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Foreword

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

elect

rotechnical standardization.
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Introduction

Users of this International Standard are advised that further or differing requirements can be required
for individual applications.
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Petroleum and natural gas industries — Wet thermal
insulation coatings for pipelines, flow lines, equipment and
subsea structures

1 Scope

This
hand
flow
thesd

This
This
Ssyste
2

The
indig
refer
ISO 3
ISO 3
ISO 6
ISO 1

ISO §

International Standard defines the minimum requirements for qualification, applicaf
ling, storage and transportation of new and existing wet thermal insulation systenis f]
ines, equipment and subsea structures in the petroleum and natural gas industries. Th
b systems is to provide external corrosion protection and thermal insulation,

[nternational Standard is applicable to wet thermal insulation systems submerged in s

International Standard is not applicable to thermal insulation in the ‘annulus of a steel
m.

Normative references

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

4 (all parts), Rubber, vulcanized or thermoplastic — Determination of tear strength

7, Rubber, vulcanized or thermoplastic £ Determination of tensile stress-strain propertie
2, Plastics — Determination of watek.absorption

78, Plastics — Determination,of flexural properties

27 (all parts), Plastics —.Determination of tensile properties

ISO 813, Rubber, vulcaniZed or thermoplastic — Determination of adhesion to a rigid sub

degr
ISO §
ISO 8

ISO 1
rate

be peel method
44, Rigid cellular plastics — Determination of compression properties
68, Plastics.and ebonite — Determination of indentation hardness by means of a durometer (Sh

133 (@l parts), Plastics — Determination of the melt mass-flow rate (MFR) and the melt

ion, testing,
pr pipelines,
e purpose of

eawater.

pipe-in-pipe

ent and are
For undated
es.

[%

strate — 90

bre hardness)

volume-flow

[MVR) of thermoplastics

ISO 1172:1996, Textile-glass-reinforced plastics — Prepregs, moulding compounds and laminates —
Determination of the textile-glass and mineral-filler content — Calcination methods

ISO 1183 (all parts), Plastics — Methods for determining the density of non-cellular plastics

ISO 1817, Rubber, vulcanized or thermoplastic — Determination of the effect of liquids

[SO 2781, Rubber, vulcanized or thermoplastic — Determination of density

ISO 2808:2007, Paints and varnishes — Determination of film thickness

ISO 2811-1, Paints and varnishes — Determination of density — Part 1: Pyknometer method

ISO 2884 (all parts), Paints and varnishes — Determination of viscosity using rotary viscometers
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ISO 3104, Petroleum products — Transparent and opaque liquids — Determination of kinematic viscosity
and calculation of dynamic viscosity

ISO 3219, Plastics — Polymers/resins in the liquid state or as emulsions or dispersions — Determination of
viscosity using a rotational viscometer with defined shear rate

ISO 4590, Rigid cellular plastics — Determination of the volume percentage of open cells and of closed cells

ISO 4624, Paint and varnishes — Pull-off test for adhesion

ISO 4649, Rubber, vulcanized or thermoplastic — Determination of abrasion resistance using a rotating
cylindrical drum device

ISO 4897, Cdllular plastics — Determination of the coefficient of linear thermal expansion of rigid materials
at sub-ambiént temperatures

ISO 6502, Rybber — Guide to the use of curemeters

ISO 7619-1,|Rubber, vulcanized or thermoplastic — Determination of indentation 'hardness — Pqrt 1:
Durometer method (Shore hardness)

ISO 7822:1990, Textile glass reinforced plastics — Determination of void c¢entent — Loss on igniition,
mechanical disintegration and statistical counting methods

IS0 8301, Thermal insulation — Determination of steady-state thermalkzesistance and related properties —
Heat flow meter apparatus

ISO 8501-1,|Preparation of steel substrates before application@f paints and related products — Wisual
assessment df surface cleanliness — Part 1: Rust grades and preparation grades of uncoated steel substyates
and of steel jubstrates after overall removal of previous coatings

ISO 8502-3,|Preparation of steel substrates before application of paints and related products — Tests for
the assessment of surface cleanliness — Part 3: Assessment of dust on steel surfaces prepared for paipting
(pressure-sepsitive tape method)

ISO 8502-4, Preparation of steel substrates before application of paints and related products — Tests fgr the
assessment of surface cleanliness — Part.4» Guidance on the estimation of the probability of condensption
prior to paint application

ISO 8503-1,|Preparation of steel substrates before application of paints and related products — Sulrface
roughness characteristics of blast*cleaned steel substrates — Part 1: Specifications and definitions for 1SO
surface profile comparatorsforthe assessment of abrasive blast-cleaned surfaces

ISO 11357 (41l parts), Plgstics — Differential scanning calorimetry (DSC)

ISO 14896, Rlasticss= Polyurethane raw materials — Determination of isocyanate content

ISO 15711, |Paints and varnishes — Determination of resistance to cathodic disbonding of coaltings
exposed to seawatet

ISO 21809-1:2011, Petroleum and natural gas industries — External coatings for buried or submerged
pipelines used in pipeline transportation systems — Part 1: Polyolefin coatings (3-layer PE and 3-layer PP)

[SO 21809-3:2008, Petroleum and natural gas industries — External coatings for buried or submerged
pipelines used in pipeline transportation systems — Part 3: Field joint coatings

EN 253, District heating pipes — Preinsulated bonded pipe systems for directly buried hot water networks —
Pipe assembly of steel service pipe

ASTM D4060, Standard test method for abrasion resistance of organic coatings by the taber abraser
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3 Terms and definitions

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

3.1

applicator

company which undertakes the coating application in accordance with the provisions of this
International Standard

3.2
certificate of analysis

batclreertifieateissted by the manufacttter ——MmM8M M

Note[l to entry: It is a document that contains the results of tests performed by the manufactuxer.

3.3
confprmity certificate
certificate of conformity issued by the manufacturer

3.4
cool/down time
time|taken for a fluid contained within a pipeline to reach a pre-detérmined temperature ffom specific
start/temperatures (internal and external) when fluid flow is stepped

3.5
cutbpck
uncofated area defined in terms of length at the ends ofieach pipe which is required to preyent damage
to the coating system when the pipe sections are welded together

3.6
end of life
condiition of parameter of interest at the end.of the service life

3.7
end pser
company that owns and/or operates the production system

3.8
equipment
components other thanJpipelines and flowlines through which fluid flows from the [well to the
procgssing facility

EXANPLE Valve, manifold, christmas tree.
39
field joint
uncopted area that results when two pipe sections, or a pipe section and a fitting with coatihg cutbacks,

lolo 1 11.
are assemorea oy weraimg

3.10

field joint coating

coating applied after two pipe sections with coating cutbacks have been assembled, by welding, in the
field or a fabrication site

3.11
field joint designer
company that proposes the field joint system for qualification in accordance with this International Standard

3.12
flowline
pipe that transfers fluid from an oil or gas well to the riser foot of a processing facility

© ISO 2014 - All rights reserved 3
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3.13

heat transfer coefficient

U-value

rate of heat transfer from a reference surface under the influence of a thermal gradient

Note 1 to entry: Expressed in W.m-2.K-1,

3.14

insulation system

specific combination of pre-treatment, anti-corrosion coating, insulation and protective outer sheath to
achieve the corrosion protection and insulation properties as described in this International Standard

3.15
layer
materials applied to the surface to be insulated in units of discrete thickness to build up the insulation syjstem

3.16
manufacturer
company regponsible for the manufacture of coating materials

3.17
material dgta sheet
form contaihing data regarding the physical and mechanical properties-of a particular material used in
the coating process including guidelines and recommendations for itSprocessing and use

3.18
material safety data sheet
form intendpd to provide workers and emergency personnekwith procedures for handling and working
with the malterial in a safe manner including physical datdisuch as flash point, toxicity, first aid

3.19
maximum rated pressure
external pr¢ssure for which the insulation layers;are designed, according to the system supplier

3.20
maximum and minimum rated temperature
conditions fpr which the insulation layers are designed, according to the system supplier

3.21

pipeline
pipe that transfers fluid fromy@processing or storage facility to another location be it another procepsing
facility, refipery, chemicalb plant or end user

3.22

PI tape
precision vgrniér periphery tape that allows the direct and accurate measurement of the diameter of
tubular objdcts)without the need for callipers or micrometers

3.23

pre-production test

PPT

series of tests performed immediately before the start of production, designed to demonstrate that the
requirements of a previously qualified coating system are achieved, as outlined in this International
Standard and as outlined by the purchaser

3.24

procedure qualification test

PQT

series of tests designed to demonstrate that the coating materials, coating applicator, coating equipment
and coating procedure can meet the requirements as outlined in this International Standard and as
outlined by the purchaser

4 © ISO 2014 - All rights reserved
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purchaser
company responsible for providing the product order requirements

3.26
serv

ice life

specified period of use of the insulation coating in service

3.27

stalk
continuous string of welded and field joint coated pipe, which is prepared in readiness for pipe spooling

onto
Note

3.28

stalk tie-in
connection followed by field joint coating, which is completed between stalks during piipe spooling

weld|

3.29

subsea structure

strud

production equipment

EXAN

3.30
synt
insul

Note

3.31
Systyq
comy

3.32
ther
k-va
abilit
of mi
Note

3.33
unit
quan

11 L
d 1I'CTTl1 lCl_y udl SC

1 to entry: A number of stalks will normally be required to make up a flowline or pipeline.

tural foundation or template for the positioning, support and protection of varig

1PLE Manifolds, trees.

actic foam
ation material formed by dispersing hollow patticles within a polymer matrix

1 to entry: Polyurethane, epoxy, phenolic and-PP, silicone are examples of polymers.

bm supplier
any that proposes the insulation system for qualification in accordance with this Internatio

mal conductivity

ue

y of a material to conduct heat, generally quantified in terms of the heat flow through
hterial under thednfluence of a standardized temperature difference

1 to entry: Expressed in W.m-1.K-1,

of production
tity of three layer polypropylene coated pipes, at the same stage in the coating sequend

final

us items of

nal Standard

W unit length

e, where the

insulation thickness is built up hy mn]fip]p npp]ir:\finn of the constituent ]nyprc

Note

© ISO

1 to entry: The constituent layers are the insulation layers and the top coat.
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4 Abbreviated terms

3LPP three layer polypropylene

4LPP four layer polypropylene

APS application procedure specification
CD cathodic disbondment

CP cathodic protection

DMA dynamic mechanical analysis
DSC differential scanning calorimetry
FBE fusion bonded epoxy

FJC field joint coating

GSPP glass syntactic polypropylene
GSPU glass syntactic polyurethane
HDPE high density polyethylene

ID internal diameter

ITP inspection and test plan

MFR melt flow rate

0D outer diameter

PE polyethylene

PP polypropylene

PU polyurethane

RH relative humidity

SPU syntactic PU

uv ultraviolet

5 Generplvecommendations and requirements

A quality management system and an environmental management system should be applied to assist
compliance with the requirements of this International Standard.

NOTE ISO/TS 29001 gives sector-specific guidance on quality management systems and ISO 14001 gives
guidance on the selection and use of an environmental management system.

The applicator shall be responsible for complying with all of the applicable requirements of this
International Standard. It shall be permissible for the purchaser to make any investigation necessary in
order to have assurance of compliance by the applicator and to reject any material and/or coating that
does not comply.

6 © ISO 2014 - All rights reserved
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6 Qualification dossier

6.1 General

A qualification dossier of the proposed insulation system in accordance with this clause shall be
presented by the system supplier for review, when requested by purchaser. The requirements of this
clause shall apply to all layers present in the insulation system. The content of such a dossier shall be in
accordance with 6.2 and 6.3.

Historical data may be included in this qualification dossier and will be subject to review and approval
by purchaser.

6.2 | Content of qualification dossier

The $ystem supplier shall provide qualification documentation which shall include the following as a
minimum.

a) $ystem summary:
1) description of the insulation system tested;
2) maximum rated temperature and pressure;

3) minimum and maximum temperature guidelines for storage, handling, installation and
corresponding recommendations.

b) Insulation system materials:
1) material or layer technical data sheet and material safety data sheet;
2) recommended shelf life and storage instructions;

3) material, or layer when applicable, conformity certificate and material certificat¢ of analysis
from the manufacturer with(the following information:

i) product name and manufacturer;
ii) manufacturing plant;

iii) date of mafufacture;

iv) batchfiumber;

v) properties to be tested with every batch and corresponding conformity ranges;

yi}~date of issue;

vii) signature of authorized personnel (with name and function);

4) testdata for each individual layer, in accordance with Clause 7.
c) Asapplied coating: qualification data for the application process, in accordance with Clause 9.

d) Full scale testing: test data for the complete system as applied, in accordance with Clause 8.

6.3 Anti-corrosion coating documentation

The purpose of this International Standard is not to define a proper qualification program for anti-
corrosion coating. The wet insulation system supplier can select any anti-corrosion coating suitable
for the maximum rated temperature of its insulation system and with which the system will pass the
qualification requirements of this International Standard.

© ISO 2014 - All rights reserved 7
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Ifthe anti-corrosion coating selected by the end user is different from the one used by the system supplier
for qualification, both parties shall agree on a test program to ensure that anti-corrosion coating and
wet insulation are compatible up to the maximum rated temperature of the insulation system.

7 Layer test requirements

7.1 General

Each layer of the insulation system or each insulation material shall be tested as specified in this clause.

Table 1 spe
Table 2 sped
Each proper

Requiremen

Table 1 — General properties

1T1es generdal properties to be tested 1or each layer where applicable.

ifies properties to be tested on a case by case basis by agreement with the purchaser.

ts for the qualification of repair materials shall be by agreement.

ty measurement shall be documented along with the acceptance criteria for-usein Clayse 9.

Lhyer property Test specification Testztseor(r:q:.ezr‘?cture Maximum rated | Minimum liated
* temperature temperatyre
Thermal condugtivity 1SO 8301 v v
Specific heat capacity 1SO 11357 v v
Hydrostatic cothpressive behaviour Annex A v 4
Water absorptipn 1SO 62,1S0 18172 v v
Density 1SO 1183 v
Tensile propertfes 1SO 527,1S0 37b v v v
Hardness 1SO 868 v
DSC IS0 11357-2 Temperature range
DMA N/A Temperature range
a IS0 1817 for elastomers.
b SO 37 foxf elastomers.
Table 2 — Specific properties
Materigl property Test specification Testzléeor(l:l]*)_ezl?cture Maximum rated Minimum Iiated
+ temperature temperatyre
Compressive stfength 1SO 844 v v v
Abrasion resisthnce ASTM D 4060 /ISO 4649 a 4
Coeffici_ent of lifear thermal 1SO 4897 v v
expansion
UV resistance See7.2.5

a  [SO 4649

for elastomers

7.2 Ageing tests

7.2.1 General

The purpose of the ageing tests is to estimate the thermal, chemical and mechanical stability for the
material’s service life. The tests shall account for:

— all expected ageing phenomena, (including thermal and chemical ageing);

8

the failure mechanism of the insulation material,

© ISO 2014 - All rights reserved
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— any water absorption and pressure effects.

For certain materials, physical changes can produce results in tensile testing that are not indicative of
chemical change. In such cases additional testing may be performed in order to explain and to understand
the extent and criticality of these physical changes. This may include the use of general and material
specific analysis techniques that lie outside of this specification. The results of such investigative work
shall be included in the test dossier.

End oflife properties should be determined and considered based onrelevantapplication specificacceptance
criteria. These shall be defined and explained by the system supplier with the ageing test results.

For each individual laver (nr mqurin]) availablein a range of density the ageing testsare rpquired on]y
for ohe density, provided the data in Table 1 are documented for the relevant range of defisity.

In orfder to estimate the potential degradation of an insulation system due to wet ag€ing, two tests shall
be performed:

— Ietermination of the water absorption kinetic of each layer in the insulation system (7]2.2);

etermination of the degradation of the thermo-mechanical properties of each layer que to water
dgeing (7.2.3).

Ageing tests are not required for anti-corrosion and adhesive layérs.

An optional full insulation system ageing test may be carriedut in accordance with 7.2.4 to verify the
long term behaviour.

7.2.2 Water absorption kinetic test
The ¢bjective shall be the determination of the end of life, through thickness, water profile.

Ageing media shall be either fresh water oxseawater. Artificial seawater, if used, shall be|prepared in
accordance with ISO 15711.

The test shall be performed as follows:

— flour temperatures:

1+ 4°C;

+ maximum ratedtemperature minus 30°C;
1+ maximumrated temperature minus 15°C;

1+ maximum rated temperature (as defined in 6.2);

— Iuration: 1 year;

ressure: maximum rated pressure (::c definedin 6 '));

— 5 samples of each size per ageing temperature;

— sample sizes for ageing tests shall be (50 x 50 x 4) mm and (50 x 50 x 8) mm. Moulded samples
should be used whenever possible;

— weighing intervals: 1, 2 weeks and 1, 3, 6 and 12 months. After removal from water, samples shall
be dried with a clean dry cloth or filter paper and weighed. These six data points shall be reported
on a graph and the absorption kinetic (diffusion coefficient and saturation) of the material(s) shall
be determined. The test media shall be replaced at each sampling interval.

NOTE1  Using the classical diffusion law (Fick), these data allow (knowing the through thickness temperature

profile) an estimation of the end of life through thickness water profile of the structure (see detailed guidance as
information in Annex K).

© ISO 2014 - All rights reserved 9
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in order to es
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timate the through thickness long term behaviour of the insulation system (see Annex K).

7.2.3 Wet heat ageing behaviour

In the case of non-Fickian diffusion (Langmuir, loss of weight), more complex analysis can be performed

The potential degradation shall be verified by testing of tensile properties at 23°C + 2°C. Flexural testing

may be carr

ied out in place of tensile testing for brittle materials.

Sample preparation shall be fully described.

Tensile tests shall be performed in accordance with ISO 527 for thermoplastics or ISO 37 Type 1 for

elastomers.

Ageing med
accordance

The ageing t

three te

duratio
pressur]
5 sampl

samplin

Before mech
at23°C+2°

At sampling

Bloavuraltacting for heittla maatariale chall ho narfor
ettt SehE e-pet

madinaccardancawuith 1SS0 17Q
............................ et eecotradheceYWitttoo—=++o-

TOTTIT

ja shall be either fresh water or seawater. Artificial seawater, if used, shall be prepar
with SO 15711.

est shall be performed as follows:

mperatures:

ximum rated temperature minus 30°C;
ximum rated temperature minus 15°C;

ximum rated temperature (as defined in 6.2).

h: 1 year;

e: maximum rated pressure (as defined in 6.2);
es per ageing temperature and sampling stejp;
g intervals: 1, 3, 6 and 12 months.

anical testing, samples shall be kept'in water (identical to the one used for the ageing
C for a period of 24 h minimum, and tested immediately after being taken out of water.

intervals, samples shall be dried after removal from water with a clean dry cloth or

paper, weighed and tested in accordanee with relevant standard without any reconditioning (no di

of samples).

7.2.4 Full

An approxin
the full insu

Ageing med

The test media shallbe replaced at each sampling interval.

insulation systein ageing test (optional)

ation system (see Figure 1 for details), shall be used for the full insulation system ageing

ja shall'be either fresh water or seawater. Artificial seawater, if used, shall be prepar

accordance

ed in

test)

filter
'ying

nately 1 m letig tube, minimum 25 mm in diameter and coated with approximately 50 npm of

test.

ed in

with 1SO 15711.

The ageing test shall be performed as follows:

externa

pressur

10

internal temperature: maximum rated temperature (as defined in 6.2);

| temperature: 20°C = 3°C;

duration: 1 month to 6 months;

e: atmospheric pressure (or under pressure if necessary);

in case of seawater, CP will be provided with a sacrificial anode.
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Key
notch depth: half of the thickness through thickness

notch depth: full thickness down to the anticorrosion layer
water temperature = + 20°C + 3°C

end closure

steel tube

fluid at maximum rated temperature

4 mm width cracks

X N O U A WN

insulation system
Figure 1 —'Schematic of the full insulation system ageing test

After ageing, any visibl® degradation (e.g. crack, indication of local hydrolysis) shall e assessed.
Addifional physical-and chemical testing can be performed and the results provided| within the
qualification dossiel

7.2.§ Weathering and UV resistance

Data|shall be provided by the insulation system supplier to demonstrate that the system cpn resist UV
expolsure. Alternatively specific storage conditions or protection from atmospheric expodure shall be
detailed by the insulation system supplier.

NOTE Weatheringand UV resistance isa concern during storage of components or pipes and for parts exposed
to atmospheric conditions. This effect is mainly superficial and concerns the outer layers of the insulation system.

8 Insulation system test requirements

8.1 General

In this clause, the properties that shall be tested for the complete insulation system are defined.

A detailed test program shall be prepared by the system supplier in accordance with Table 3 to define
the design basis of the insulation system in terms of pressure and temperature range, installation
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constraints and thermal performance. This design basis shall then be used for comparison with the
specific conditions for which the system is planned to be used. If specific conditions are outside the design
basis then purchaser or end user may decide to test specific properties following the guidelines of 8.2.

The parameters for the tests in Table 3 shall be defined by the insulation system supplier (pressure,
temperature etc.).

Testing shall be carried out on the complete system applied in accordance with Clause 9.

If applicable, testing shall include a field joint applied in accordance with the requirements of Clause 10.

8.2 Full scatetest program

8.2.1 Testsummary

The test program for flowlines, risers, jumpers and subsea equipment shall includebut shall npt be
limited to, the tests shown in Table 3 and described in 8.2.2 to 8.2.7.

Table 3 — Full scale tests

Flowlines Risers Jumpers Subs;e;ﬁ;[uip- Field joint
Baseline tests [optional)
Cathodic disbopdment test v v A v v
(8.2.2)
Adhesion test ($.2.2) v v v v v
Installation requirements
Bend test (8.2.3) v v v b v c
?&;t&ig&éﬁ;?}ner test v v v
In-service requirements
Simulated cyclif bend test v v v v
(8.2.4)2
Impact test (8.4.6) v v v v v
Temperature/pressure simulated service tests
Factory applied| (8.2.7) v
Field joints (8.2.8) v v v v v
Subsea equipm¢nt (8.2.9)

a  [frelevang for flowlineSdue to vortex induced vibrations in free spans or pipe movements on seabed.

b Optional fest.

¢ Asper th¢ flowline, riser, jumper, subsea requirement.

8.2.2 Baseline tests (optional)

If required by the purchaser, the following tests shall be carried out on the complete insulation system
prior to any simulated installation or in-service tests in order to establish the baseline:

— CD test at 23°C for 28 days, or as specified by the purchaser, in accordance with the relevant
International Standard for the anti-corrosion coating;

— adhesion testing to be detailed by the system designer to include any/all of:
— peel test as per ISO 21809-1:2011, Annex C, or ISO 813;
— pull off test as per ISO 4624;

— ring shear test as per Annex I.
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NOTE The objective is to test before and after some of the simulated tests listed in this clause, in order to
compare the values and check for any possible degradation. The corresponding acceptance criteria are material
and application dependant.

8.2.3 Simulated bend test

The objective of the test is to determine if the factory applied and field joint coating systems display any
visible or audible signs of distress, for example, cracking, disbondment, stress whitening, deformation,
blistering, separations between layers or tearing as deemed detrimental to the product when subjected
to bending during spooling or installation operations. In addition, there should be no disbondment of the
insulation system and/or anti-corrosion coating from the steel substrate. These visible or audible signs

of di
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Optipnally, adhesion test and CD test (8.2.2) may be carried’out for comparison with baseli

btress shall be recorded.

Fe appropriate, the test string should comprise a field joint coated girth weld positigneg
riences the maximum strain during bend test.

est procedure should be as defined in Annex B. The parameters needed te;perform the
ed by the insulation system supplier.

sectioningalongthe maximumas-bentstrainaxes, the coating systémsshallnotdisplay
ness cracking, or through thickness separation between the line pipe and the field joi
hd anode pad brackets shall be assessed on a case by case basis. Effects such as disbond
bning, deformation, blistering, separations between layersry tearing as deemed detrin
ct shall be recorded.

Cyclic (fatigue) bend test

bjective of the test is to determine if the factory applied and field joint coating systems
e or audible signs of distress, for example, cracking, disbondment, stress whitening, d
bring, separations between layers or'tearing as deemed detrimental to the product wh
clic bending. In addition, there should be no disbondment of the insulation system
sion coating from the steel substrate. These visible or audible signs of distress shall b

est procedure shall be as described in Annex C. The parameters needed to perform the
ed by the insulation system supplier.

hg execution of thetest, the variations in the axial strains and temperatures in the te
viewed for anongalies.

sectioning<aleng four positions (3, 6, 9 and 12 o’clock), the coating systems shall
hrough thickness cracking or through thickness separation between the line pipe 3

joint

disb
deer;F

Cracking“around anode pad brackets shall be assessed on a case by case basis. Eff
ndment, stress whitening, deformation, blistering, separations between layers o1

| such that it

test shall be

any through
. Cracking

t
Elent, stress

hental to the

he tests.

display any
leformation,
en subjected
hnd/or anti-
e recorded.

test shall be

st pipe shall

not display
nd the field
bcts such as
tearing as

ed-detrimental to the product shall be recorded.

8.2.5 Simulated tensioner test (optional)

The objective of the test is to determine the coefficients of friction between the tensioner pads and the
coating system for a range of temperatures and compressive/squeeze loadings. In addition, the objective
is to determine if slippage occurs between the tensioner pads and the field joint coating system when
subjected to the required axial and compressive/squeeze loadings.

The test procedure shall be as described in Annex D. The parameters needed to perform the test shall be
defined by agreement between the insulation system supplier and the pipelay vessel owner.

There shall be no cracking or damage to design thickness of coating systems, including field joint coating
systems, that is detrimental to the thermal performance and corrosion protection of the system.
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Coefficients of friction between the tensioner pads and the coating system shall be determined for a
range of temperatures and compressive/squeeze loadings.

8.2.6 Impact test

The objective of the test is to confirm that the coating system will not display any visible or audible signs
of distress, for example, cracking, disbondment, stress whitening, deformation, blistering, separations
between layers or tearing as deemed detrimental to the product when subjected to impact test. In
addition, there should be no disbondment of the insulation system and/or anti-corrosion coating from
the steel substrate. These visible or audible signs of distress (if any) shall be recorded.

The test prdcedure shall be as described in Annex E. The parameters needed to perform the testl:hall
be defined by the insulation system supplier. If trawl board testing is required, the test procedufre as
described if DNV RP F111 should be used.

There shall be no cracking or damage to design thickness of coating systems, including fieldjoint copting
systems, thdt is detrimental to the thermal performance and corrosion protection ofthe system.

8.2.7 Simjfulated service test (factory applied coating)
The objectiyes of the test are to:

— confirn] that the U-value of the insulation system is in accordance with the expected design pasis
as defirjed by the insulation system supplier in 8.1 when subjeéted to the specified tempergture
gradienf through its thickness and hydrostatic pressure under short term conditions (typicglly a
minimum of 7 days after thermal stability has been established);

— optionally, confirm that the cool down time of the insulation system is in accordance with the
expecteld design basis as defined by the insulation:system supplier in 8.1;

— demonstrate that the hydrostatic compressive:properties of the insulated system are in accordance
with th¢ design basis as defined by the insuldtion system supplier in 8.1.

The test pracedure shall be as described in Anhex F.

Measured U-value, and cool down timéif determined, of the insulation system shall be in accordance
with the degign basis as defined by the-insulation system supplier in 8.1.

Measured radial compression pf'the insulation system shall be in accordance with the design bagis as
defined by the insulation systemy'supplier in 8.1.

Optionally, the test piec€xay be sectioned after completion of the test. After sectioning, the copting
systems shall not display any visible signs of distress, for example, cracking, disbondment, sfress
whitening, deformation, blistering, separations between layers or tearing, as deemed detrimenfal to
the product] In addition, there should be no disbondment of the insulation system and/or anti-corrgsion
coating fromh the'steel substrate. These visible or audible signs of distress shall be recorded.

8.2.8 Simulated service test (field joint)
The objectives of the test are to:

— identify potential hot water degradation mechanisms within insulation system, especially at the
interface with the parent coating (coating on both sides of the field joint, at the cutback areas);

— optionally, confirm that the cool down time and the U-value of the insulation system when subjected
to a temperature gradient through its thickness and hydrostatic pressure under short term real time
conditions are in accordance with design basis as defined by the insulation system supplier in 8.1;

— demonstrate that the hydrostatic compressive properties of the insulated system are in accordance
with the design basis in accordance with 8.1.
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The test procedure shall be as described in Annex G.

Hot water degradation mechanisms within insulation system, especially at the interface with the parent
coating (coating on both sides of the field joint, at the cutback areas), shall be identified and reported.

If measured, cool down time and U-value shall be within the design basis as defined by the insulation
system supplier in 8.1.

Measured radial compression of the coating system shall be in accordance with the design basis as
defined by the insulation system supplier in 8.1.

Optionally, the test piece may be sectioned after completion of the test. After sectioning, the coating
systgms shall not display any visible signs of distress, for example; cracking, disbondment, stress
whitening, deformation, blistering, separations between layers or tearing as deemed detrimental to the
product. In addition, there should be no disbondment of the insulation system and)or arfti-corrosion
coatirr]lg from the steel substrate.

8.2.9 Simulated service test (subsea equipment) (optional)
The ¢bjectives of the test are to:

— identify potential mechanical and/or structural failure mechanisms of the insulation system due to
geometrical/dimensional section changes in the structure of frees, manifolds, etc.;

— (lemonstrate that the compressive properties of the insulated system are in accordampce with the
esign basis as defined by the insulation system supplier in 8.1;

— o¢ptionally, confirm that the cool down time and U-value of the insulation system when pubjected to
3 temperature gradient through its thickness.ahd hydrostatic pressure under short tefm real time
¢onditions are in accordance with design basis as defined by the insulation system supplier in 8.1.

The test procedure shall be as described in*Annex H.

The ¢oating systems shall not display-any through thickness cracking or through thicknesg separation
along the construction joint. Effects‘such as disbondment, stress whitening, deformation, blistering,
sepafations between layers or tearing as deemed detrimental to the product shall be recorfled.

Meagured radial compressiagn of the insulation system shall be in accordance with the degign basis as
defined by the insulation system supplier in 8.1.

After sectioning, the coating systems shall not display any visible signs of distress, for example, cracking,
disb¢ndment, stress)whitening, deformation, blistering, separations between layers of tearing as
deer:ted detrimental to the product. In addition, there should be no disbondment of the insulation system
and/pr anti-cotrosion coating from the steel substrate. These visible signs of distress shall be recorded.

If mdasured; the U-value and cool down time of the insulation system shall be in accordapce with the
design’basis as defined by the insulation system supplier in 8.1.

Optionally, adhesion test or peel test (8.2.2) may be carried out for comparison with baseline tests.

If specified, samples of the insulation material shall be taken from the test piece after completion of the
simulated service testing and subjected to the material property testing described in 7.1.

9 Application process and quality control

9.1 General

This clause defines the requirements for control of the application of insulation systems. The generic
types of systems listed here are the ones which are already well known in the industry. For each type
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of system, the corresponding tables shall be used as minimum requirements to be followed by the
applicator during application.

If other system types are used, this clause should be used as guidance for the development of specific
application process and quality control requirements.

9.2 Qualification of operators

Personnel involved in the coating operation shall be trained and qualified in accordance with applicator
training programs and quality assurance systems.

The qualificptiomtraiming progranT and traifing Tecords for personnet sirattbeavaitabletotheend user

and purchager for review.

Alternatively, the qualification of coating personnel may be obtained via a certification organizatign, by

demonstratipn at a PQT or during PPT as agreed with end user or as defined in ISO 21809-3! The system

supplier ofthe insulation materialsand equipment may provide technical assistance to thecoating persqnnel.

9.3 Application procedure specification (APS)

The therma] insulation system application shall be performed in accordance,with an APS.

The APS shgll document the following:

a) statemgnt of applicable scope;

b) step by step description of the application;

c) critical process parameters which convert or affect material properties;

d) procedyres for special processes not covered by-itéms b) and c);

e) inspectijon and test plan;

f) referenges to specifications (if applicable) and materials used in the application of the wet
insulation system;

g) coatingjrepair procedures.

EXAMPLE A special process which would require its own detailed procedure [see item d) above] could be a

subsea strucfure where, due to-eomplex geometry, the application technique requires the use of moulds.

9.4 Procé¢dure qualification test (PQT)

If requested| by thesend user or purchaser, the APS shall be qualified by a PQT. Test methods, acceptance

criteria and|frequencies for PQT shall be specified in the ITP.

The PQT showtd-be-earried-eoutinpresence-of the-end-userandforpurchaser{ortheirrepresentdtive)

if requested.

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

Qualification tests shall be carried out on representative pipes or subsea components.

All tools and equipment (e.g. for induction heating, abrasive blasting, coating application and inspection)
to be used for PQT shall be of the same type as those to be used for the actual coating.

The applicator shall submita complete report of the qualification testresults to the purchaser for approval.
Relevant parameters for the application process recorded during PQT shall be implemented during PPT

and production. The allowable ranges for these parameters should be agreed between applicator and
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purchaser. If these parameters fall outside the agreed ranges, additional testing may be agreed between
purchaser and applicator demonstrating equal or better performance when compared to PQT and PPT.

9.5 Pre-production test (PPT)

If required by the end user or purchaser, a PPT shall be performed at start of production to verify the

PQT

or any previous qualification or historical data.

Tests methods, acceptance criteria and frequencies for PPT shall be specified in a dedicated ITP.

The PPT shall be carried out in presence of the end user and/or purchaser (or their representative) at the

startrof operations wiel equipImernt and PerSonTer are mobiiised oI Site.

9.6 | Production tests

9.6.1 General

The applicator shall perform inspection and testing during productiondn, accordance with an ITP to
verify the surface preparation, raw materials and coating application.

The ITP shall be prepared by the applicator and shall be approved by‘the purchaser and end fiser prior to
the start of production, and prior to the start of any PQT and/or PPT. The ITP shall identify a]l inspection
activlities and tests, their frequency and the relevant inspection‘duthorities.

A repair procedure shall be established for each insulation.system and tested at PQT stage.

9.6.2 Polypropylene insulation system

9.6.2.1 General

A mylti-layer polypropylene insulation system is typically a combination of an anti-corrogion coating,
an injsulation layer(s) of syntactic/foamysolid polypropylene, and a solid polypropylene top|coat.

For gach of these layers, the minimum requirements in 9.6.2.2 to 9.6.2.5 shall apply.

9.6.2.2 Three layer polypropylene

The BLPP coating, applied over the grit blasted steel, shall be in conformance with SO 218(9-1:2011.
9.6.2.3 Four layer’polypropylene

A 4LPP consists of FBE primer, adhesive, PP foam and solid PP top coat.

If a 4LPP.coating is applied over the grit blasted steel, the FBE and adhesive shall be in accordance with
[SO 41809-1:2011, Clause 10, and the appropriate inspection tests of [ISO 21809-1:2011, Clal?ge 11, for the

surface preparation, FBE and adhesive layers.

9.6.2.4 Polypropylene insulation material

The insulation material shall meet the requirements of Table 4.

Table 4 — Minimum inspection and testing for PP insulation layer application

Frequency
Property Units Test method Requirements
PQT PPT Production
Raw material testing (Manufacturer’s data)
Density kg/m3 1SO 1183 Within the manufacturer’s Each batch | Each batch Each batch
certificate of conformity
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Table 4 (continued)
Frequency
Property Units Test method Requirements
PQT PPT Production
MFR grams per 1SO 1133 Within the manufacturer’s cer- | Each batch | Each batch Each batch
10 min tificate of conformity range
Density (glass micro- g/cm3 Manufacturer | Within the manufacturer’s cer- | Each batch | Each batch Each batch
spheres) tificate of conformity range
Crush strength (glass MPa Manufacturer | Within the manufacturer’s cer- | Each batch | Each batch Each batch
microspheres) tificate of conformity range
Substrate preparation
Environmentaljcon- °C ISO 8502-4 Minimum 3°C above dew point Each pipe Each pipe Startjef pach
ditions and subfptrate sHifi
temperature
Visual inspecti¢n of pre- - Visual Inspec- | Pipe surface shall be free from Each pipe Each pipe Each pjpe
viously coated qurface tion moisture and contamination
(if applicable)
Heating of prevjous °C Infrared Acceptable range to be estab- Each pipe Each pipe All pifles
coated surface (if appli- pyrometer or lished during PQT checked[with
cable) equivalent infrarpd
pyrometg¢r and
recorded once
per haur
Laboratory tedting
Interlayer adhepion MPa IS0 527 Cohesive break within layer$ Each pipe 2 pipes Once pef day
test between insulation after tensile tests.
layers (if applichble - on
fu}lll thi(cknrejgs) Alternatively, shear tésts
acceptable if thicknesés\allows
(testin accordance with
Annexl)
Density control| (GSPP) kg/m3 [SO 1183 Nominaldensity + 10 kg Each pipe 2 pipes Once pef day
Density control| (PP kg/m3 1SO 1183 Nominal density + 40 kg Each pipe 2 pipes Once pef day
foam)
Mass ratio of glass % As per Annex Acceptable range to be estab- Each pipe 2 pipes Once pef day
microspheres (GSPP) lished during PQT
Glass microsphgres % As per AnnexYy | Acceptable range to be estab- Each pipe 2 Pipes Once pef day
density after prjocessing lished during PQT
(GSPP)
Entrapped air rptio % ASPper Annex] | Acceptable range to be estab- Each pipe 2 Pipes Once pef day
(GSPP) lished during PQT
Thermal condugtivity W/(m.K) 1S0 8301 In accordance with Table 1 at One test N/A N/A
23°C+2°C
Compressive Stfength MPa ISO 844 In accordance with Table 1 at Each pipe N/A N/A
23°C+2°C
Tensile strength and MPa ISO 527 In accordance with Table 1 at One test N/A N/A
elongation at bijeak 23°C+2°C
%
Hydrostatic tesk (GSPP) % Annex A In accordance with Table 1 at One test N/A N/,
23°C+2°C
Final inspection
Coated pipe surface Measurement <80°C Each pipe Each pipe Three times
temperature control with contact per shift
after cooling thermocouple
Thickness control Measurement As specified Each pipe on | Each pipe on| Each pipe on
with PI tape 5locations | 5locations 5 locations
or electronic along the along the along the pipe
equipment. pipe pipe

9.6.2.5 Polypropylene top coat

The top coat shall meet the requirements of Table 5.

18
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Frequency
Property Units Test method Requirements
PQT PPT Production
Raw material testing (Manufacturer’s data)
Density kg/m3 1SO 1183 Within the manufacturer’s Each batch Each batch Each batch
certificate of conformity
range
MFR grams per IS0 1133 Within the manufacturer’s Each batch Each batch Each batch
10 min certificate of conformity
range
Substfrate preparation
Envirpnmental con- . o
ditionfs and substrate °C 1SO 8502-4 Minimum 3 C above dew Each pipe Eachpipe Start O.f each
point shift
tempgrature
. Pipe surface shall be free
Contrpl of previous isual i £ .
coatedl surface (if - Visual inspec- | from moisture and contam- Each pipe Each pipe Each pipe
applidable) tion ination. No flat spots, dents,
PP air bubbles.
All pipes
checked with
Heatipg of previous Infrared Acceptable range to be infrared
coatedl surface (if °C pyrometer or 5 g Each pipe Each pipe pyrometer
: . established during PQT
applidable) equivalent and recorded
once per
hour
Top cpat application
Top cat coating mm Measurement As specified Each pipe (5 Each pipe (5 1st pipe then
thickiyess with PI tape locations along locations along every 20th
or electronic the pipe) the pipe) pipe
equipment
Laboratory testing
Adhegion between - Visual inspec- | .No delamination between Each pipe Each pipe Each pipe
layerg tion at pipe layers
ends (cutback)
Elongption at break % 1SO 527 =400 Two test (on 3 test | Two test (on 3 tesf | Each batch of
pieces) pieces) PP (on 3 test
pieces)
Finallinspection
Total foating thick- mm, Measurement As specified Each pipe (5 Each pipe (5 Each pipe on
ness with Pl tape locations along locations along 5 locations
or electronic the pipe) the pipe) along the
equipment pipe
Ovalify % Calliper and PI (ODmax-ODmin)/OD pg Each pipe Each pipe 1st pipe then
tape tape < 2 % every 20th
pipe
Concentricity Straight +10 % of nominal thickness |Each pipe, 8 meas- | Each pipe, 8 measf | Once every
edge ruler urements urements 20 pipes
or electronic
TQUIPITEnt at
cutback area
Hardness Shore D ISO 868 260 Two test One test Once per
shift
Cutback mm measurement By agreement Each pipe Each pipe Each pipe
9.6.3 Polyurethane insulation systems

9.6.3.1 Polyurethane applied in liquid form

Polyurethane is applied inliquid form using suitable dispensing equipment. It can be either in solid/foam

or syntactic form.

The insulation should be applied over a suitable anti-corrosion coating.
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The insulation system shall meet the requirements of Table 6.

Table 6 — Minimum inspection and testing requirements for PU

Property

Units

Test method

Requirements

Frequency

PQT

PPT

Production

Raw material testing (Manufacturer’s data)

Density (polyol)

Relative
to water
at1,0

Manufacturer’s
method

within the manufac-
turer’s certificate of
conformity range

Each batch

Each batch

Each batch

Viscosity (poly

1)

cPs

IS0 3104 or

within the manufac-

Each hatch

Each hatch

Each hatch

ISO 3219

turer’s certificate of
conformity range

Gel time of mix{
(polyol + Iso)

d system

Manufacturer’s
method

within the manufac-
turer’s certificate of
conformity range

Each batch

Each batch

Each batch

Hardness of cuj

ed system

Shore A
or Shore
D

ISO 868

within the manufac-
turer’s certificate of
conformity range

Each batch

Eachatch

Each bptch

Isocyanate conf

ent

%

ISO 14896

Within the manufac-
turer’s certificate of
conformity range

Each batch

Each batch

Each bptch

Density (glass 1

hicrospheres)

g/cm3

Manufacturer’s
method

Within the manufac-
turer’s certificate of
conformity range

Eachbatch

Each batch

Each bptch

Crush strength
spheres)

(glass micro-

%

Manufacturer’s
method

Within the manufac-
turer’s certificate of
conformity range

Each batch

Each batch

Each bptch

Substrate prep

aration

Environmental
substrate temp

conditions and
brature

°C

1SO 8502-4

Minimuth.3°C above
dew point

Each item

Each item

Start offeach
shifft

Anti-corrosion
preparation

Foating surface

Visual

If applicable, abra-
sion with sand paper
grit 50 minimum
and dust vacuum
cleaning (alterna-
tive methods of
mechanical surface
preparation may be
agreed according to
the anticorrosion
layer used)

Each item

Each item

Each ifem

Adhesion pron

hoter application (ifrequired)

Pot life

min

stop watch

Cure time check in
accordance with
manufacturer’s
recommendation

Each batch

Each batch

Each bptch

Mix ratio

Ratio by

Weight measure-
mnni—

Ratio and tolerance
according to Man-

wfacturersracom

Start of PQT

Start of PPT

Each shift

aveiaht
5

mendation

Visual appearance

Visual

Within manufactur-
er’s recommenda-
tion. Comparative
visual test panels

from PQT.

Each item

Each item

Each item

PU application

Mix ratio

Ratio by
weight

Weight measure-
ment

as per manufac-
turer’s recom-
mendation with a
maximum of + 2 %.

Start of PQT

Start of PPT

Once per shift
or at start of
each pouring.

a  Notapplicable for foams.

b In case of massive structure for subsea (typically Christmas trees), the minimum item and mould temperature might be
defined during PQT.
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Table 6 (continued)
Frequency
Property Units Test method Requirements
PQT PPT Production
Verification of raw material Visual Cured 0,51 Good mixing. No air, Start of PQT Start of PPT Start of each
properties by a "cup shot” (approximately) no discolouration shift
fixed mass sample | from unmixed com-
at23°C ponents, etc.
Gel time check (machine dis- s Stop watch For information (to once once Once per shift
pensed)? be used as reference or start of
for maximum pour each pouring
time limitations)
Visual inspection of the mould - Visual Clean, no adhering Each item Each item Each pipe
prior fo moulding PU
Raw rhaterial processing tem- °C Thermocouple | Asper manufactur- once orce Once per shift
peratyire er’s recommenda-
tion
Mould temperatureb °C Thermocouple Acceptable range Each item Each item Monitor con-
to be established tinuously and
during PQT record once
per hour
Antic¢rrosion coating surface °C Contact thermom-| Acceptable range Each'item Each item Monitor con-
tempdratureb eter to be established tinuously and
during PQT record once
per hour
Minimum demoulding time s Stop watch Acceptable range Each item Each item Monitor con-
to be established tinuously and
during®QT record once
per hour
Laboratory testing
Densify test kg/m3 IS0 1183 Inaccordance with | Once for PQT Once for PPT | Once per shift
Table 1 at 23°C + 2°C (for GSPU and | (for GSPU and
foam only) foam only)
Tensile strength and elongation MPa 1SO 527 In accordance with Once for PQT N/A N/A
test able 1 at 23°C £+ 2°C
%
Compfessive strength test MPa ISO 844 In accordance with | Once for PQT once for PPT once at pro-
Table 2 at 23°C = 2°C duction start
up
Therrpal conductivity test W/(mK] IS0 8301 Inaccordance with | Once for PQT N/A N/A
Table 1 at 23°C + 2°C
Hydrqstatic test (GSPU) % Annex A In accordance with | Once per PQT N/A N/A
Table 1 at 23°C + 2°C
Mass fatio of glass micre=® % As per Annex] Acceptable range Each item 2 items Once per shift
spherps (GSPU) to be established
during PQT
Glass microspheres’density % As per Annex Acceptable range Each item 2 items Once per shift
after processing*(GSPU) to be established
during PQT
Entrapped air ratio (GSPU) % Asper Annex] Acceptable range Each item 2 items Once per shift
to be established
during PQT
Adhesion pull off test MPa ISO 4624 Acceptable range Each item Each item Per agreement
to be established
during PQT.
Alternatively, shear
tests acceptable if
thickness allows
(testin accordance
with AnnexI)
Final inspection

defin

a  Notapplicable for foams.

ed during PQT.

b In case of massive structure for subsea (typically Christmas trees), the minimum item and mould temperature might be
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Table 6 (continued)
Frequency
Property Units Test method Requirements
PQT PPT Production
Hardness Shore A 1SO 868 within manufactur- Each item Each item Eachitem
or Shore er’s certificate of
D conformity range
Insulation thickness mm Pl tape or elec- As specified Each item Each item Each item
tronic equipment
Concentricity (for pipes only) % Straight edge +10 % of nominal Each item, 8 Each item, 8 Once per shift
ruler or electronic thickness measurements | measurements | (or asappli-
equipment at cable)
cutback area
Ovality (for pipgs only) % Calliper and PI (ODmax-OD min)/ Each item Each item Ist pipegthen
tape ODp tape <2 % every 20th
pipe (dr as
applicgble)
Cutback mm Measurement By agreement Each item Eachitem Each ifem
Removal of relepse agent - Visual Each item Each'item Each ifem
Visual inspecti¢n - Visual Mouldings are free Each item Each item Each ifem
from large air traps,
porosity, debris, knit
lines, cavities and
disbondments at
joints and substrate
interfaces. Cosmetic
surface faults may
be accepted
a  Notappli¢able for foams.
b In case ofjmassive structure for subsea (typically Christmas treesjythe minimum item and mould temperature might be
defined durinf PQT.

9.6.3.2 PU foam application using spray or injection method with extruded polyolefin outer jacket

The insulatipn system shall meet the requiréments of Table 7.

Table 7 — Minimum inspection and testing requirements

Frequency
Property Units Test method Requirements
PQT | PPT | Produiction
Raw material festing (PU - Manufactufer’s data)
Density (polyol Relatiye to Manufacturer within the manufacturer’s certificate of Each Each Each lpatch
water.at 1,0 conformity range batch | batch
Viscosity (Polyql) cPs 1SO 3104 or within the manufacturer’s certificate of Each Each Each lpatch
IS0 3219 conformity range batch | batch
Cream and string tinte s Manufacturer within the manufacturer’s certificate of Each Each Each lpatch
(PU foam) conformity range batch | batch
Isocyanate content % ISO 14896 Within the manufacturer’s certificate of Each Each Each batch
conformity range batch | batch
Raw material testing (polyolefin outer jacket - Manufacturer’s data)
Density kg/m3 1SO0 1183 Within the manufacturer’s certificate of Each | Each Each batch
conformity range batch | batch
MFR g/10 min 1SO 1133 Within the manufacturer’s certificate of Each | Each Each batch
conformity range batch | batch
Carbon black content % Manufacturer Within the manufacturer’s certificate of Each | Each Each batch
(HDPE) conformity range batch | batch
Substrate preparation
Environmental con- °C 1SO 8502-4 Minimum 3°C above dew point Each | Each | Startofeach
ditions and substrate pipe pipe shift
temperature
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Table 7 (continued)
Frequency
Property Units Test method Requirements
PQT PPT Production
Anti-corrosion coating Visual If applicable, abrasion with sand paper grit |Each |Each Each pipe
surface preparation 50 minimum and dust vacuum cleaning pipe pipe
(alternative methods of mechanical surface
preparation may be agreed according to the
anticorrosion layer used)
Coating application
Pipe pre-heat temper- °C Infrared Within manufacturer’s recommendation or | Each Each Twice per
ature pyrometer or within PQT range pipe pipe shift
equivalent
Mix rdtio Ratioby | weight measure- +2 % from manufacturer’s data sheet Once |~Once [|Once per shift
weight ment
Labonatory testing
Density kg/m3 1SO 1183 in accordance with Table 1 at 23°C + 2°C one one ||Once per shift
pipe | pipe
Closed cell content % ISO 4590 Within PQT range one one ||Once per shift
pipe | pipe
Compfessive strength MPa ISO 844 in accordance with Table 1 at 23°C £ 2°C one one Once per
pipe pipe week
Thermal conductivity W/(mK) IS0 8301 in accordance with Tablevl*at 23°C + 2°C one one Once per
pipe pipe week
Final inspection
Insuldtion thickness mm PI tape or elec- as specified Each Each Each pipe
tronic equipment pipe pipe
Insuldqtion cutback mm Tape measure By agreement Each | Each Each pipe
pipe | pipe
Axial fhear test MPa EN 253 Cohesive break within foam One One || by agreement
pipe | pipe
Polyolfin jacket thick- mm Callipers as specified Each | Each Each pipe
ness (pn cutback area) pipe pipe
9.6.4 Silicone insulation systems
Silicgne insulation systems shall only be applied over an anti-corrosion coating.
It may be castin place of-applied as pre-cast forms with thickened uncured material used as pn adhesive.
The insulation system shall meet the requirements of Table 8.
Table 8 — Minimum inspection and testing requirements for silicone
Frequency
Property Unit Test method Requirements
PQT | PPT Production
Raw material testing (Manufacturer’s data)
Viscosity cPs [SO 2884 Within the manu- Each batch Each batch Each batch
facturer’s certifi-
cate of conformity
range
Gel time min Manufacturer Within the manu- Each batch Each batch Each batch
facturer’s certifi-
cate of conformity
range
Hardness of cured system Shore A ISO 868 Within the manu- Each batch Each batch Each batch
facturer’s certifi-
cate of conformity
range
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Table 8 (continued)
Frequency
Property Unit Test method Requirements
PQT PPT Production
Specific gravity kg/m3 1SO 1183-1 Within the manu- Each batch Each batch Each batch
facturer’s certifi-
cate of conformity
range
Tensile properties (modulus, MPa 1SO 37 Within the manu- Each batch Each batch Each batch
elongation at break, tensile 0 facturer’s certifi-
strength at break) % cate of conformity
range
Density (glass rpicrospheres) g/cm3 Manufacturer Within the manu- Each batch Each batch Eac%k‘) htch
facturer’s certifi- '\
cate of conformity Q
range .q/
Crush strength|(glass micro- MPa Manufacturer Within the manu- Each batch Each bat@'lb(o * Each bhtch
spheres) facturer’s certifi- /\
cate of conformity (1/
range . '\
Substrate preparation U
A4
Environmentaljconditions and °C ISO 8502-4 Minimum 3 °C above Each item $\ " Eachitem Start offeach
substrate tempgrature dew point . O shifft
Anti-corrosion foating surface visual If applicable, Ea@{m Each item Each ifem
preparation abrasion with
sand paper grit 50 Q
minimum and dust 0\\
vacuum cleaning Q\
(alternative met@
ods of mech@
surface preparation
may b eed
accor; to the
anticorrosion layer
\O used)
Adhesion pronhoter application e
Over coating tithe min - C)\\ Time check in Each item Each item Eachifem
. accordance with
¢ manufacturer’s
o) recommendation
Visual appearance C)\V’isual Within manufactur- Each item Each item Eachifem
. er’s recommenda-
(D tion. Comparative
\% visual test panels
from PQT.
5N
Silicon applicajtion Oy
Mix ratio "*\Qatio by | Weight measure- |5 % from manufac- One item One item Once pef shift
Q weight ments turer’s data sheet. or at start of
s each pofyiring.
Verification of faw tﬂ\tXrial Visual Cured 0,51 Good mixing. No air, | Start of PQT Start of PPT Start of|leach
properties by arl’ hot” (approximately) no discolouration shi(It
flAC\:‘l IIIdsS S aalup}c fl UIIT Lllllll;ACC‘l CUIIT
at23°C ponents, etc.
Visual inspection of the mould Visual Clean Each pipe Each pipe Each item
Laboratory testing
Density kg/m3 1SO 1183 In accordance with Once Once Once per shift
Table 1 at 23°C + 2°C
Tensile strength and elonga- MPa IS0 37 In accordance with One test N/A N/A
tion at break % Table 1 at 23°C + 2°C
0
Compressive Strength MPa ISO 844 In accordance with Each pipe N/A N/A
Table 2 at 23°C + 2°C
Adhesion (pull off) MPa ISO 4624 As agreed during Each item Each item By agreement
PQT
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Table 8 (continued)
Frequency
Property Unit Test method Requirements
PQT PPT Production
Thermal conductivity W/(m.K) [SO 8301 In accordance with Once Once N/A
Table 1 at 23°C + 2°C
Compressive strength test MPa ISO 844 In accordance with | Once for PQT once for PPT once at pro-
Table 2 at 23°C £ 2°C duction start
up
Final inspection
Hardness Shore A 1SO 868 In accordance with Each item Each item Each item
Table TatZ3 CXZ°C
Insuldtion thickness mm PI Tape or elec- As specified Each item Each item Each item
tronic equipment
or vent port
Concentricity (for pipes only) % Straight edge +10 % of nominal Each pipe, 8 Each pipe, 8 Once per shift
ruler or electronic thickness measurements,{ measurements || (where appli-
equipment at cable)
cutback area
Ovalify (for pipes only) % Calliper and PI (OD max-0D min)/ Eacli pipé Each pipe 1st pipe then
tape ODpitape <2 % every 20th
pipe (where
applicable)
Cutbakk mm Tape Measurement By agreement Each item Each item Each item
Visual inspection Visual and optical | Free of voids\blis- Each item Each item Each item
microscope ters and separation
from parentcoating.
Cosméti¢ surface
faults may be
accepted
9.6.3 Rubber insulation systems
9.6.3.1 General
Multj-layer rubber insulation systems may consist of:
— Dbonding primer(s);
— gorrosion protection/thermal barrier inner layer;
— thermal insulationlayer (i.e. pre-vulcanised half shells);
— 1Inechanicakprotection outer layer.
Rubber insulation systems may be applied directly onto steel or on top of a corrosion coating.

9.6.53.20 Rubber coating on steel

The insulation system shall meet the requirements of Table 9.

Table 9 — Minimum inspection and testing requirements for rubber on to steel

Property

Unit

Test method

Requirements

Frequency

PQT

PPT

Production

Raw material testing (Manufacturer’s data)

a  Middle layer only, due to the difficulty of machining proper samples from thin inner and outer layer.
b Middle and outer layer only, due to the difficulty of machining proper samples from thin inner layer.

¢ A test duration of 48 h instead of 28 days may be used for PPT and production testing provided the temperature is
increased to 65°C and a comparison of results is performed during PQT.
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Table 9 (continued)
Frequency
Property Unit Test method Requirements
PQT PPT Production
Vulcanisation Characteristics Nm ISO 6502 (Rheom- | According to man- |Each batch Each batch Each batch
eter) ufacturer’s certifi-
cate of conformity
range
Hardness Shore A 1SO 7619-1 According to man- |Each batch Each batch Each batch
orD ufacturer’s certifi-
cate of conformity
range
Density g/cm3 ISO 2781 According to man- |Each batch Each batch Each bafch
ufacturer’s certifi-
cate of conformity
range
Substrate prefjaration
Environmentaljconditions and °C 1SO 8502-4 Minimum 3 °C Each item Eaclritem Start offeach
substrate tempgrature above dew point shift
Steel surface inppection prior Visual inspection No mill imperfec- Each item Each item Each item
to blasting tions. (Such as sliv-
ers, scabs, burrs,
weld spatter)
Cleanliness grafle Sa IS0 8501-1 Grade Sa 2% Each item Each item Each ifem
Surface profile Grade |ISO8503-1 Compara-| Medium grade (G) Each item Each item Each item
tive method and compatible
with pipeline steel.
Rubber primey application
Environmentalfconditions and °C 1SO 8502-4 Minifmnm 3 °C Each item Each item Each ifem
substrate tempgrature above dew point
Over coating tirpe min - Time check in Each item Each item Each item
accordance with
manufacturer’s
recommendation
Visual appearance Visual Within manufactur- Each item Each item Each item
er’srecommenda-
tion. Comparative
visual test panels
from PQT.
Rubber application
Vulcanization tfmperature °C Contact thermom- | According to manu- | Each item mon- | Each item mon- | Each item
eter facturer procedure itored itored monit¢red
or acceptable range
to be established
during PQT
Vulcanization t{me min Stop watch Acceptable range Each item Each item Each ifem
to be established
during PQT
Vulcanization pressure MPa Manufacturer Acceptable range Each item Each item Each item
(where applicable) specific to be established
during PQT
Laboratory testing
Thermal conductivity W/(m.K) 1SO0 8301 In accordance Oncea Oncea N/A
with Table 1 at
23°C +2°C @)

a  Middle layer only, due to the difficulty of machining proper samples from thin inner and outer layer.

b Middle and outer layer only, due to the difficulty of machining proper samples from thin inner layer.

¢ A test duration of 48 h instead of 28 days may be used for PPT and production testing provided the temperature is
increased to 65°C and a comparison of results is performed during PQT.
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Cosmetic faults may

be accepted

Table 9 (continued)
Frequency
Property Unit Test method Requirements
PQT PPT Production
Specific heat capacity J/g.K 1SO 11357 In accordance Once 2 Once a N/A
with Table 1 at
23°C+2°C
Tensile strength and elonga- %; MPa ISO 37 In accordance Onceb Onceb N/A
tion at break with Table 1 at
23°C+2°C
Tear strength N/mm 1SO 34 Within manufac- Once b Once b N/A
turer’s certificate of
conformity range
Densify g/cm3 1SO 2781 According to man- Once Onge N/A
ufacturer’s certifi-
cate of conformity
range
Cathofdic disbondment mm ISO 21809-1:2011, | 28daysat23°C<7 Once Once ¢ By agreement
Annex H c
Adhedion test/ peel test on N/mm 1SO 813 Acceptable range Each vulcanization bgtch
test pJate / testarea / cut to be established
back qrea during PQT
Finalfinspection
Hardness Shore A ISO 7619-1 In accordance Each item Each item Each item
with Table T\at
23°C+22C
Total nsulation thickness mm PI Tape or electronic as speeified Each item Each item Each item
equipment
Concentricity (for pipes only % Straight edge ruler | +10"% of nominal Each item, 8 Eachitem, 8 || Once every 20
or electronic equip- thickness measurements | measurements|| pipes (oras
ment at cutback area applicable)
Ovality (for pipes only) - Calliper and Pl'tape (ODmax-ODmin) / Each item Each item 1st pipe then
ODpitape <2 % every 20th
pipe (or as
applicable)
Cutbakks Visual By agreement. Each item Each item Each item
Tape measurement No disbondment
between layers or
defects/voids
Visual inspection Visual Free from defects. Each item Each item Each item

b

c A

a middle layer only;, due to the difficulty of machining proper samples from thin inner and outer layer.
iddle and outerlayer only, due to the difficulty of machining proper samples from thin inner layer.

test duration of 48 h instead of 28 days may be used for PPT and production testing provided the t
increpsed,t§;65°C and a comparison of results is performed during PQT.

Pmperature is

9.6.5:3—Rubbercoatingomrothrer materiats

The insulation system shall meet the requirements of Table 10.

Table 10 — Minimum inspection and testing requirements for rubber on to other materials

Frequency
Property Unit Test method Requirements
PQT | PPT Production
Raw material testing (Manufacturer’s data)
a  Middle layer only, due to the difficulty of machining proper samples from thin inner and outer layer.
b Middle and outer layer only, due to the difficulty of machining proper samples from thin inner layer.
© ISO 2014 - All rights reserved 27


https://standardsiso.com/api/?name=9ff6f6b520ef4b1c6349362c07677933

IS0 12736:2014(E)

Table 10 (continued)

certificate of conform-
ity range

Frequency
Property Unit Test method Requirements
PQT PPT Production
Vulcanisation Charac- Nm IS0 6502 According manufac- |Each batch Each batch Each batch
teristics (Rheometer) turer’s certificate of
conformity range
Hardness Shore A ISO 7619-1 According to manufac- | Each batch Each batch Each batch
turer’s certificate of
conformity range
Density kg/m3 1SO 2781 According to manufac- | Each batch Each batch Each batch
turer’s certificate of
conformity range
Substrate pregaration
Environmentaljcon- |°C 1SO 8502-4 Minimum 3 °C above Each item Each item Start of dach
ditions and subfptrate dew point shift
temperature
Surface conditipns Visual inspec- | No oil, grease or simi- Each item Each item Each it¢gm
prior to blasting tion lar contaminations
Substrate surface Visual If applicable, abrasion Each item Each'item Each it¢gm
preparation with sand paper grit
50 minimum and
dust vacuum cleaning
(alternative methods
of mechanical surface
preparation may be
agreed according to
the anticorrosion layer
used)
Rubber primey application
Environmentaljcon- °C 1SO 8502-4 Minimum 3 °C aboye Each item Each item Each itgm
ditions and subftrate dew point
temperature
Over coating tirpe min - Time check in"accord- Each item Each item Each it¢gm
ance with manufactur-
er’'stécommendation
Visual appearance Visual Within manufactur- Each item Each item Each it¢gm
er’s recommendation.
Comparative visual
test panels from PQT.
Rubber application
Vulcanization tgmper- °C Contact ther- Acceptable range to Each item moni- Each item moni- | Eachitemmon-
ature fmometer couple | be established during tor-red tor-red itored
PQT
Vulcanization t{me min Stop watch Acceptable range to Each item Each item Each it¢gm
be established during
PQT
Vulcanization MPa Manufacturer Acceptable range to Each item Each item Each it¢gm
pressure (wherp specific be established during
applicable) PQT
Laboratory testing
Thermal conductivity | W/(m.K) 1SO0 8301 In accordance with Oncea Oncea N/A
Table 1 at 23°C + 2°C
Specific heat capacity J/kg.K ISO 11357 In accordance with Oncea Oncea N/A
Table 1 at 23°C + 2°C
Tensile strength and %; MPa IS0 37 In accordance with Onceb Onceb N/A
elongation at break Table 1 at 23°C £ 2°C
Tear strength N/mm ISO 34 Within manufacturer’s Onceb Onceb N/A

a  Middle layer only, due to the difficulty of machining proper samples from thin inner and outer layer.

b Middle and outer layer only, due to the difficulty of machining proper samples from thin inner layer.
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Table 10 (continued)
Frequency
Property Unit Test method Requirements
PQT PPT Production
Density g/cm3 1SO 2781 According to manufac- Once Once N/A
turer’s certificate of
conformity range
Adhesion test/ peel N/mm 1SO 813 Acceptable range to |Each vulcanization | Each vulcanization| Each vulcaniza-
test on test plate be established during batch batch tion batch
(from corresponding PQT
substrate)
Final inspection
Hardness Shore A ISO 7619-1 In accordance with Each item Each item Each item
Table 1 at 23°C £ 2°C
Total |nsulation mm PI Tape or as specified Each item Each item Each item
thickpess electronic equip-
ment
Concentricity (for % Straight +10 % of nominal Each item, 8 meas- | Each item, 8 meas- | [Once every 20
pipes pnly edge ruler or thickness urements urements pipes (or as
electronic equip- applicable)
ment at cutback
area if possible
Ovalify (for pipes - Calliper and PI | (ODmax-ODmin) / ODp1- Each item Each item 1st pipe then
only) tape tape <2 % ¢very 20th pipe
(¢r as applicable)
Cutbakks Visual By agreement. Each item Each item Each item
Tape measure- No disbondment
ment between layers of
defects/voids
Visual inspection Visual Free from-defects. Each item Each item Each item
Cosmetigcfatlts may be
accepted
a middle layer only, due to the difficulty of machining proper samples from thin inner and outer layer.
b iddle and outer layer only, due to the difficulty of machining proper samples from thin inner layer.
9.6.6 Epoxy insulation systems
Epoxly insulation systems shall only be applied over an anti-corrosion coating.
The insulation system shall meet the requirements of Table 11.
Table 11"+~ Minimum inspection and testing requirements for epoxy systems
Frequency
Property. Unit Test method Requirements
PQT PPT | Production
Raw material testing (Manufacturer’s data)
Wetd ..ua;ty ‘l\s/’luQ 156268+t Withirthemanufacturer Orreefor N/’A Each batch
certificate of conformity PQT
range
Gel time of system h 0,51 massat23°C | Within the manufacturer | Each batch N/A Each batch
certificate of conformity
range
Hardness of cured Shore A/D ISO 868 Within the manufacturer | Each batch Each batch Each Batch
system certificate of conformity
range
Density (glass micro- kgm3 Manufacturer Within the manufacturer’s | Each batch Each batch Each batch
spheres) certificate of conformity
range
Crush strength (glass MPa Manufacturer Within the manufacturer’s | Each batch Each batch Each batch
microspheres) certificate of conformity
range
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Table 11 (continued)

Frequency
Property Unit Test method Requirements
PQT PPT Production
Hydrostatic Compres- MPa In accordance with within manufacturer’s Once for N/A As agreed
sion Annex A original tolerances PQT
Substrate preparation
Environmental con- |°C 1SO 8502-4 Minimum 3 °C above dew | Each item Eachitem |Startof each shift
ditions and substrate point
temperature
Anti-corrosion Visual If applicable, abrade with | Eachitem Each item Eachitem
coating surface Sandpaper grit 50 and dust
preparation vacuum cleaning. Alterna- b‘
tive methods of mechan- '\
ical surface preparation (19
may be agreed according A
to the anticorrosion layer ())()
used. ‘A/\ g
Epoxy applicatlion l/
Mix ratio Ratio by Weight measure- As per manufacturer’s O
weight ment recommendation with a %
maximum of + 5 %. g\
Verification of faw Visual Cured 0,5 1 fixed Good mixing. No air, Start (QQ(T) Start of PPT |Start of each shift
material properties mass sample at 23 °C| no discolouration from
by a "cup shot” unmixed components, etc. OQ
Visual inspecti¢n of Visual - Clean, with no debris :%E}ch Item Each item Each itgm
mould prior to filling K\)
Mould temperafure °C Thermocouple Acceptable rang @ Each Item Each item Each itgm
established duri T
Exotherm tempjera- °C Thermocouple Acceptable@e to be One item One item N/A
ture during mofyilding establistﬁ ring PQT
The exotherm should be
chec&(@at the centre of
the maximum thickness
\.\C) during cure
Laboratory tedting C)\
Cured density kg/m3 IS0 1183 * |Inaccordance with Table 1| Once for | Everybatchof| Once per §hift
o) at 23°C +2°C PQT raw material
Glass transitior] tem- °C ISO W—Z In accordance with Table 1| Once for | Every batch of | Atagreed inter-
perature Ial at 23°C £+ 2°C PQT raw material vals
\J
Mass ratio of glaiss % % per Annex ] Acceptable range to be Each item 2 items Once per $hift
microspheres (;3\ established during PQT
-
Glass microsphgres % Q As per Annex] Acceptable range to be Each item 2 items Once per $hift
density after prjo- Q‘ established during PQT
cessing A\
Entrapped air rptio M As per Annex | Acceptable range to be Each item 2 items Once per $hift
Y. ‘?\ established during PQT
Tensile strength @\ MPa 1SO 527 In accordance with Table 1| One test N/A N/A
elongation at bilea . at 23°C + 2°C
0
Adhesion MPa ISO 4624 Pull off test > 5 MPa or Each item Each item Atagreed inter-
acceptable range to be vals
established during PQT
Thermal conductivity |  W/(m.K) 1SO 8301 In accordance with Table 1| Once for | Every batch of N/A
test at23°C+2°C PQT raw material
Hydrostatic Compres- MPa In accordance with |Inaccordance with Table 1| Once for | Every batch of N/A
sion Annex A at23°C £ 2°C PQT raw material
Final inspection
Hardness Shore D 1SO 868 in accordance with Table 1| Each item Each item Each item
at 23°C £ 2°C
Insulation thickness mm Pl tape as specified Each item Each item Each item
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Table 11 (continued)
Frequency
Property Unit Test method Requirements
PQT PPT Production
Concentricity (for % Straight edge ruler +10 % of nominal thick- Each item Each item Once per shift (or
pipes) or electronic equip- ness as applicable)
ment at cutback area
Ovality (for pipes) % (ODmax-ODmin)/ODpi- Each item Each item 1st pipe then
tape <2 every 20th pipe
(or as applicable)
Cutback mm Tape measurement By agreement Each item Each item Each item
VisuaJTnspection Visual Mouldings are Iree irom | Each Item Each1tem Each item
large air traps, porosity,
debris, knit lines, cavities
and disbondments at
joints and substrate inter-
faces. Cosmetic surface
faults may be accepted

9.6.7

Phenolic insulation systems

Phenplic insulation systems shall only be applied over an anti-corrosion coating.

Syntactic phenolic resin-based insulation generally comprises individual material layers:

— 4 tie coat that provides a tacky interlayer to hold the syntactic foam core material and o give good

ond integrity to the substrate. The tie coat shall be applied to an anti-corrosion coatirg;

henolic insulation foam consisting of microspheres dispersed and supported withih a phenolic

esin matrix. For regular shapes such as piping-and large planar surfaces, the material |s applied as
omplete pieces in the form of pre-formed tilées. Specified thicknesses are built up by applying tiles

yer upon layer using tie coat to facilitate interlayer adhesion. For irregular shapes guch as tees,
langes or sections with change in cross-=section, the material is applied by cutting consglidated tiles

to shapes as

required;

— ¢omposite top coat that provides an impact resistant, hard wearing outer skin;

— fllow coat of catalysed resifi

The insulation system shallmeet the requirements of Table 12.

Table 12 —Minimum inspection and testing requirements for phenolic systems

Frequency
Property Unit Test method Requirements
PQT PPT Production

Raw mhateriabtesting (Manufacturer’s data)
Densify{(fermulated kg/m3 1SO0 1183 Within the manufac- Each batch Each batch Daily
systema} turer’s certificate of

conformity range
Hardness (formulated Shore D ISO 868 within manufactur- Each batch Each batch Each batch
system) er’s certificate of

conformity range
Reactivity (formulated h Manufacturer | Within the manufac- Each batch Each batch Each batch
system) turer’s certificate of

conformity range
Glass microspheres kg/m3 Manufacturer’s Within manufac- Each batch Each batch Each batch
density method turer’s certificate of

conformity range
Crush strength glass MPa Manufacturer’s Within manufac- Each batch Each batch Each batch
microspheres method turer’s certificate of

conformity range
Substrate preparation
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Table 12 (continued)

Frequency
Property Unit Test method Requirements
PQT PPT Production
Environmental con- °C ISO 8502-4 Minimum 3 °C above Each item Each item Start of each
ditions and substrate dew point shift
temperature . .
Ambient air temper-
ature: between 15°C
and 40°C
Substrate tempera-
ture: between 15°C
and 40°C
Relative humid- b‘
ity: <90 % (\'\
Anti-corrosion foating - visual If applicable, abrade Each item Each item | ,(]ﬁach it¢gm
surface prepardtion with sandpaper grit (O N
50 and dust vacuum (b
cleaning. Alterna- (1//\
tive methods of r\
mechanical surface
preparation may be O
agreed according to \%
the anticorrosion ‘\
layer used. , O
Adhesion pronhoter application <'§(
Vv
Wet film Thickijess microns [ISO 2808:2007, 150 - 300 Each{% Each item Each it¢gm
method 1A Comb \
gauge QO
Over coating tithe min - Time check in \Q%ach item Each item Each it¢m
accordance with \
manufacturer'sQ;
recommendat'{@
Degree of Tack Manual - According ﬁan— Each item Each item Each it¢m
ufacturei(gsecom-
‘mfs}d,atlons
Phenolic appli¢ation r\\
Mix ratio Ratio by | Calibrated weight | fl\sjper manufactur- Each batch Each batch Each bafch
weight er’srecommendation
with a maximum
r‘O of 2%
N4
Efficacy of blenfling @Jal Uniform colour to be Each mix Each mix Each mjix
Ca achieved
-~
Cure time for edch Shore 00 %\ IS0 868 Acceptable range Each layer Each layer Each layer
individual layey to be established
Q. during PQT
]
Interlayer adhepion Qgs Manufacturer |Acceptable range Each item Each item As agreed
test (pull off te4t) on specific to be established
test plates N during PQT
Visual inspectign '\ Visual Look for defects, Each item Each item Each item
% voids, bubbles
between layers
Top skin
Mix ratio Ratio by | Calibrated weight | as per manufactur- Each item Each item Each item
weight er’srecommendation
with a maximum
of+2%
Glass mat wetting Visual Free from voids, dry Each item Each item Each item
mat or air pockets
Hardness Shore D ISO 868 Acceptable range Each item Each item Each item
to be established
during PQT

Top coat application
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ment

Frequency
Property Unit Test method Requirements
PQT PPT Production
Wet film thickness microns IS0 2808:2007, 150-300 Each item Each item Each item
method 1A Comb
Gauge
Laboratory testing
Density test kg/m3 [SO 1183 In accordance with Each batch Each batch At agreed inter-
Table 1 at 23°C + 2°C vals
Thermal conductivity W/(mK) IS0 8301 In accordance with Each batch Each batch At agreed inter-
Table Tat 23 CxZ°C vals
Tensile strength and MPa ISO 527 In accordance with Each batch Each batch At agreed inter-
elongftion at break o Table 1 at 23°C + 2°C vals
0
Compfession strength ISO 844 In accordance with Each batch Eachbatch NA
Table 2
Adhedion pull off test MPa ISO 4624 Acceptable range Each item Each item Per agreement
to be established
during PQT
Hydrdgstatic compres- Annex A In accordance with Each batch Each batch NA
sion Table 1 at 23°C £ 2°C
Finaljfinspection
Hardness Shore D ISO 868 In accordance with Each batch Each batch Each batch
Table 1 at 23°C + 2°C
Insuldtion Thickness mm Inspection ports As specified Each part Each part Atagreed inter-
(dry) (minimum of four vals
ports per m2)
Visual inspection Visual Look fordefects, Each item Each item Each item
voids$/bubbles
bétween layers
Cutbakk mm Tape measure- By agreement Each item Each item Each item

9.7 | Final documentation

The applicator shall provide the following documentation:

— et insulation system design report;

— 3pplication procédures including repairs;

— ITP;

— (qualifieation test report and records in accordance with this International Standard;

— 1nanufacturing inspection report and records in accordance with this International Stgndard;

— raw material technical and safety data sheets;

— raw material certificates;

— tally records and/or finished goods reports.

10 Requirements for field joints

10.1 General

This clause defines the minimum requirements for qualification, application process, and final overall
performance of the field joint coating system for wet thermal insulation coating.

© IS0 2014 - All rights reserved
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Selection and application of the field joint coating should be inaccordance with ISO 21809-3 where applicable.
The functional requirements of the field joint coating are to:

— provide corrosion protection (as per 6.3);

— provide contribution to overall thermal insulation;

— be suitable for all phases of pipe fabrication and pipe lay;

— be suitable for the service environment for the design life;

: 11 pa | 1 L 1. 1 -
— remain parrereatotire factoryapprreacoatmg:

10.2 SpecOi](ic information relevant for field joint design and qualification

For field joiints the following should be considered to ensure the quality and wmélevance of the
qualification test:

— pipe layjmethod (S lay, | lay, reeling);

— mecharfical stress during laying;

— cutbackldesign;

— field joipt arrangement (collar, maximum OD, etc.);

— wet thefmal insulation coating (including thickness tolerance);

— requirefd mechanical protection.

10.3 Qualification requirements

The insulatjon layers or materials used for-the field joint system shall comply with the rel¢vant
requirements of Clauses 6, 7, 8 and 10.

All parametgrs for the testing, such as maximum rated temperature, pressure and test parameters for
Clause 8, shall be specified by the field joint designer.

10.4 Qualification of operators

Qualificatioh of operators§hall be in accordance with 9.2.

10.5 Field|joint coating APS/PQT/PPT

Field joint copatifnigiapplication process and quality control shall comply with the requirements of 9.8, 9.4
and 9.5.

PPT shall be carried out at field joint construction location.

PQT/PPT tests shall be carried out on representative factory coated pipes having the same diameter and
thickness as the production pipes.

NOTE Rejected pipe or pipe that has been used for other testing (e.g. welding qualification) is not considered
representative.

Tests shall be carried out on test zones distributed along a pipe coated with the actual parent (plant-
applied) coating. The length of the test zones shall be equivalent to the field joint coating length. If a
weld is not present, a circumferential cap weld shall be added at the centre of each of the test zones to
simulate the field weld. Unless otherwise specified, at least three test zones shall be coated.

Mainline, anode and stalk tie-in procedures shall be considered in the qualification program.
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Special joints or specific joint design shall be considered in the qualification process.

All tools and equipment (e.g. for induction heating, abrasive blasting, coating application and inspection)
to be used for PQT/PPT shall be of the same type as those to be used for the actual field joint coating.

Coating repairs and stripping of defective F]JC shall be included in PQT (except if coating repairs are
not allowed).

The time for coating application during PQT shall be consistent and repeatable with the estimated field
joint coating time in the field. Any significant differences in the PQT environment compared to actual
production conditions should be considered, e.g. number of work stations, similarities or differences in

lifti

o equinment
O I I

The 4

10.6

10.6

An i1
ther]

The

q

q

7NN

pplicator shall submita complete report ofthe PQT and PPT testresults to the purchaser
Production tests

1 Polypropylene field joint using injection moulded technique

jection moulded polypropylene field joint shall comply with the régquirements of ISO
equirements of Table 13.

foating consists of three layers:

in epoxy resin layer, applied in the form of powder by flocking or by electrostatic spray

form applied by spraying;

| layer of modified PP powder applied by spraying'(used as adhesive);

in insulation layer of PP applied by injection into a mould; injection may be p¢
uccessive mouldings:

— intermediate moulded sections in€luding free end(s);

— field joint between previously'moulded sections and/or parent coating.

Table 13 — Polypropylene field joint using injection moulded technique

for approval.

1809-3 and

,or in liquid

brformed in

Frequency
Property Unit Test method Requirements
PQT | PPT | Production
Raw material testing (Manufacturer’s data)
Densify kg/m3 1SO 1183 Within the manufacturer’s | Each batch | Each batch Each batch
certificate of conformity
MFR grams per [SO 1133 Within the manufacturer’s | Each batch | Each batch Each batch
10 min certificate of conformity
PP application parameters
Chamfer and overlap °C/min Applicator’s method Acceptable range to be Once Once Each joint
preheat temperatures established during PQT
and dwell time
PP injection temper- °C Applicator’s method Acceptable range to be once Once Each joint
ature established during PQT
Injection pressure MPa Applicator’s method Acceptable range to be Once Once Each joint
established during PQT
Hold time/hold pres- min/MPa Applicator’s method Acceptable range to be Once Once Each joint
sure established during PQT
Minimum demould min Applicator’s method Acceptable range to be Once Once Each joint
time established during PQT
Quenching time min Applicator’s method Acceptable range to be Once once Each joint
established during PQT
Laboratory testing
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Table 13 (continued)

Frequency
Property Unit Test method Requirements
PQT PPT Production
Density kg/m3 [SO 1183 In accordance with Table 1 | 3 joints 3 joints By agreement
at23°C +2°C
Peel test N/mm 1SO 21809-1 On steel: in accordance 3 joints 3 joints N/A
with ISO 21809-1 for 3LPP
On overlap: cohesive
failure
Adhesion with parent MPa ISO 527 Cohesive failure after 3 joints 3 joints N/A
coating (field joftyand Tensile tests
previously moullded
section (intermgediate
moulding)
Thermal condugtivity W/(m.K) IS0 8301 In accordance with Table 1 | 3 joints N/A N/A
at23°C +2°C
Compressive stfength MPa ISO 844 In accordance with Table 1 | 3 joints N/A N/A
at23°C+2°C
Tensile strength and MPa/% IS0 527 In accordance with Table 1 | 3 joints N/A N/A
elongation at bijeak at 23°C+ 2°C
Bend test Annex B In accordance with 8.2.3 3joints N/A N/A
Sectioning of fi¢ld joint Cut open one joint. By agreement 3 joints N/A N/A
Look for voids and
defects (such as
unfused knit line and
air entrapment).
Cathodic disbojpdment 1SO 21809-1:2011, X Once per
test mm Annex H In accordance with Table 3 PQT By agreement N/A
Final inspectign
Overall Coating|Visual - Visual Freefrom blisters, voids, | Each joint Each joint Each jojnt
cratks, disbondment and
irregularities
Overlap length [field mm Calibrated rule 50 mm minimum Each joint Each joint Each jojnt
joint)
Overlap thickngss mm Vernier andistraight As specified Each joint Each joint Firstjont
(field joint) edge
Thickness contfol mm Measurement with As specified Each joint Each joint Firstjofnt
(intermediate rhould- PI fape‘or electronic
ing) equipment
Concentricity (inter- % of nominal{ Straight edge ruler or +10 % Each joint Each joint Firstjofnt
mediate moulding) thickness ) | electronic equipment
at cutback area
Cutback (intermediate mm Straight edge ruler As specified Each joint Each joint Firstjojnt
moulding)
10.6.2 Polyurethane field joint using casting technique

A cast polyurethane joint consists of:

— anti-corrosion coating (liquid epoxy or fusion bonded epoxy);

— adhesion promoter (if applicable);

— insulation layer of polyurethane.

A cast polyurethane field joint shall comply with the requirements of Table 14.
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Table 14 — Polyurethane field joint using casting technique

Frequency
Property Unit Test method Requirements
PQT PPT Production
Raw material testing (Manufacturer’s data)
Density (polyol) Relative to Manufacturer within the manufacturer’s | Each batch | Each batch Each batch
water at 1,0 certificate of conformity
range
Viscosity (polyol) cPs ISO 3104 or ISO 3219 | within the manufacturer’s | Each batch | Each batch Each batch
certificate of conformity
range
Gel tifne of mixed sys- min Manufacturer within the manufacturer’s | Each batch| Each batch Each batch
tem (jpolyol + Iso) certificate of conformity b'»
range (\'\
oy Ny
Hardness of cured Shore A or ISO 868 within the manufacturer’s | Each batch | Each tldtch Each batch
systein (polyol + Iso) Shore D certificate of conformity 26 N
range /\(b
A}
Isocyanate content % 1SO 14896 Within the manufacturer’s | Each bar{h]/ Each batch Each batch
certificate of conformity
range O
Steel surface preparation ¢ \J
N
Substrate temper- °C 1S0 8502-4 3°C above dew poi O startot Start of PPT || Eachjoint
ature N PQT
Clean}iness of blast 4
- [SO 8501-1 SA 2% 3 joints 3 joints Each joint
cleang¢d surface N
N ioi
Surfage profile Segment 1S0 8503-1 é‘m 4 3 joints 3 joints Istjoint then
A pvery 20th joint
AN —
Dust lpvel Class and 1S0 8502-3 2 3joints | 3joints || Lstiointthen
size pvery 20th joint
&
Liquifl epoxy application A\
Substfate pre-heat o O Acceptable range to be - . .
tempdrature C Contact therm(@é&r established during PQT 3 joints 3 joints Each joint
\\\) Ratio and tolerance Start of
Epoxy mix ratio - Weight \Qrﬁication according to Manufacturers PQT Start of PPT Each shift
a c. recommendation
N
Epoxyf application - r\% Visual Full even coverage 3 joints 3 joints Each joint
NS crs )
Epoxyf thickness Microns C) 1SO 2808 Within manufact}lrer s 3 joints 3 joints Each joint
. recommendation
Epoxyf cure temper- o Acceptable range to be . . .
ature cg\ Infrared established during PQT 3 joints 3 joints Each joint
S . Acceptable range to be . . .
Epoxyf curing time <g~ min established during PQT 3 joints 3 joints Each joint
Prepdration fol@‘ng application of fusion bonded epoxy (see ISO 21809-3)
Envirpnmen n- °C 1SO 8502-4 . o Each item Each item Each item
diti Minimum 3 °C above dew
itionls an& strate .
point
tempdrédtuye
Anti-corrosion - - If applicable, abrade with 3 joints 3 joints Each joint
coating surface sandpaper grit 50 and dust
preparation vacuum cleaning. Alterna-
tive methods of mechanical
surface preparation may be
agreed.
Adhesion promoter application (Sometimes adhesion promoter is applied directly to the steel)
Surface pre-heat o Acceptable range to be . . .
temperature C Contact thermometer established during PQT 3 joints 3 joints Each joint
Cure time check in accord- Start of
Pot life min stop watch ance with manufacturer’s PQT Start of PPT Each shift
recommendation
Within manufacturer’s rec-
Visual appearance - Visual ommendation. Comparative | 3 joints 3 joints Each joint
visual test panels from PQT.
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Table 14 (continued)
Frequency
Property Unit Test method Requirements
PQT PPT Production
. Ratio and tolerance
Ac.lhesu.)n promoter Weight verification according to Manufacturers Start of Start of PPT Each shift
mix ratio X PQT
recommendation
Preparation of parent applied insulation
Inspection of parent Free from oil, grease, dust,
P ‘P - Visual debris, other contamination| 3 joints 3 joints Each joint
applied coating
and defects
Parent applied
coating surface b‘
preparation (al] par- - Visual Abrasion of chamfer area 3 joints 3 joints é}\h jdint
ent applied insylation (]/
systems) .
7/
Surface treatm¢nt /&
(PP applied coafing Dynes Surface treatment pens > 45 3 joints 3 jqnlt/ Eachjqint
only) N
Post surface trgat- (-O
ment inspection B . No wax formation on the PP L o JET -
(PP parent applfied Visual chamfer and overlap area 3 ]om%s\\‘ 3 joints Each jdint
coating only) . O
Polyurethane application («
Verification of faw No air, no discoloration ( v
materials propgrties Visual from unmixed compone 3 joints 3 joints Eachjqint
by a “cup shot” etc. K
o Acceptable ra QD be 3 joints 3 joints Eachjqint
Mould temperafure C Thermocouple established dwiing PQT
Mix ratio - Weight measurement of as per acturer’s Startof | Startof PPT Each shift
each component recom ation with a PQT
maximum of 2 %.
£
Minimum demduld . ccerding to manufactur- 3 joints 3 joints Each jqint
. min Stopwatch ) -
time L JeSer’s recommendation
Laboratory teqting ()\
. . - In accordance with Table 1 | Once for
3
Density kg/m ISO 1'1\ at 23°C + 2°C PQT By agreement | By agreement
\ In accordance with Table 1 | Once for
Thermal conduftivity | W/(mK) ,\1@301 4t 235C + 2°C PQT By agreement N/A|
Tensile strength and MPa ) In accordance with Table 1 | Once for
elongation at bjeak % ,\\% 180527 at23°C+2°C PQT By agreement N/A
7 .
. <> In accordance with Table 1 | Once for
compressive stfength MPa\Q~ 1SO 844 at 23°C + 2°C PQT By agreement N/A
Cathodic disbond- 1SO 21809-1:2011, . Once per
ment : Annex H In accordance with Table 3 PQT By agreement N/A
Y
Final Inspectign ¢ ?‘
N
% Free from blisters, voids,
Visual = Yisuat Tracks, disbomdnrerntamd 3 juium 3 jUillLb Fachr juint
irregularities
Hardness Shore A or ISO 868 V."‘.th‘“ manufactull"er scer |3 joints 3 joints Each joint
Shore D tificate of conformity range
Overlap length mm Calibrated rule 50 minimum 3 joints 3 joints Each joint
Insulation thickness mm Pltape O.f electronic >4mm compa.red to parent 3 joints 3 joints Once per shift
equipment coating
Adhesion to parent N/mm IS0 21809-3:2008, Acceptable range to be 3 joints 3 joints Once per shift
applied coating on Method D2 established during PQT (on overlap
each component only)
material/layer . . i
interface (selection of MPa 1SO 4624 3 joints 3 joints Once per shift
peel test or pull test (on overlap
shall be agreed with only)
purchaser)
38 © ISO 2014 - All rights reserved



https://standardsiso.com/api/?name=9ff6f6b520ef4b1c6349362c07677933

Table 14 (continued)

IS0 12736:2014(E)

Property

Adhesion to steel,
liquid epoxy paint
or FBE (selection of
peel test or pull test
shall be agreed with
purchaser)

Density and void
control

Frequency
Unit Test method Requirements
PQT PPT Production
N/mm [SO 21809-3:2008, Acceptable range to be 3 joints 3 joints N/A
Method D2 established during PQT
MPa ISO 4624 3 joints 3 joints N/A
Visual Optical microscope No bubbles_ in sample 3 joints 3 joints Once per shift
poured in a cup.

10.6{3 Elastomeric field joint coatings

ISO 21809-3 covers elastomeric field joint coatings, but is mostly relevant for single laj

(corrfosion protection only).

Multj-layer systems may consist of:

— Dbonding primer(s);

— ¢orrosion protection/thermal barrier inner layer;

— thermal insulation layer (i.e. pre-vulcanised half shells);

— 1Inechanical protection outer layer.

The insulation system shall meet the requirements ofTable 15.

Table 15 — Elastomeric field joint coatings

er coatings

Frequency
Property Unit Test method Requirements
PQT | PPT Production
Raw mphaterial testing (Manufacturer’s data)
Vulcahisation Charac- Nm ISO\6502 According manufac- |Each batch Each batch Each batch
terist{cs (Rheometer) turer’s certificate of
conformity range
Hardipess Shore A ISO 7619-1 According to manu- |Each batch Each batch Each batch
ord facturer’s certificate
of conformity range
Densify g/cm3 1SO 2781 According to manu- |Each batch Each batch Each batch
facturer’s certificate
of conformity range
Substirate preparation
Envirpnmentalcon- °C 1SO 8502-4 Minimum 3 °C above
ditionjs and ‘substrate dew point 3 joints 3 joints Each joint
tempgdrature
Steel surface inspec- Visual inspection No mill imper-
tion prior to blasting fectlons. (Such as 3 joints 3 joints Each joint
slivers, scabs, burrs,
weld spatter)
Cleanliness grade Sa [SO 8501-1 Grade Sa 2% 3 joints 3 joints Each joint
Surface profile Grade [SO 8503-1 Com- Medium grade (G)
parative method | and compatible with 3 joints 3 joints Each joint
pipeline steel.
Preparation of parent applied insulation
Inspection of parent Free from oil, grease,
P 1P - Visual dust, debris and 3 joints 3 joints Each joint
applied coating S
contamination
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Table 15 (continued)

Frequency
Property Unit Test method Requirements
PQT PPT Production
Parent applied coating
surface prepara}tlon ) Visual Abrasion of chamfer 3 joints 3 joints Each joint
(all parent applied area
insulation systems)
Free from oil, grease,
Post surface treatment dust, debris and
inspection (parent - Visual contamination on the 3 joints 3joints Each joint
applied coating only) chamfer and overlap
Rubber primey application y\b‘
Environmentaljcon- °C ISO 8502-4 Minimum 3 °C above (1’?
ditions and subftrate dew point 3 joints 3 joints QS ,VEach jdint
temperature
A5
Over coating tithe min - Time check in (1/\
accordance with . . -
, 3 joints 3 join Each jqint
manufacturer’s rec- 6
ommendation CA
Visual appearaice Visual Within manufactur- 5\
er’s recommendation. . O . -
C . . 3 joints 3 joints Each jdint
omparative visual Q
test panels from PQT. _
A
Rubber application QA
Vulcanisation t¢mper- °C Contact thermo- | According to manu- Ead@\m moni- Each item moni- | Each item{mon-
ature couple facturer procedure or %) ored tored itorefd
within PQT range NN
Vulcanisation tjme min Stop watch Acceptable range Each item Each item Each itpm
be established d
PQT _\N
Laboratory teqting \O
Thermal condugtivity W/(m.K) [SO 8301 In g(@\;&'dance with Once Once N/A|
m_ at 23°C+2°C
Specific heat capacity J/g.K 1SO 11357 \T/accordance with Once Once N/A|
«\\ Table 1 at 23°C + 2°C
. N\ .
Tensile strength and MPa ISO 30 In accordance with One test N/A N/A
elongation at bifeak C) Table 1 at 23°C + 2°C
% ~\
Tear strength N/mm @'&6 34 Within manufac- Once Once N/A|
~\ turer’s certificate of
P conformity range
P
Density kg/ M ISO 2781 According to manu- Once Once N/A
?\ facturer’s certificate
\0 of conformity range
Adhesion test/ peel ’S N/mm Manufacturer Acceptable range to Once Once N/A
test on test plate or&‘ recommended |be established during
separate test areC’ method PQT
Final inspection
Hardness Shore A 1SO 7619-1 In accordance with 3 ioints 3 ioints Each ioint
Table 1 at 23°C + 2°C ] ] ]
Total coating thickness mm PI Tape or elec- As specified 3 joints 3 joints Each joint
tronic equipment
Concentricity (for Visual and com- Each joint Each joint Firstjoint
pipes only) pare with factory
coated pipe.
Ovality (for pipes only) - Calliper and PI (ODmax-ODmin) / Each joint Each joint Firstjoint
tape ODpitape <2 %
Visual inspection Visual Free from defects. Each joint Each joint Each joint
Cosmetic faults may
be accepted
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10.7 Final documentation

The

11

applicator shall provide the following documentation:
field joint insulation system design report;
application procedures including repairs;

ITP;

qualification test report and records in accordance with this International Standard;

faw material technical and safety data sheets;

raw material certificates;

tlally records and/or finished goods reports.

Handling, storage and transportation requirements

Handling, storage and transportation shall not induce any damage to the insulation or the

the

doated components exceeding the limits of the relevant specifications. The handling d

not cpntain any sharp pointed parts such as bolts and rivetsxChains and wire rope should n
thes¢ may cut and scratch the insulation surface. Impact against sharp metal edges should be avoided as

this
end

;I;nay cut or break the material surface. Insulated parts should be handled using wide sl
ooks or padded lift forks.

In case of extreme storage temperature, appropriate protection measures should be taken.

ndard;

substrate of
bvice should
tbe used as

ngs, padded

Nyloh or similar soft straps should be usedxThe insulated parts should not be cropped or dragged, and

bare

surfdce. The insulation should not come.into contact with soil.

Stacking of insulated pipes should be limited to avoid damage of the coating. The maxim
heiglt for the coated pipes shouldbe in accordance with the manufacturer’s recommendatiqns and shall

be s

ybmitted to end user forlapproval.

Pipe$ which have beenCidéentified as potentially defective shall be clearly identified to p
unintended use. Provision shall be made for repair of pipe coating damaged in the field.

cables, chains or metal hooks shouldnot be permitted to come into contact with the insulation

im stacking

revent their
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Annex A
(normative)

Hydrostatic compressive behaviour/Tri-axial test procedures

A.1 Hydrostatic test or Tri-axial test

Both types

A.2 Hydrnostatic collapse test and creep test

A.2.1 Hyd

The primary
temperaturg

There are s¢
when subje

measur
pressur

measur

measur

The test sh|
with ISO 1f

(typically =

The hydrost
pressure an

Two parame

bulk md

collapse
gradien

ftests are used in the industry. The test procedure shall be selected by the systemrsup

rostatic collapse test

7 objective of this testis to determine the volume change of a sample of material at a speq
e when subjected to increasing hydrostatic pressure.

bveral approaches that may be used to measure the volunie change of a sample of mat
ted to increasing hydrostatic pressure in a test cell:

c;
ement of the apparent buoyancy of the test specimen;
ement of the reduction in the axial length,of the test specimen.

all be performed in water (fresh (water or artificial seawater prepared in accord
711), in a test cell at a specified temperature, on a representative volume of mat
50 cm3).

atic pressure shall be inCreased at a constant rate (e.g. 1 MPa/min) and the hydrog

ters shall be determined from this test:
dulus: the slope of the curve of the percentage volume change versus hydrostatic pres

pressure: hydrostatic pressure corresponding to a sudden and significant change i
L ofthe percentage volume change versus hydrostatic pressure curve.

plier

ified

erial

ement of the volume of water required to be injectedinto the test cell to induce a chanlge in

ance
erial

tatic

d the volume change of the test specimen recorded continuously throughout the duration of
the test period.

sure;

h the

l1onra

A typical sete
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Figure A.1 — Typical volume reduction as a function of pressure

A.2.2 Hydrostatic compression creep:test

The primary objective of this test is taxdetermine the volume change (and water uptake)|of a sample
of mpterial when it is simultaneously-subjected to a constant hydrostatic pressure and gxposed to a
specified temperature over a period of time.

Therg are several approaches that may be used to measure the volume change (and waterfuptake) of a
sample of material when subjected to a constant hydrostatic pressure in a test cell:

— 1neasurement of the. Volume of water required to be injected into the test cell to compernsate for any
feduction in pressure;

— 1neasurement of the apparent buoyancy of the test specimen;

— 1neasurement of the reduction in the axial length of the test specimen.

The tesPshall be performed in water (fresh water or artificial seawater prepared in accofdance with
IS0 15711), in a test cell at a specified hydrostatic pressure and temperature, on a representative volume
of material (typically = 50 cm3).

The typical duration of the test is the time needed to establish a stabilized condition (100 h minimum).

The hydrostatic pressure shall be increased at a constant rate (e.g. 1 MPa/min) up to the specified
pressure and the hydrostatic pressure and the volume change of the test specimen shall be recorded
continuously throughout the duration of the test period.

Weighing of the test specimen prior to and immediately on completion of the test can provide information
on the extent of the water uptake of the material during the test period.
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A.3 Tri-axial compression and creep test

A.3.1 Test description

The tri-axial test method is aimed at determining the compression and creep of samples that are
constrained in two dimensions. This test closely mimics the true nature of the forces and degrees of
freedom that apply on a bonded coating system on pipe. The base of the chamber represents the OD
of the pipe, while the walls of the chamber mimic the hoop and axial constraint from other identical

bonded material. The hydrostatic loading is applied through a piston.

A.3.2 Me

hod

Test sampld
temperatury
This is very
thick pipe in]

NOTE It
close to inter

The deflecti
as the defle(

The gas preq
Three replig

A.3.3 Init

s shall be machined so that they fit snugly into the test fixture at the intended
. These are cylindrical samples with a diameter tolerance of + 0,02 mm and patallel f
important as lack of parallelism represents dead volume. The samples shall be taken
sulation (as thick as possible) and built to a final thickness of 51 + 1 mm.

is important to have representative material as, for example, foams will have‘a coarser stru
pn of the G-clamp shall be determined (for each cell) and taken nto account during th¢
tion is significant relative to the test deflections.

sure versus load relationship shall be determined against accalibrated load cell for each pi

ates shall be used for each condition.

jalizing

The test shalll be started by partially filling the cell.

The sample
placed in th

The piston §
Excess watg
The system
The piston
The purge v,
The displacg

A.3.4 Staj

b shall be greased with a very thin layer of silicone grease (on the curved faces only
b cell.

hall be mounted with the central purge port open.

r shall be purged from thé cell until the piston rests on the sample.
shall be heated to thé desired temperature.

hall be actuated®o make initial contact.

alve shall be¢losed.

bment gauge shall be zeroed

‘trof test

faces that will give a very large initial compression if this region is over represented in the test.

test
aces.
from

cture

b test

ston.

and

The pressure shall be increased in steps of 1,5 MPa, reading the displacement at one minute intervals
before proceeding.

The cell shall be rotated 90° and back before each reading to ensure that the sample does not hang on

the wall.

The pressur

e shall be increased to full test pressure and the final displacement reading taken.

The displacement shall be read off three times the first 24 h, twice the second 24 h and once daily
after this time.

44
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A.3.5 End of test

The pressure shall be reduced followed by the temperature. Samples shall be retrieved and their
dimensions and density measured.

1 2|
%/ 2
Z 7 0 |
4 3
A
7 46
| 2 A |
Key
1 venting port
2 rotatable piston
3 handle
4 cylinder walls and heater
5 sample
6 rotatable base

Figure A.2 — Typical set up for tri-axial test
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Key
X timg¢, in h
Y disglacement, in %

Figure A.3 — Typical results for tri-axial test

A.3.6 Interpretation
A spreadshget may be used to plot and.jnterpret the data, from which the following shall be obtained:
— tri-axia] modulus: calculated volume change as a function of pressure;

— initial dompression: mechafical response (expressed as a volume change) shown by the sample
during the first 24 h of test;

— 20 year|creep: endeflife creep using a log law;

— creep rate/decadeé: slope of the steady-state creep curve plot against the log of time;

— final depsity(test): recalculated density against the volume change and the initial density;

— final density (20 year): extrapolated density over a 20 year period.
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Annex B
(normative)

Simulated bend test

The method for the bend test shall be the curved former type with a fixed end.

Whe

These parameters shall be determined by the system supplier.

A mi
usinga testarrangement of the form shown Figure B.1 to sintulate the cycles of bending and sf
expefrienced during installation.

The test shall be performed as follows.

a)

b)

d)

designing the test, consideration should be given to:
minimum bend radius;

fest temperature;

fate of bending;

fime at minimum bend radius;

number of bend cycles.

himum of one straight section of coated pipe shall be subject to cycles of bending and st

Pipe shall be conditioned at test temperature, if not ambient, for a minimum period (
o bending. Prior to conditioning, thermocouples shall be attached to steel pipe and
gystem. On completion of the conditioning period, an insulation blanket shall be wraj]
external surface of coating systein along length of pipe and the ends of the pipe shall be

Pipe shallbe placed in the testarrangementand temperature measurements recorded as
steel temperature and temperature in the middle of the insulation layer - at least halfa
end of the insulation layer).

Loading shall be applied to bend pipe around the bending former. The radius of the ben
ghall be definedby’'the system supplier.

Rate of'bending shall be measured and recorded.

— Pipe shall be held bent around the bending former to allow visual inspection of]
surface of the coating system(s) and to confirm that the pipe is in contact with the s

6:2014(E)

raightening
raightening

f 24 h prior
the coating

ped around
blanked off.

appropriate

meter of the

ding former

the tension
irface of the

curved former. Any lift off, due to a field joint coating standing proud of the line

ipe coating,

from the former shall be noted and recorded.

The period that the pipe needs to be held bent around the surface of the bending for
specified, i.e. normally a minimum of 5 min.

All loads shall be removed and the pipe allowed to take up its residual deflected shape.

If applicable, the pipe shall then be bent in the reverse direction around a straighte

mer shall be

ning former

whose radius shall be calculated using the dimensional and material properties of the steel pipe.

Rate of bending shall be measured and recorded.

Pipe shall be held bent around the straightening former to allow visual inspection of the tension

surface of the coating system(s) and to confirm that the pipe is in contact with the surface of the
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f)
g)

h)

N U1 AW N

48

curved former. Any lift off, due to a field joint coating standing proud of the line pipe coating,
from the former shall be noted and recorded.

— The period that the pipe needs to be held bent around the surface of the straightening former is
only as long as it takes to perform the inspection described above.

All loads shall be removed from the pipe.

If during installation the external surface of the coating system is alternatively subjected to the
maximum tensile and the maximum compressive strains, the pipe shall be rotated through an angle
of 180° about its longitudinal axis prior to a further cycle of bending and straightening.

Steps c)jto f) above shall be repeated until the magnitude of accumulated strains in the extreme‘llfibre
of the stleel pipe experienced during the testis at least equal to those experienced by the pipe.dliring
installation, e.g. in the case of the reel method, spooling, installation, recovery, re-installation/etc.

pinned connection

bending radius

12 m ((nominal length)

straightening radius

optiohal pullhead extension assembly
3 m (h@mijnal length)

Figure B.1 — Bend test principle
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Cyclic (fatigue) bend test

When designing the test, consideration should be given to:

— 1
Thes|

The
as sh

Steel
pipe
inth
Eighf
the ¢

Coat
resol
pipe
and ¢
with

Strain range in the extreme fibre of the steel pipe and the total number of cycles shall be §

thet
of th

Onc

aximum/minimum extreme fibre strain [evels,
est temperature;
ading frequency;
umber of bend cycles;
esidual curvature effects.
e parameters shall be determined by the system supplier.

limensional layout of coated pipe length supplied for a simiulated cyclic bend (fatigue)
own in Figure C.1.

plates shall be welded into each end of coated pipe length to permit flow of water throug
engthtobe maintained during testto minimize selfsheating during the test. The temperatu
e cooling system and the external surface of the test pipe shall be monitored throughout {

strain gauges shall be bonded to the exterhal surface of the coating system at 45° inte
ircumference of the pipe at mid-length.tomonitor the axial strain experienced during

bd pipe length shall be tested in airatambient temperature in rotating bending using the
nance technique. The test machine shall be used to generate a rotating bending moment j
length which is a maximum in the centre of the coated pipe length (at the strain gaug
lecays to zero at the ends ofithe coated pipe length. The cyclic bending moment is sinusg
Zero mean.

pst by the systenrsupplier. The test is conducted at the specified strain range based on|
e measurements)ffom the eight strain gauges positioned at mid-length of the pipe.

mpletiop-0f'the test, the external surface of the coated pipe length shall be subjected ta

6:2014(E)

test shall be

h the coated
revariations
he test.

vals around
fest.

established
n the coated
re locations)
idal in form,

pecified for
the average

an external

visual inspection and if required the coated pipe length shall be sectioned.
Dimensipns in metres
/ A A AN
AR
1,5 | 3 | 1,5
/ AN
N\ /

© ISO

Figure C.1 — Pipe configuration
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When desig

test loa

These parar

A minimum

tensioner te

A test arrangement of the form shown in Figure D.1 shall be used to sirhulate the interaction bet
tensioner module(s) on the pipelay vessel and the pipe goating system(s). In all casej

pads in the

tensioner pa3

External suif
of the compl

For each te
specified co
to be measy
surface of th

The vertica
increased u
the tensione

The test shd
series of frid

The comprg
friction coef

the teng

test ten

Annex D
(normative)

Simulated tensioner test

ning the test, consideration should be given to:

foner/clamp pads to be used;
perature;
lings and slippage criteria.

heters shall be determined by the system supplier and the pipelay vessel awner.

St.

ds used in the test arrangement shall be obtained from.the pipelay vessel.

face of the coating system and the contact surface of the'pads shall be wetted before applic
essive/squeeze loadings. A range of temperatures.shall be included in the test program

red and the outline of the footprints ‘of-the tensioner pads to be marked on the ext
e coating systems.

axial load is applied in eitheran upward or downward direction. The axial loadi

r pads.

tion coefficients forthe coating system and the tensioner pads.

ssive/squeezellpading required for a given pipelay tension shall be obtained usin

loading shall be applied(to a length of pipe including a field joint area at the required temperature.

The specifie
between thg

tensioner pads and the field joint system.

of one straight short length (typically 2 m) of coated pipe shall-be-subject to simu

mperature, coated pipe length to be positioned between the sets of tensioner padj
mpressive/squeeze loading to be applied.“Fhe reduction in thickness of the coating sy

ntil widespread slippage occlirs between the coated pipe length and the contact surfag

1l be repeated for a range of temperatures and compressive/squeezes loadings to obt

ficient from‘the tests on the line pipe coating described above. This compressive/squ

d axiaHoading shall be applied to the test pipe with field joint and no slippage should ¢

lated

veen
, the

ation

and
stem
brnal

ng is
es of

Qain a

b the
eeze

ccur

On completion of the test, the external surface of the coated pipe length shall be subjected to an external

visual inspe

50

ction and if required the coated pipe length to be sectioned.
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applied loading
length of coated pipe

pipelay vessel tensioner pads, typically 2-, 3- or 4-padConfiguration

1
—1.°
— I| /|I ~—
— :| |: ~—
B = = N
— ] [ 1 f=—
— I| |I ——
— I| |I ~—
— I| |I ~—
— I| |I ~—
— I| |I ~—
% 7

Figure D.1. % Test principle
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Simulated impact test

1l be performed on one straight pipe section.

Three area

arrangemern
behind the j
length of pif

The impact
hammer shq
wide with r
shall be eith

The coating
made.

Coated ring
longitudinal
the extent o

Of each coated pipe length shall be subjected to the simulated impact test using th
t shown in Figure E.1. A structural steel framework or similar shall be positioned-dir
oint of impact. The striking face of the impact hammer shall make contact with,the cq
e at the 3/9 o’clock position.

energy shall be is 12 kJ (mass of hammer 1 700 kg). The shape of the striking face ¢
uld either be rounded with a radius of curvature of 10 mm or 25 mm, Or a flat face 5(
bunded vertical edges. The striking angle with respect to the axis ofithe coated pipe l¢
er 90° or 60°. Three independent sites shall be selected along the ‘coated pipe length.

at each test site shall be inspected for any signs of visible distfess and a photographic rg

s containing the test sites shall be cold cut from theé coated pipe length and thei
ly through the points of impacts to determine the depth of penetration into the coatin
f the resulting of damage.

oD

test
ectly
ated

f the
mm
ngth

cord

h cut
r and

7
77
Key
1 hammer
2 strikihg face
3 test pipe
4 support
5 interchangeable angled support assemblies
6 buffer
7 anchorage points
Figure E.1 — Test principle
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Simulated service test (factory applied coating)

When designing the test, consideration should be given to:

€Mmperature of Internat SUrtace ot the steel pipe;
temperature of external surface of the coating system;
lhydrostatic pressure;

1

:

equirement for temperature and pressure cycling.

emperature range over which cool down time shall be measured;

uration of the period during which the test pipe is subjected tg-a’combination of]
ressure and a temperature gradient;

hydrostatic

1

Thesle parameters shall be defined by the system supplier.

Dime
hydr

nsional layout of coated pipe length supplied forva simulated service test condijicted under
pstatic pressure shall be as shown in Figure F.1.

A my
shall
conn

11ti-zone cylindrical heater array, or similap;incorporating heating elements and thg
be provided and installed within bore of coating pipe length. Cylindrical heater an
ected to process control/data acquisitioysystem(s).

rmocouples
ray shall be

Temperature measurement devices, arranged in groups of four, shall be bonded to the external surface

of the¢ coating system within central ineasurement zone at four clock positions.

Disp
varig

acement transducers or strain gauges shall be installed, at four clock positions,
tions in the radial thickness'of coated pipe length within the central measurement zone

Attention shall be given tothe water cooling and water management system used in the test,

in lo

hg term tests, i.e.\test durations of between 28 days and 90 days and those involvi

to measure
during test.

particularly
hg damaged

coating systems.

Onc
cooli

bmpletion 6f-mobilization of the test, stabilized conditions shall be established in the
ing alone,

presence of

Averpgetemperature of the internal surface of the steel pipe shall be increased incrementally ifn a minimum
of 3 steps, typically 50 % and 75 % of the target temperature, until specified test temperature 11; reached. At
each increment of temperature, stabilized conditions shall be allowed to develop and for any nonlinearity
in the response of the coating system(s) on the test pipe to increasing temperature to be reported.

When stabilized conditions are achieved (defined as constant power output to all zones of the system
for a period of 3 days) at the specified test temperature, the hydrostatic pressure of the water (fresh
water or artificial seawater prepared in accordance with ISO 15711) inside the pressure vessel shall
be gradually increased to the specified test pressure. Any abnormal behaviour that occurs during this
process shall be reported.

Test conditions shall be maintained (temperature + 1 °C, pressure + 0,5 MPa) over the specified duration
of the test, e.g. typically 7 days after the thermal stabilization has been achieved. Data acquisition system
shall be used to record all the measurements from the test with respect to time, i.e. as a minimum
internal and external temperatures (to be recorded during the whole duration of the test), electrical
power inputs to zones, hydrostatic pressure and variations in radial thicknesses of coated pipe length.
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On completion of the test and/or at one or more agreed points during test, a cooldown simulation
using an active cooldown cycle approach may be required. The group of heating elements in central
measurement zone in coated pipe length shall be switched off at the start of the cooldown cycle but the
groups of heating elements in both adjoining guard zones shall remain active throughout the cooldown
cycle. Heating elements in the guard zones shall be programmed to track the average temperature of
the internal surface of the steel pipe in the central measurement zone * a programmable temperature
offset, e.g. -1,0 °C to -0,5 °C.

When the average temperature in the central measurement zone within the coated pipe length has fallen
to either specified test temperature or until it remains unchanged for a period of 24 h, the process may
be repeated if confirmation of repeatability of the cooldown cycle is required.

On completjon of the cooldown cycle, the hydrostatic pressure shall be either reduced to atmospLeric
pressure or maintained at the specified test pressure and the average temperature of the pipé wall|shall
be again increased to the specified test temperature and held until completion of the testperiod.

Analysis of |the water (salinity and pH) present in the pressure vessel may be garried out af the
commencenpent, during and on completion of long term tests and the results reported:

On completipn of the test, the external surface of the coated pipe length shall be&stibjected to an external
visual inspection and if required the coated pipe length may be sectioned.

1 2 3 4 5
| 7 | i 7 { {
A
Key
1 4one 1
2 4one 2
3 gone 3
4 4one 4
5 qone 5
NOTE 1 Zone 3 central measurement zone typical length is 10 x steel pipe ID.
NOTE 2 Zones 2 and 4 guard zonesfength is at least 25 % of length of zone 3.
NOTE 3 Zones 1 and 5 additional guard zones require for short pipe lengths.

Figure F.1 — Pipe configuration
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Simulated service test (field joint)

When designing the test, consideration should be given to:

— (onstruction details of the TesSt piece with TesSpect to cutback design and field joing,
— flemperature of internal surface of the steel pipe;

— tlemperature of external surface of the coating systems;

— lydrostatic pressure;

— flemperature range over which cool down time shall be measured;

— duration of the period during which the test pipe is subjectedo a combination offhydrostatic
ressure and a temperature gradient;

— fequirement for temperature and pressure cycling;

he environmental conditions within the pressurevessel, particularly in the case of intentionally

— !{the test duration is of longer term, i.e. longer than'28 days, then consideration shall be given to
amaged coating systems or when coating breakdown is anticipated.

These parameters shall be defined by the field-joint designer.

Dimgnsional layout of coated pipe length“supplied for a simulated service test condyicted under
hydrpstatic pressure shall be as shownifvFigure G.1.

A multi-zone cylindrical heater array, or similar, incorporating heating elements and th¢rmocouples
shalll be provided and installedswithin bore of coating pipe length. Cylindrical heater array shall be
connfected to process control/data acquisition system(s).

Temperature measurement/devices, arranged in groups of four, shall be bonded to the external surface
of the coating systemwithin infilled field joint area at four clock positions.

Displacement transducers or strain gauges shall be installed, at four clock positions, [to measure
varigtions in th&radial thickness of coated pipe length within infilled field joint area (adjoihing lengths
of fa¢tory applied coating system) during test.

Attention shall be given to the water cooling and water management system used in the test,|particularly
in loTlg term tests, i.e. test durations of between 28 days and 90 days and those involving damaged
coating systems.

On completion of mobilization of test, stabilized conditions shall be established in the presence of
cooling alone.

Average temperature of the internal surface of the steel pipe shall be increased incrementally in a
minimum of 3 steps, typically 50 % and 75 % of the target temperature, until specified test temperature
is reached. At each increment of temperature, time shall be allowed for stabilized conditions to
develop and for any nonlinearity in the response of the coating system(s) on the test pipe to increasing
temperature to be reported.

When stabilized conditions are achieved (defined as constant power output to all zones of the system
for a period of 3 days) at the specified test temperature, the hydrostatic pressure of the water inside the
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pressure vessel shall be gradually increased to the specified test pressure. Any abnormal behaviour that
occurs during this process shall be reported.

Test conditions shall be maintained (temperature + 1 °C, pressure * 0,5 MPa) over the specified duration
of the test, e.g. typically 28 days. Data acquisition system shall be used to record all the measurements
from the test with respect to time, i.e. as a minimum, internal and external temperature, electrical
power inputs to zones, hydrostatic pressure and variations in radial thicknesses of coated pipe length.

On completion of the test and/or at one or more agreed points during test, a cooldown simulation using
an active cooldown cycle approach may be required. The group of heating elements in infilled field joint
area within coated pipe length shall be switched off at the start of the cooldown cycle but the groups

of heating e

Heating ele}

internal sur

-1,0 °C to -
When the ay

either speci
be repeated

On completion of cooldown cycle, the hydrostatic pressure is either reduced o atmospheric pressu
it shall be m
increased td

Analysis of

commencenjent, during and on completion of long term tests and-the results shall be reported.

On completi
visual inspe

a3 Latl diaiaa | Lall o 3 +lo L £ el 1d
CITITTILS 11T UULIT aujuuuus sucuu LUILITO SIIAIT TTUTIIIAIIT AUCLIVO LIIT Uusuuut LIIC CUUIUUVVII
ments in the guard zones shall be programmed to track the average temperature g
face of the steel pipe in the infilled field joint area + a programmable temperatureoffse
5°C
,5°C.

rerage temperature in the infilled field joint area within the coated pipe length has fall
fied test temperature or until it remains unchanged over a period of 24-hjthe procesg
if confirmation of repeatability of the cooldown cycle is required.

aintained at the specified test pressure and the temperature of-the pipe wall shall be :
the specified test temperature and held until completion ofithe test period.

the water (salinity and pH) present in the pressureivéssel shall be carried out a

pn of the test, the external surface of the coated pipe length shall be subjected to an ext
ction and if required the coated pipe length shall be sectioned.

ycle.
f the
[, e.g.

en to

may

re or
gain

k the

brnal

1 2 3 4 5
+ 7 7
L ‘ | |
W NN\
A
Key
1 qone 1
2 4one 2
3 4one 3
4 4one 4
5 qone 5
A field joint\Coating
NOTE 1 Zoner3\central measurement zone length of infilled field joint area.
NOTE 2 1ownes 2 and 4 guard zones length is at least twice of length of zone 3.
NOTE 3 Zones 1 and 5 additional guard zones require for short pipe lengths.
Figure G.1 — Pipe configuration
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Simulated service test (subsea equipment)

6:2014(E)

Dimensional layout of coated pipe length supplied for a simulated service test conducted under
hydrostatic pressure shall be as shown in Figure H.1 or alternatively in Figures H.2, H.3 and H.4.

The

complexity of the simulated service test piece presents a greater challenge in the~applic

insul
Also
stres

The i
inter

in th
best
some

A he
raise

Temperature measurement devices shall be attached to the coated test piece.

Disp

The
temp

On ¢
cooli

The
grap

On c(
inspé

faces at the simulated sensor and end cap, exposed surfaces of the actuator stems on th¢
and manufactured faults in the joints between mouldings. If these are-of interest, they may

Ing alone.

ation, such as may be experienced when applying insulation to complex piecespf subsez
this provides for a more realistic simulated service test due to the thermal andhydrosta
ses on the complex geometry.

nsulated simulated service test piece may include a number of additional features, suc
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Dimensions in millimetres
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Figure H.1 — Simulated service test piece - Type 1
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Figure H.2 — Simulated service test piece - Type 2 (bare steel only)
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