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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
electrotechnical standardization.
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Alist of all parts in the ISO 12736 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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INTERNATIONAL STANDARD

ISO 12736-1:2023(E)

Oil and gas industries including lower carbon energy —
Wet thermal insulation systems for pipelines and subsea
equipment —

Part 1:

V.

lidation of materialsand insulationm systems

applied to

bir content
pplies. For
[s) applies.

mall (Delft)

mpact test

1 [Scope

Thif document specifies requirements for the validation of wet thermal insulation systems
pipe¢lines and subsea equipment in the oil and gas industry.

Thif document is applicable to wet thermal insulation systems submerged in seawater.

Thif document is not applicable to:

— |maintenance works on existing installed wet thermal insfilation systems;

— |qualification for anti-corrosion coating;

— |thermal insulation in the annulus of a steel pipe-ii-pipe system.

2 [Normative references

The following documents are referred.to in the text in such a way that some or all of th
congtitutes requirements of this docufnent. For dated references, only the edition cited 3
undated references, the latest editidn of the referenced document (including any amendmen
[SO|34-1, Rubber, vulcanized or<thermoplastic — Determination of tear strength — Part 1: Trquser, angle
and|crescent test pieces

1SO|34-2, Rubber, vulcanizéd or thermoplastic — Determination of tear strength — Part 2: S
test|pieces

ISO|37, Rubber, vulcanized or thermoplastic — Determination of tensile stress-strain properties|
[SO|178, Plastics — Determination of flexural properties

[SO|179-1 Plastics — Determination of Charpy impact properties — Part 1: Non-instrumented
ISOL52Z (a” parfc), Plastics. Determination nffancila properties

[SO 604, Plastics — Determination of compressive properties

ISO 844, Rigid cellular plastics — Determination of compression properties

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

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

ISO 6721-1, Plastics — Determination of dynamic mechanical properties — Part 1: General principles

ISO 8301, Thermal insulation — Determination of steady-state thermal resistance and related properties
— Heat flow meter apparatus

©IS

02023 - All rights reserved


https://standardsiso.com/api/?name=ac23f9f644e60185b32acb15bbaaf5ab

IS0 12736-1:2023(E)

ISO 8302, Thermal insulation — Determination of steady-state thermal resistance and related properties
— Guarded hot plate apparatus

ISO 11357-1, Plastics — Differential scanning calorimetry (DSC) — Part 1: General principles

ISO 11357-4, Plastics — Differential scanning calorimetry (DSC) — Part 4: Determination of specific heat
capacity

ISO 11359-2, Plastics — Thermomechanical analysis (TMA) — Part 2: Determination of coefficient of linear

thermal expansion and glass transition temperature

ISO 12736 2 Nl = ] ol . Lag i 1 1. ATt £1n 7 : Touss " for
~, Ul 'Uurru 'yuo I USCrIco uu,luuul'y ovweer curovuri CIICIM_}/ viCeuL Lricrimmurn mrouruciuvri J]JLCIIIL
pipelines and subsea equipment — Part 2: Qualification processes for production and application procedyires

ISO 12736
pipelines ar
pre-fabrica

ISO 15711,
to sea wate

ISO 80000
ASTM D57
ISO 80000

3 Terms and definitions

For the pui
ISO and IE

ISO On
IEC El¢

31
agreed

specified i the purchase order

Note 1 to er
user as reqy

3.2
applicatio|
APS
quality sps

3, Oil and gas industries including lower carbon energy — Wet thermal insulation systems
d subsea equipment — Part 3: Interfaces between systems, field joint systems, fieldrepairs,
ted insulation

Paints and varnishes — Determination of resistance to cathodic disbonding of coatings exp(
r

1, Quantities and units — Part 1: General
b, Standard Test Methods for Rubber Properties in Compressioh

1, Quantities and units — Part 1: General

poses of this document, the following terms;and definitions apply.
[ maintain terminology databases for usgin standardization at the following addresses:

line browsing platform: available.athttps://www.iso.org/obp

ctropedia: available at https;//www.electropedia.org/

try: To be discuss€d by the system provider (3.37) and system purchaser (3.38) with input from
ired.

n procedure specification

for

and

sed

end

cification document, or group of specifications, describing procedures, method, equipm

ent,

tools, etc. used for systen (3.35) application

3.3
batch

quantity of material (3.18) produced in a continuous manufacturing operation using raw materials of
the same source or grade

3.4

blown foam

insulation

material (3.18) formed by incorporating a gas phase into a polymer matrix
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3.5

certificate of analysis

document provided by the manufacturer that indicates results of specific tests or analysis, including
test methodology, performed on a specified lot of the manufacturer’s product and corresponding
conformity ranges

3.6
construction joint
interface (3.13) where both systems (3.35) are identical

3.7
cutpack
length of item left uncoated at each end for joining purposes

Note 1 to entry: Welding is an example of joining purposes.

3.8
field joint
uncpated area that results when two pipe sections, or a pipe section and avfitting (3.9), with cutbacks
(3.7) are assembled by welding or other methods

3.9
fitting
rec¢ptacle on a piece of subsea equipment (3.33), which interfdces to a pipeline (3.22)

3.1

high molecular weight precursor thermoset
mafterial (3.18), which is a polymeric compound that\remains malleable until application of sufficient
heaf to cause network formation and then does not flow upon reheating

EXAMPLE Butyl rubber.

3.1
inorganic syntactic foam
insylation material (3.18) formed by dispersing inorganic hollow particles within a polymer|matrix

3.12
inspection and test plan
ITP
document providing an-everview of the sequence of inspections and tests, including qppropriate
resgurces and procedures

3.18
interface
locdtion where two systems (3.35) meet and affect each other

Note 1.to.entry: A field joint (3.8) system (3.35) has two interfaces.

Note 2 to entry: In the case of multilayer systems (3.35), interfaces can be made up of multiple sub-interfaces.

3.14
jumper
short section of pipeline (3.22) that transfers fluid between two pieces of subsea equipment (3.33)

3.15

liquid precursor elastomeric thermoset

material (3.18), which is a polymeric compound with its glass transition below ambient temperature,
thatis produced via the combination of one or more components that can be pumped and flow as liquids
and that react to create a crosslinked polymer that does not flow upon reheating

EXAMPLE Liquid precursor silicone rubber.

©1S0 2023 - All rights reserved 3
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3.16

liquid precursor non-elastomeric thermoset

material (3.18), which is a polymeric compound with its glass transition above ambient temperature,
thatis produced via the combination of one or more components that can be pumped and flow as liquids
and that react to create a crosslinked polymer that does not flow upon reheating

EXAMPLE Liquid epoxy.

3.17
mainline
portion of a pipeline (3.22) that is not a field joint (3.8)

3.18

material
polymeric fompound applied to the substrate (3.34) protected or insulated in units of discrete thickness
(layers) to puild up a system (3.35)

3.19
material hanufacturer
entity responsible for the manufacture of one or more materials (3.18) utilized in)a system (3.35)

3.20
material maximum and minimum rated temperature
maximum |and minimum temperature to which a particular material (3.18) can be continuofpisly
exposed, as$ per system provider (3.37) recommendation, during storage or in service as part of a system
(3.35)

Note 1 to enjtry: For multi-layer systems, the material maximumerated temperature can be less than the syytem
maximum rqted temperature (3.36).

3.21
maximum{rated pressure
maximum |hydrostatic pressure to which the system (3.35) can be exposed, according to the system
provider (31.37)

3.22

pipeline
flowline
tubular piging used to convey flaids

Note 1 to enftry: Pipeline includesjumpers (3.14), risers (3.28) and field joints (3.8).

3.23
pre-fabricated insulation
section of Jtand-alene insulation, which is factory manufactured into its final form and then installed in
the field by mechanically fastening or bonding to a corrosion protected structure

3.24
pre-production trial

PPT

series of tests performed immediately before the start of production, designed to demonstrate that the
requirements of the validated (3.43) system (3.35), the procedure qualification trial (3.25) or both are
achieved

Note 1 to entry: Requirements for PPT shall be as outlined in ISO 12736-2 or ISO 12736-3 and as agreed (3.1).

4 © IS0 2023 - All rights reserved
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3.25
procedure qualification trial
PQT
series of tests designed to demonstrate that the materials (3.18), system provider (3.37), equipment
and procedures can produce a system (3.35) in accordance with the validation dossier (3.44) and meet
specific project (3.26) requirements

Note 1 to entry: Requirements for PQT shall be as outlined in ISO 12736-2 or ISO 12736-3 and as agreed (3.1).

3.26
project

sco
(3.3

3.2
R-13
ree
met
by
ree

3.2
risg
ver
offs

3.2
safé
SDS
DER
doc
wol

including physical data and first aid, etc:

Not

3.3
ser
spe

3.3

be of work agreed (3.1) upon contractually between system purchaser (3.38) and syste
7)

/
ly

-lay

hod of pipeline (3.22) installation in which long stalks (3.32) of pre-insulated pipes are pre
velding and application of field joint (3.8) system (3.35) onshore before being spooled

B
r

ical portion of a pipeline (3.22), including the bottom~bend, arriving on or departiy
hore surface installation

D
pty data sheet

RACATED: material safety data sheet

king with a material (3.18) utilized in"the manufacture of the system (3.35) in a sg

e 1 to entry: Physical data can include flash point and toxicity.

D
vice life
Cified period of use for'a system (3.35) in service

L

sol

insylation material (3.18) that systematically does not contain voids or hollow particles

3.3

stalk
confibuous string of welded and field joint (3.8) coated pipe, which is prepared in readine

d/solid filled

im provider

assembled
onto large

s onboard the installation vessel, which then lays the pipes by unspoeling the reel offshqgre

g from an

ument intended to provide workers and emergency personnel with procedures for handling and

fe manner

ss for pipe

spoolingonto a k-fay (3:27) barge

Note 1 to entry: A number of stalks will normally be required to make up a pipeline (3.22).

3.33
subsea equipment
components from a subsea production system, including subsea processing items and structures, meant

to control hydrocarbons, not including pipelines (3.22)

EXAMPLE Valve, connector, manifold, christmas tree, flowline end termination.
3.34

substrate

surface to which a material (3.18) is applied or will be applied

©IS
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3.35

system

all of the various materials (3.18) and the combination thereof, which can include layers of anti-
corrosion, insulation, adhesive, and protective materials, as defined by cross-section to the underlying
substrate (3.34) at a single point, which function together to act as a wet thermal insulation (3.45)

3.36

system maximum and minimum rated temperature

maximum and minimum temperature to which a particular system (3.35) can be continuously exposed,
as per system provider (3.37) recommendation, during storage or in service

3.37
system prpvider
legal entityf which is selling the applied system (3.35)

3.38
system pufrchaser
entity whig¢h is purchasing the applied system (3.35)

3.39
thermal cpnductivity
k-value
conductivjty

heat flow through a unit length of material (3.18) under the influengeof a thermal gradient

Note 1 to entry: Thermal conductivity is expressed in W-m1-K-1.

3.40
thermoplgstic
material (3.18), which is a polymeric compound that;solidifies upon cooling and can flow and be
reformed ypon reheating

EXAMPLE Polypropylene.

341
tie-in field joint
connection| of a pipeline (3.22) to a-facility or subsea equipment (3.33), to other pipelines, or|the
connecting together of different sections of a single pipeline

3.42
U-value
overall heat transfer coeffigiént

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

Note 1 to entry: U-valu€ is expressed in W-m=2-K1,

3.43
validation
demonstration of material (3.18) and system (3.35) performance during storage, handling and operation,
within a specified envelope of use, as determined by the system provider (3.39)

3.44

validation dossier

collection of documentation and test reports, prepared in accordance with specific requirements, which
provides detailed information on the proposed system (3.35), method of application, the materials (3.18)
which form said system (3.35), and demonstration of system (3.35) performance

Note 1 to entry: Specific requirements are found in 7.6.

6 © IS0 2023 - All rights reserved
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wet thermal insulation
system (3.35) that provides external corrosion protection and thermal insulation, and that is in direct
contact with surrounding seawater
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4 Symbols and abbreviated terms

4.1 Symbols

Eyl Tmpact energy (KInetic energyJ, expressed 1n joules

g standard gravity, equivalent to 9,81 metres per seconds squared

H pendulum height, expressed in metres

my, mass of hammer, expressed in kilograms

Qavd,i average value of heat flux transducers signals for sampléiywhere i =1, 2, or 3| expressed
in microvolts

Qroder lower plate heat flux transducer signal, expressed'in microvolts

QLojver,Average ~ average lower plate heat flux transducer signal; expressed in microvolts

Qrel Mat ave average value of heat flux transducers signals for reference material sample| expressed
in watts per microvolts

QRef Mat ave,i average value of heat flux transdiicers signals for reference material sample(i, where i =
1 or 2, and 1 is typically the thifther sample, expressed in watts per microvqlts

Qupber upper plate heat flow, expressed in microvolts

Qupber,average ~ @verage upper plat¢ heat flow, expressed in microvolts

Scal calibration factor; expressed in watts per microvolts

Scalh single-thickpess calibration factor, proportional factor between the electrica| signal and
heat flow,)expressed in watts per microvolts

Scab two<thickness calibration factor, proportional factor between the electrical signal and
heat flow, expressed in watts per microvolts

ScalLower lower plate calibration factor, expressed in watts per microvolts

Scallupges upper plate calibration factor, expressed in watts per microvolts

R e Total average measured thermal resiStance across all Sampies, expressed i metre square
degrees kelvin per Watt

Rave i average measured thermal resistance of sample ;, where i =1, 2, or 3, expressed in metre
square degrees kelvin per Watt

R, calibration contact resistance, expressed in metre square degrees kelvin per watt

2Rc4) Lower lower plate calibration contact resistance, expressed in metre square degrees kelvin
per watt

2Rcapupper upper plate calibration contact resistance, expressed in metre square degrees kelvin

per watt

© IS0 2023 - All rights reserved
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2R

sample

AT

Tlower

Tupper

Xave,i

X ave

XRef Mat ave

XRef Mat ave,i

ARef Mat

AsampleAl

AsampleAZ

4.2 Abb

APS
DMA
DSC
ID
ITP
LVDT

0D
SI
SST

contact resistance of the sample, expressed in metres square degrees kelvin per watt
average temperature difference across the sample(s), expressed in degrees Celsius
lower plate temperature, expressed in degrees Celsius

upper plate temperature, expressed in degrees Celsius

average measured thickness of sample i, where i = 1, 2, or 3, expressed in metres

total average measured thickness across all samples

average thickness of the reference material sample, expressed in metres

average thickness of reference material sample i, where i = 1 or 2, and 1 isjtypically|the
thinner sample, expressed in metres

thermal conductivity of the calibration reference material, expressed in watts per mgtre
kelvin

single thickness sample thermal conductivity, Test Type A1l sp€cimen, expressed in watts
per metre kelvin

single thickness sample thermal conductivity, Test Type)A2 specimen, expressed in wptts
per metre kelvin

reviated terms

application procedure specification
dynamic mechanical analysis
differential scanning calorimetry.
inner diameter

inspection and test plan

linear variable differential transformer; linear variable displacement transformer; liriear
variable displacement transducer

outer diameter
International System of units

sihulated service test

QC
uv

quality control

ultraviolet

© IS0 2023 - All rights reserved
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5 Conformance

5.1 Rounding

Unless otherwise stated in this document, observed or calculated values shall be rounded to the nearest
unit in the last right-hand place of figures used in expressing the limiting value, in accordance with
ISO 80000-1.

NOTE For the purpose of this provision, the rounding method of ASTM E29 is equivalent to ISO 80000-1:2022,
Annex B, Rule A.

5.2| Conformity to requirement

Systems for quality and environmental management, and the competence of testing’and [calibration
labgratories, should be used.

NOTE The following documents can be used:
— |IS0 29001 gives sector-specific requirements with guidance for the use ofquality management §ystems;
— |1SO 14001 gives requirements with guidance for the use of environmental management systemg;
— |ISO/IEC 17025 gives general requirements for the competence ofdesting and calibration laboratpries.

The system provider shall be responsible for conforming\with all the applicable requirgments for
the|application of this document. The system purchaser.shall be allowed to make any inyestigation
necpssary to ensure conformity by the system provider'and to reject any material and/or dystem that
doefs not conform with this document.

6 |Material classes

The materials covered by this document.are classified in Table 1. Each material used to make up the
sysfem shall be classified into the appropriate class by the system provider.

If other materials, not fitting the.classes within Table 1, are used, the system provider shall identify the
clags that most closely represents the material and shall provide a gap analysis to the requifjements for
thaf class to be included in the-validation dossier.

Table 1 — Material classes

Solid/solid filled Blown foam Inorganic syntfactic foam
Thdrmoplastic§ 1A 1B 1C
Liq uid-precursor non-elas- 2A 2B 2C
tonperic thermosets
Liq El.ldj)‘l"eCuI‘SOf elasto- 3A 3B 3C
mekicthermesets
High molecular weight 4A 4B 4C
precursor thermosets

7 Materials and system validation testing

7.1 General

This clause specifies the test requirements for validation of wet thermal insulation systems and for the
materials used within such single or multi-layer systems.

The test data generated shall be considered when conducting a risk analysis in accordance with 7.5.

©1S0 2023 - All rights reserved 9
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Material testing as described in 7.2 is based upon material maximum and minimum rated temperatures.
System testing as described in 7.3 is based upon system maximum and minimum rated temperatures.

In the case of system testing (see 7.3), not all possible system variations regarding relative material
layer thicknesses and build-up of multiple similar layers can be assessed during initial validation of a
system. At least one representative system design, as proposed and justified by the system provider,
shall be evaluated.

7.2 Material validation testing

7.2.1 General

Materials ghall be tested as specified in Table 2, which specifies general properties to be-tested

for

materials iph an unexposed state, where applicable. Exposures to be performed on materials and tesfing
to be perfprmed post-exposure, where applicable, are described in 7.2.2. The method for sample
preparation should be representative of the method used by the system supplier ini ‘manufacturf of

the syste

. If required, samples shall be machined from a larger section of material to ensure all

surfaces aile representative of the through thickness of the material.

test

Material validation tests as specified in 7.2 are not required for materials with purely anti-corro$ion
and/or adlhesive functionality. Validation of inter-layer adhesion performance is described in 7.3/3.2

and 7.3.4. Anti-corrosion materials are addressed in 7.7.
In the casq of material types B (blown foam) and C (inorganic syrtactic foam) per Table 1, both|the
minimum farget density and the maximum target density, which;e¢an be the solid form, shall be tegted
for each inglividual material commercially offered in a range of target densities.
Taple 2 — General properties and testing requirements for unexposed materials
Applicable classes 2
Material propgrty Test specification Class 1 Class 2 Class 3 Class 4 Test temperature >
A/BpC|A|B|C|A|B|C|[A]|B]| C|23°Cx2°C Max Min
Thermal condugtivity Annex B VIV IVIVIVIVIVIVIV|V|VI]Y v v
Specific heat capacity ISO 11357-4 VIVIVIVIVIVIVIV|IV|V|V|V v v
Hydrosticor Fiselcom | pypes i e ]
Hydrostatic colapse pressure [Annex C v N v v v v
selected temperatures and pfes-
Annex C, v v v v sures as necessary to charactgrize
Triaxial comprgssion and creep the proposed operational window
performance ArmpexC at maximum rated N N
pressure
Density 1S0 1183 (all parts) ViV ViV VIiVIVIVIY v
Tensile propertles 1SO 527 (all parts) VIVIVIVIVI]Y v v
1S0 37 VIV VIV V v v
Flexural propeifties.¢ 1SO 178 VIVIVIVIVIVIVIVIVIV]V]V V
Tear strength 1SO 34-1 and 1SO 34-2 VIiVIVIVIV|V v v
Notched Charpy impact 150 179-1 AR AR AR AR ARARARAR v v
strength
Hardness 150 868 VIVIVIV|V| V| VIVIVIV|V]Y v
DSC 1SO 11357-1 VIVIVIVIVIVIVIV|IV|V|V|V Temperature range
DMA IS0 6721-1 VIVIVIVIVIVIVIVIV|V|VI|Y Temperature range
1SO 844 or ISO 604 VIVIVIVI|V|Y v v v
Compressive strength ASTM D575 T IvIvIvIvIv 7 7 7
a As per Table 1.
b Test temperature is referenced to the material maximum and minimum rated temperatures.

¢ Required only if used for establishing the effects of wet or dry heat exposure per 7.2.2.3 and 7.2.2.4
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Table 2 (continued)

Applicable classes 2

Test temperature P

Material property Test specification Class 1 Class 2 Class 3 Class 4
A|B|C|[A|B|C|A|B|C]|A]|B|C|23°C*2°C Max | Min
g();;f;fricsiiiﬁt oflinear thermal 1S0 11359-2 VIVIVIVIVIVIVIVIV|V|VIV Temperature range

a As per Table 1.

b Test temperature is referenced to the material maximum and minimum rated temperatures.

¢ Required only if used for establishing the effects of wet or dry heat exposure per 7.2.2.3 and 7.2.2.4

7.212 Small-scale exposure testing for materials

7.212.1 General

Theg purpose of small-scale exposure testing is to provide material test data‘to~be considered when
assg¢ssing the potential risks involved with using the material under spetific service cophditions in
accprdance with 7.5.

The tests shall consider:

— |water absorption and pressure effects;

— |expected degradation phenomena (e.g. thermal, chemical) radiative);
— |the dominant failure mechanism of the material in $érvice.

For|certain materials, physical changes can produce<results in mechanical testing that are nof indicative
of chemical breakdown. In such cases, additional testing may be performed to understand dnd explain
the|extent and criticality of these physical chaniges. This may include the use of general arjd material
spefific analysis techniques that lie outside-of this specification. The results of such investigative work
shall be included in the validation dossier.

Foulr tests shall be performed:

a) |determination of the potential for water absorption of each material in the insulation dystem (see
7.2.2.2);

b) |determination of thé change in the mechanical properties of each material due to watejr exposure
(see 7.2.2.3);

c) |determinatiof of the change in the mechanical properties of each material due to dry hedt exposure
(see 7.2.2.4);

d) |demonstration that the material of the outer-most layer of the system is resistant to UV ¢xposure, if
appli¢able (see 7.2.2.5).

7.2.2.2 Water absorption test

Water absorption at temperature and pressure shall be established by evaluating for changes in sample
mass.

Sample preparation shall be fully described.

Exposure media shall match that utilized in 7.2.2.3. If natural seawater is used, the composition shall be
analysed and the results shall be included in the test report. Exposure media shall be replaced at each
sampling period.

©1S0 2023 - All rights reserved 11
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The water absorption test shall be performed taking into account the following conditions:
a) atleast four temperatures:

1) 4°Cor23°C

2) material maximum rated temperature

3) two additional temperatures not less than 30 °C below the material maximum rated
temperature and not less than 10 °C apart, preferably:

i. 15 °C helow the material maximum rated temperature;

ii.| 30 °C below the material maximum rated temperature;

4) if the validation envelope is to be extended by 15 °C or less, testing is only at the new matgqrial
maximum rated temperature;

b) duratipn: 1 year;

c) pressure: sufficient to prevent boiling of exposure media for Class A materials and maximum rgted
pressure for Class B and C materials;

d) five samples per exposure temperature;

e) sample sizes for exposure: 50 mm x 50 mm, tested at a single thickness within a range of 2 mm to
8 mm, |chosen at the discretion of the system provider;

f)  minimum weighing intervals: before exposure, 1 week, 2@veeks, 1 month, 3 months, 6 months, pnd
12 months.

In order tp ascertain the amount of water initialljzx‘€ontained within the material under amblment
conditions]|an additional set of unexposed control samples may be weighed, dried in an oven maintained
at 50 °C % § °C for 24 hours, and re-weighed.

The exposiire may utilize:

— severa| sets of parallel samples, one'set for each sampling interval, in which case, after removal from
water, [the samples shall be dried with a clean dry cloth or filter paper and immediately weighed to
the negrest 0,001 g within 24 hours; or

— asingle setof samples, tobewithdrawn for each sampling interval and, after removal from water|the
sampl¢s shall be dried with a clean dry cloth or filter paper and immediately weighed to the neafest
0,001 g before being returned to the exposure medium to continue exposure within 24 hours.

7.2.2.3 et heatexposure

The effect$ of wet heat exposure shall be established by testing of tensile properties at 23 °C + 4 °C.
Flexural testing may be carried out in place of tensile testing for brittle materials.

Sample preparation shall be fully described.

Tensile and flexural testing shall be performed in accordance with the relevant International Standard
as listed in Table 2. Exposure media shall be either deionized water or seawater. If artificial seawater
is used, it shall be prepared in accordance with ISO 15711. If natural seawater is used, the composition
shall be analysed and the results shall be included in the test report. Exposure media shall be replaced
at each sampling period.

The wet heat exposure test shall be performed taking into account the following conditions:

a) at least three elevated temperatures, the same as utilized in 7.2.2.2, including the material
maximum rated temperature;
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b) duration: 1 year;

c) pressure: greater than or equal to vapour pressure for Class A materials and maximum rated
pressure for Class B and C materials;

d) five samples per exposure temperature and sampling interval;
e) minimum sampling intervals: 1 month, 3 months, 6 months, and 12 months.

Before the start of exposure, samples shall be weighed. A set of unexposed control specimens shall be
tested in accordance with the relevant standard.

Befpre mechanical testing, samples shall be kept in water (identical to the water used for the exposure
testl) at 23 °C + 2 °C for at least a period of 24 h and shall be tested immediately after being tpken out of
thewater.

At dJampling intervals, the surface of the samples shall be dried after removal,from the water with a
clegn dry cloth or filter paper, weighed, and tested without any reconditioning tho drying df samples).
Change in mass (water absorption) shall be reported along with mechanical test results.

7.212.4 Dry heat exposure

The effects of dry heat exposure shall be established by testing of tensile properties at 23 °C + 2 °C.
Flexural testing may be carried out in place of tensile testing fot brittle materials.

Sanpple preparation shall be fully described.

Tenfile and flexural testing shall be performed in accardance with the relevant Internationgl Standard
as l|sted in Table 2. Exposure media shall be high purity nitrogen with a nitrogen content of 299,99 %.
Exposure media shall be replaced at each sampling period.

The dry heat exposure test shall be performed taking into account the following conditions:

a) |atleast one temperature identical to;the material maximum rated temperature used in J.2.2.3;

b) [duration: 1 year;

c) |pressure: atmospheric;

d) |five samples per expoesure temperature and sampling interval;

e) |minimum samplingintervals: 1 month, 3 months, 6 months, and 12 months;
f) |use of a suitable exposure vessel, sealed to prevent nitrogen leakage during the exposurge duration.
A sgt of unegposed control specimens shall be tested in accordance with the relevant standajrd.

Befpresmeéchanical testing, samples shall be cooled to 23 °C + 2 °C in nitrogen for at least a pefiod of 24 h
and tested immediately after being removed from the nitrogen exposure vessel.

7.2.2.5 Weathering and UV resistance

Data shall be provided by the system provider to demonstrate that the material of the outer-most layer
of the system can resist UV exposure. Alternatively, specific storage conditions or protection from
atmospheric exposure shall be detailed by the system provider.

Weathering and UV resistance is a concern during storage of components or pipes and for parts exposed
to atmospheric conditions. This effect is mainly superficial and concerns the outer-most layer of the
system, hence underlying layers do not need to be tested.
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7.3 System validation testing

7.3.1 Ge

neral

The system provider shall produce a generic APS and ITP relevant for the application of the specific
system for the purposes of full-scale testing. In the case of systems for field joints, the APS shall also
include information that can provide an idea of the expected time for application of the system to the

field joint.

Full scale testing shall be performed in accordance with Table 3 to demonstrate generally applicable

installatiop-and-eperational performance of the system- Demonstrationofthe full-scale performancge of

the system|that is specific to a particular commercial project is detailed in ISO 12736-2 and ISO 1273p-3.
Testing data for the guidance of ITP requirements in subsequent commercial projects, as‘coverefl in
ISO 1273642 and ISO 12736-3, shall be generated during the production of system samples fot full sfale
testing, in pddition to the testing required in Table 2 and Table 3.

Pre-fabricdted insulation can form part of a system, but these systems are typically bespoke and highly
specific to| a project with specific considerations in contrast to direct applied insulation. As sfich,
system valiidation of pre-fabricated insulation is outside the scope of this document and only matdrial
validation ps described in 7.2 is considered.

7.3.2 System test requirements

The test ‘ﬂrogram for systems to be applied on pipelines and:subsea equipment shall include [the
tests shown in Table 3 and described in 7.3.3. Each test may be performed on a separate specimen.
In the casq of systems for field joints, system validation shall*be done on a pipe specimen coated With
a representative mainline system that matches the expected material classes to which the field jpint
system is gxpected to be interfaced with, but which might not be identical to the mainline system in|the
project phase. The mainline system for field joint system validation shall be as proposed by the sysfem
provider.

Table 3 — Full scale tests for systems
Pipelines Field joints / Jumpers Subsea
P Interfaces p equipmejnt

Installatiop tests

Simulated end test P (7.3.3.1) v Ve

System shepr resistance test23°C + 2 °C (7.3.3.2) v

Adhesion t¢st to substrate,.23 °C + 2 °C (7.3.3.3) V

Interface/spb-interface\adhesion strength, J Jd

23°C +2°( (7.3.3.4)

In-serviceftests

System shdarZvesistance test, as per temperature Ni Ni

profile at system maximum temperature (7.3.3.2) ¥ ¥

Impact test (7.3.3.5) v v

Simulated service test for pipelines (7.3.3.6) Vv v

Simulated service test for subsea equipment J
(7.3.3.7)

Small-scale full system exposure test (7.3.4) N v v

a  Excluding field joints and jumpers.

b Only applicable for systems expected to be installed by R-lay.

¢ Notapplicable for tie-in field joints in validation; to be considered at project phase only, see ISO 12736-3.

d  Testing of construction joints.
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3 Full scale test program for systems

3.1 Simulated bend testing for systems applied to pipelines

The objective of the simulated bend test is to provide a benchmark example or examples of successful
bending performance to provide insight into the potential capability associated with installation of a
pipeline coated with the system by R-lay.

Effects due to varying stiffness (e.g. strain concentration at the field joints) are known to have a
51gn1f1cant effect on the local strain level and therefore the bendlng capac1ty of the combined mainline

aloy]
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le mainline system test.

ending on the nature of the wet thermal insulation system, the test parameters 1
forming the simulated bend test can have a bearing on the outcome of the test. The
rmation is provided as guidance to aid the selection of appropriate parameters for den{
ending performance appropriate for the intended pipe installation methods to be utilize
em:

Pipe diameter, pipe wall thickness, system thickness and bend radius will determine the
develops in the pipe and system during the test. Table 4 provideés examples of the estim
for a uniform section of wet thermal insulation system foraspecified set of parameters,

Test temperature is important for materials that {ransition from ductile to brittl
temperature range of interest. The temperature will\depend on the geographic location
pipe bending activities occur. Material temperatures during pipe bending are typically
range of — 10 °C to 40 °C.

Bending test speed will determine the strain rate that develops in the system during t
represents the rate that the pipe will be-spooled onto the pipelay vessel or the pipelay ra
rates for spooling in the range of 15 m-min to 25 m'min! are typical.

For R-lay, allowing the pipe tocbé'held in the fully bent condition during the bend te
at revealing any latent failure or effects that can occur in the system and represents f{
period after the pipe has beenrloaded onto the drum onboard the pipelay vessel. If requir¢

24 hours can be appropriate.

For R-lay, the nuniber of cycles (i.e. bending and then straightening) carried out duri
is required to-simulate the action of loading the pipe onto the drum onboard the ves;
bending during’pipelay and recovery and re-lay during pipelay operations.

test procedure shall be as specified in Annex D. The parameters needed to perform the t
Cified-by the system provider with the intent to provide some demonstration of the bendi
he/System. With the various potential combinations of pipe diameter, system thickne:s
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i, bénding speeds, temperatures, etc., the precise delineation of the available acceptable y

vindow for
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ding of a particular system is not possible. At least one test shall be performed.

Table 4 — Strain estimated in 100 mm of insulation

Steel pipe OD Nominal strain (%) in system outer fibre versus bend former radius for R-lay
m 10,5 m 9,75 m 9m 8,225 m 8m 7,5 m 577 m

0,168 3 1,72 1,85 2,01 2,19 2,25 2,40 3,09
0,2191 1,96 2,10 2,28 2,48 2,55 2,72 3,50
0,2731 2,20 2,37 2,56 2,80 2,87 3,06 3,94
0,3239 2,43 2,62 2,83 3,09 3,17 3,37 4,34
0,355 6 2,58 2,77 2,99 3,27 3,36 3,57 4,59
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Table 4 (continued)
Steel pipe OD Nominal strain (%) in system outer fibre versus bend former radius for R-lay
m 10,5 m 9,75 m 9m 8,225 m 8m 7,5 m 577 m
0,406 4 2,81 3,02 3,26 3,56 3,65 3,89 4,99

7.3.3.2 System shear resistance testing for systems applied to pipelines

Insulation systems generally comprise of an anti-corrosion layer, to which the insulation is either fused
or bonded. In addition, some insulation systems can comprise of multiple applied insulation layers and
an outer jgdcket. Each l[ayer has its own inherent shear strength and each interlayer bond has its ¢wn
associated(level of adhesion. During both the fabrication and installation processes for and operation of
pipelines, fhe insulation system can be subject to thermal and mechanical loads, which canmverstress
weak matefials or bonds. The purpose of the shear adhesion test is to evaluate the load at which slipgage
or tearing pccurs within the insulation or between the material layers along the interldyér bonds. [The
test shall idlentify the system layer or interlayer bond that has the lowest shear resistance.

The test pijocedure shall be in accordance with Annex E. The parameters required‘to perform the fest
shall be spgcified by the system provider. Two test temperatures shall be evaluated:

a) with the full system at 23 °C + 2 °C;

b) asperthe temperature profile through the system when the systém'is being operated at the sysfem
maxinjum rated temperature.

A series of|support rings can be required, which are specific to'the sample dimensions, to test all{the
material layers and critical interlayer bonds.

7.3.3.3 Adhesion test to substrate

A measure of adhesion strength to the substrate'(e.g. anti-corrosion coating) shall be provided. [The
appropriate substrate is chosen by the system provider. The test method shall be as appropriate for{the
materials, fo be chosen by the system provider.

7.3.3.4 Interface/sub-interface adhesion strength

A measurq of adhesion strength shall be provided for each interface/sub-interface of the field jpint
system insulation materials to ‘the mainline system insulation materials. The test method shall bg as
appropriate for the materials;to be chosen by the system provider.

7.3.3.5 Impact testing for systems applied to pipelines

The purpofe of théximpact test is to evaluate the system’s ability to withstand likely impacts durihg a
pipeline’s Jtorage;-installation and service life. Impacts from handling, installation, rock dumping pnd
contact with-fishing gear shall be considered, if applicable.

The test procedure shall be in accordance with Annex F. The parameters needed to perform the test
shall be specified by the system provider, based on which load is to be simulated (e.g. handling impact,
installation impact, fishing gear impact). For fishing gear impact, DNV-RP-F111 can be utilized for
guidance of the appropriate impact energy in relation to the region where pipes are expected to be
installed and the type of fishing gear used in that region.

7.3.3.6 Simulated service test for pipelines

The objective of the simulated service test for pipelines is to validate the in-service performance of
the system under short-term conditions when subjected to system maximum rated temperature and
maximum rated pressure in terms of:

a) integrity of the system;
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b) thermal insulation capacity (U-value);
c) hydrostatic compressive properties.

To simulate in-service conditions, a coated pipe sample shall be subjected to internal heating and
external cooling and pressure in water. The test procedure shall be in accordance with Annex G at the
system maximum rated temperature and maximum rated pressure.

The measured U-value of the system shall be in accordance with the expected design basis as specified
by the system provider, within the uncertainty of the U-value measurement. Radial compression shall
be in accordance with expectations, within the uncertainty of the compression measurement, or less
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h for each individual material obtained as described in 7.2 in conjunction with the under
fed pipe configuration at the temperatures/pressure of the test.

3.7 Simulated service test for subsea equipment

objective of the simulated service test for subsea equipment is to confirim that the sys
cessfully applied in large volume applications as well as to evaluate the mechanical inte

metries and application of potentially large coating volumes,which can create challenges
grity in service upon application of hydrostatic pressureycoupled with thermal effects ¢
hanical properties with application of internal heating and thermal expansion, which
resented by the simple pipe geometry of 7.3.3.6.

ralidate in-service integrity of the system for this application, a coated sample with a ca

1 be subjected to internal heating and ext&rnal cooling and pressure in water. In add
resentative thermal and pressure cycles-shall be also applied to stress the system and ¢
s to the system integrity. The test procedure shall be in accordance with Annex H.

4 Small-scale full-system exposure test

verification of expected system exposure effects, an unpressurized small-scale expo
em shall be performed injaccordance with Annex I.

System repair$s
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The following requirements apply if a system repair is considered to be feasible:

a)
b)

©IS

The materials to be used and the general procedure for effecting the repair shall be documented.

Repair materials, if different from the materials in the system to be repaired, shall be characterized

for density, thermal conductivity and specific heat capacity in accordance with Table 2.

of long-term performance according to 7.2.2 is not required.

Validation

Any repair material shall be applied to a specimen of the matching material(s) of the system to
be repaired. The adhesion across the bond(s) shall be evaluated. The test method shall be as
appropriate for the materials, to be chosen by the system provider. The mode of failure shall be

reported.

02023 - All rights reserved

17


https://standardsiso.com/api/?name=ac23f9f644e60185b32acb15bbaaf5ab

IS0 12736-1:2023(E)

Further evaluation of repairs shall be done on a project basis in accordance with ISO 12736-2 or
ISO 12736-3.

For repair of anti-corrosion coatings, please refer to 7.7.

7.5 Validation of long-term performance

Validation of long-term performance does not predict product life-time, because a universally accepted
and applicable method does not exist for subsea wet thermal insulation systems. Instead, long-term
performance of the system at the system provider designated system maximum rated temperature is

validated 1
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material exposure data generated in 7.2.2 specifically evaluates the potential for chem
d identification of failure modes in the materials during service both under normal expeq
see 7.2.2.4) as well as under failure conditions where water has been allowed to‘irigress
(see 7.2.2.3). It also provides water uptake data (see 7.2.2.2) to evaluate the '‘€xtent of w
ormal operation or under failure conditions through the materials. Unpressurized long-t
osure, as per 7.3.4, cannot be considered to be fully representative ofisystem performg
due to the lack of pressure, but it does provide some demonstration of expected sys
ce and effects, including material interlayer bonds and adhesives:“The risk analysis shq
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bn-chemical material changes (e.g. compressive creep).
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dered superficial, i.e. not affecting system performahce, and thus not suitable for repair.

eria for any risk-based analysis requires knowledge of the acceptable level of risk, and
for certain failure modes can change based“upon project specific conditions, the accepta
Its from testing presented in the validation dossier will depend on the risk tolerance |
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The system provider shall provide an analysis of these results, in a format of their own choice, based on

their own
Based on

pressure limits for usage, which nray“not match to those given in the validation dossier for mater

and/or sys
7.6 Tech

7.6.1 Ge|

The system previder shall prepare the technical validation dossier of the proposed wet ther

insulation

Fisk tolerance level to provide'guidance as to the expected long-term system performa
the validation dossier, thelsystem purchaser can determine their own temperature

fem.
inical validation dossier

neral

system and the materials which make up this system.

hee.
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For systems with known track record, any deviations from required testing as described in this
document shall be identified via a gap-analysis for discussion on a project basis in accordance with
ISO 12736-2 and I1SO 12736-3.

With the exception of thermal conductivity measurements per Annex B, validations carried out
according to ISO 12736:2014%Y are valid, provided such validation was started before publication of this
document.

1) Withdrawn.
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7.6.2 Content of the validation dossier

7.6.2.1 Technical validation documentation

The system provider shall provide technical validation documentation that at least includes the
following, except where otherwise stated:

a) System summary:

b)

d)

the system

llation and

1) description of the materials and the system tested (including the anti-corrosion coating
considered);

2) system maximum rated temperature and maximum rated pressure as specified by
provider and explanation of the drivers for the ratings;

3) system minimum and maximum temperature guidelines for storage, handling, inst4
corresponding recommendations and installation restrictions, if applicable;

4) anti-corrosion coating proof of performance in accordance with 7.7:

NOTE This item is not relevant for pre-fabricated insulation.

Insulation materials:

1)
2)

3)
4)
5)

classification of insulation materials as per Table 1;

material maximum and minimum rated tempetature for each insulation material 3
by the system provider and explanation of thexdrivers for the ratings;

SDS for each insulation material;
recommended shelf life and storage instructions;

certificate of analysis from theumaterial manufacturer, for each insulation material
the validation testing, with thefollowing information:

i) product name and manufacturer;
ii) manufacturingplant;

iii) date of manufacture;

iv) batchnumber;

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

vi) date of issue;

s specified

as used in

applicable

) cignatiien of b oo nd narcannnl Goazieh oo

6)
7)

nd function).
e+

} a-a
VI SToTOtUT O OT U troT IZC O pCT SUTITICT (VY ToIr ITorircor CITCTTOTTy,

summary of test data as per Table 2 for each individual insulation material;

full test data for each individual insulation material in accordance with 7.2.

As applied system: APS, ITP and QC report for the application process of the complete system, with
the exception of pre-fabricated insulation, including test data relevant for the establishment of ITP
requirements on a project basis.

Full scale testing: test procedures and test results for the complete system as applied, with the
exception of pre-fabricated insulation, in accordance with 7.3.
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Consideration of repairs to the insulation materials in accordance with 7.4: the maximum level of
damage that can feasibly be repaired along with a documented repair procedure and recommended

materials including results of adhesion in accordance with 7.4.

Identification of potential risks to long-term system performance and mitigations in accordance

Gap analysis to the requirements of this document in accordance with Clause 6 and 7.6.1.

Any additional relevant historical data.

est reports

ence to this document (i.e. ISO 12736-1:2023);
t laboratory (e.g. name and address);
e of each test;

hils necessary to identify the materials and the system (e.g. manufacturer, names or refere
rs of the products, batch numbers, applicator);

of test specimens and manner of manufacture;

bcedures followed for the tests carried out and thecduration of each test, including yea
htion for any relevant standards;

ults for each test sample;

viation from the test methods specified;

e)
repair
f)
with 7.5.
g)
h)
7.6.2.2 1
The testre
a) arefer
b) the tes
c) theda
d) alldet
numbg
e) source
f) the pr
public
g) theres
h) anyde
i) anyu

usual features observed.

The test report shall explicitly state that the test equipment and procedure was in accordance with
relevant [

ernational Standards in Table 2.

The test report shall be signed by the person performing the tests and by the laboratory manager o
another authorized representatjve‘ef the laboratory.

7.7 Anti

Itis not thg
wet therm
maximum

Proof of pe

-corrosion codating documentation

purpose of this document to specify a qualification program for anti-corrosion coatings.
hl insulatioh system provider can select any anti-corrosion coating suitable for the sys
rated temperature and with which the system will provide the desired performance.

rformance of the proposed anti-corrosion coating as per a specific industry standard s

ports to be added to the validation dossier shall contain at least the following informatiop:

=}

nce

the

The
tem

hall

b t,-l Bt £ 1 Ldot: oo 1ol a1 atian £ 41 Ldotioa Jd iaxe foi
e presen U aS—partc O o varraatroTT GUSSTCT, vy ol chc CACTPTIOT UT CrirC— v armaatroI GO SSTCT 10T

fabricated insulation.
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Annex A
(informative)

Guidelines for using this document

A.1 General
J—=enelrat

The intention of this annex is to provide guidelines for using this document.

The relation between this document and ISO 12736-2 and ISO 12736-3 is represented‘in Figure A.1.
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IS0 12736-1, Validation of materials and insulation systems
Material class
identification
Material System
validation validation
Supplementary data Validation Supplementary data
dossier
ISO 12736-2, Qualification processes for production [SO 12736-3, Interfaces between systems, field joint

and application procedures

PROJECT A/B/C ..

Validation Project
dossier specific design
considerations,

Application
procedure
specification

Inspection
and test plan

Procedure
ualification trial

(optional)

!

Pre-production

trial

!

Production

testing

systems, field repairs and prefabricated-ifisulation

PROJECT A/B/€ \.

Validation
dossier

Project
specific design
considerations

Application
procedure
specification

Inspection
and test plan

Procedure
qualification trial

(optional)

!

Pre-production

trial

!

Production

testing

ISO 12736-
The delivera

ISO 12736-

the validatig

focuses onrequirements for the validation of the material(s)and the wet thermal insulation sys
ble from JS©112736-1 is a validation dossier for the wet thermal insulation system.

P focuses*on the requirements for the project specific qualification, production, and repair of
thermal inspilation(systems applied to pipelines in a factory and subsea equipment. The input for ISO 12736
nCdpssier from ISO 12736-1. The results of the PQT, PPT and production testing are fed back intd

fem.

wet
2 is
the

validation d

USSICI.

ISO 12736-3 focuses on the requirements for the project specific qualification and production of the interfaces
between wet thermal insulation systems and field repairs. The input for ISO 12736-3 is the validation dossier from
ISO 12736-1. The results of the PQT, PPT and production testing are fed back into the validation dossier.

Figure A.1 — Relation between this document and ISO 12736-2 and ISO 12736-3

A.2 Material classes

Wet thermal insulation is provided by materials that are applied to the steel substrate of the pipeline or
subsea equipment. These materials can be applied in discrete layers which make up a system. Table 1
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identifies the known classes of materials. All insulation materials presently used for wet thermal
insulation are defined by this class system.

The performance of new innovative insulation materials and technologies, when developed at an
industrial level, should be compared to the current technologies and defined in accordance with the
classes presented in Table 1.

A.3 Material validation

An insulation material in an insulation system is validated to the material maximum rated temperature
andmaxXimum rated pressure as speciiied by the system provider and as detailed in this doqument.

Theg material maximum rated temperature is not necessarily the same as the systemmaxijmum rated
tenperature. This is because the specific material being validated might not, when part of a system,
experience the system maximum rated temperature due to the thermal gradientthrough the system

fro

Bas
pre
mat

Thd
mat

Sub
mat
che

Thd

A4

Pre
spe
Sys

the hottest point (in contact with the steel) to the coldest point (in contact’with the sed

ed on the validation dossier, the system purchaser can determine their own tempe
tsure limits for usage which may not match to those given in thé validation dossier
erials and/or system).

erial.

sequently, small-scale exposures are required to validate the material per 7.2.2. F
erials, wet heat exposure at pressure sufficient to prevent boiling is suitable to addred

Wet thermal insulation system validation

Lfabricated insulation can form part of a system, but these systems are typically bespoke
Cific to a project with specific, considerations in contrast to direct applied insulatio
em validation of pre-fabricatéd insulation is outside the scope of this document and on|

validation is considered.

Thd

As s
cor

wet thermal insulation system application is the responsibility of the system provider.

‘osion coating:\The system provider can select a suitable anti-corrosion coating with

insylation materials will provide the desired performance.

Ino
Sys

rder towalidate the system, the system provider is required to apply the full wet therma
emsincluding all materials from anti-corrosion to outer sheath (if applicable) as it would H

to I

é-applied during a commercial project. An initial APS and ITP are required for the

validation testing of the material is considered the responsibility of the system provider.

water).

Fature and
(either for

as-applied general properties as specified in Table 2 aresthe’ first part of the validation of the

pr Class A
s potential

mical changes and there is no need to assess for mdterial collapse as with Class B and C materials.

and highly
1. As such,
ly material

tated in 7.7, it ishiot the purpose of this document to specify a qualification program f¢r the anti-

which the

insulation
e expected
hpplication

process. The types of testing that would be expected during project qualification of the wet thermal
insulation system, as described in ISO 12736-2:2023, Clause 8 and ISO 12736-3:2023, Clause 8, can be
used as input for the initial APS and ITP.

Validation of the system provides insight into its expected installation and operational performance,
but can evaluate neither all possible system variations, regarding relative material layer thicknesses
and build-up of multiple similar layers, nor commercial project specific requirements. For systems
applied to field joints, not all potential variations of interface can be considered. If required, installation
and operational performance can be confirmed on a commercial project basis, as needed as per
[SO 12736-2:2023, 7.3.2 and ISO 12736-3:2023, 7.3.2. Certain tests, such as clamp and tensioner testing,
stinger roller testing and simulated cyclic bend testing for fatigue, depend significantly on commercial
project parameters and are therefore not included in validation. For system validation, the system
provider is responsible for selecting the relevant parameters.
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Potential pipeline installation method(s) and operating envelope (i.e. temperature, pressure), which
specify the test program to be performed by the system provider to validate the wet thermal insulation
system, depend on the location for use; i.e. pipelines (including risers but excluding field joints and
jumpers), field joints, jumpers, or subsea equipment. The system provider is responsible for identifying
the applicable tests from Table 3.

System installation tests considered for inclusion within the validation dossier, as listed in Table 3,
include simulated bend tests (see 7.3.3.1), system shear resistance testing at ambient temperature (see
7.3.3.2) for pipelines, excluding field joints and jumpers, and adhesion testing for field joints (see 7.3.3.3
and 7.3.3.4).

The pipelie simulated bend test in system validation is required only for pipeline systems, including
field joint gystems, which are expected to be installed by R-lay. Bending requirements for othér foms
of pipeline|installation are considered only at the project stage. Where a mainline system is'subje¢ted
to a bending test as part of a field joint system test, the combined test is also considered\to meet{the
requiremehts of the stand-alone mainline system test.

In-service |system tests considered for inclusion within the validation dossier, ds listed in Table 3,
include sy$tem shear resistance testing at operating temperature (see 7.3.3.2), impact testing [see
7.3.3.5), sijnulated service testing (see 7.3.3.6 and 7.3.3.7), and small-scale fulk.syStem exposure tesfing
(see 7.3.4).

Impact testing (see 7.3.3.5) is performed on pipelines to evaluate for resistance to damage during
handling of operation. This is not required for wet thermal insulation.applied to subsea equipment, as
these strudtures are protected by detailed handling procedures/lifting plans and protective structures
in operati

Simulated $ervice testing of pipelines (see 7.3.3.6) for the full:system is performed on a pipe geometrjy to
validate thg in-service performance of the system undersshort-term conditions. The system is expdsed
to heat in the pipe interior and externally to cold watefiunder pressure. The test evaluates the phydical
integrity of the system under temperature and pressure as well as the measured system U-value pnd
compressi¢n in comparison to the theoretical system values based on small-scale material tests ffom
Table 2. If nore than one system is included in the test, such as inclusion of a field joint system, it shguld
be ensured that the systems are isolated fronteach other during the test and do not affect one another.

Simulated pervice testing of the full-system for subsea equipment (see 7.3.3.7) is performed on a more
complex gdometry, representing shatpangles and large applied insulation volumes with a construction
joint, to bdtter represent the unique challenges of the application that can affect the integrity of|the
system. Thermal and pressure.cycling is also performed to stress the system and better evaljate
for risks t¢ the system integrity. The testing geometry has been simplified compared to the method
described |in ISO 12736:2094 to represent the most problematic areas. It is recognized that|the
geometry is not truly réprésentative of all subsea equipment. Additional testing may be requested ¢n a
project levgl as per JS012736-2:2023, 7.3.2. At the system supplier’s discretion, the straight section of
the specinjen can bée/instrumented similarly to Annex G to also measure for U-value and dimensi¢nal
changes to|the,system under short-term conditions.

The transiénthehaviour of the em (e.g. time to cool-down to a specified temperature) is notincluded
in simulated service testing due to the large effect of the pipeline or subsea equipment contents on the
test results. Multi-zonal heating is required for the test to minimize axial heat flow due to end effects
and thus the interior contents of the pipe during the test is neither representative of the pipe contents
in service nor straightforward to characterize.

Small-scale full system exposure testing (see 7.3.4) is to provide test data, which can be considered
when assessing the potential risks involved with using the system under specific service conditions
including the expected response of system interlayer bonds (i.e. insulation to anti-corrosion coating,
material layer to material layer) when exposed to defects allowing water ingress during service.

24 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=ac23f9f644e60185b32acb15bbaaf5ab

1SO 12736-1:2023(E)

A.5 System repairs

As stated in 7.4, to demonstrate consideration of the potential for repair of the applied system in case
of imperfections during application or damage to the system during storage or handling, the system
provider is required to indicate whether the system is repairable and what level of flaw should be
considered superficial, i.e. not affecting system performance.

Validation of repairs considers only repairs within a system or at construction joints. Repairs across
interfaces where the two systems are dissimilar do not require validation and are considered at the
project phase only as described in ISO 12736-3.

In

e case of systems that are considered to be repairable, the system provider is alsg, 1

document the procedure for effecting the repair and suitable repair materials. The systel
is then required to characterize the repair materials for at least thermal conductivity, s
cappcity and density as per Table 2. Testing of the bond strength of the repait\materiz

ins
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lation material(s) that make up the system is also required.

Validation dossier

output of the validation testing for the materials, the wet thegxmalinsulation system, 4
hirs, described in 7.2, 7.3 and 7.4, respectively, creates the validation dossier. The preparg
ation dossier is the responsibility of the system provideriSee 7.6.2 for the requiremsg
ation dossier.

data generated in the preparation of the validation dossier is utilized to characteriz
elopes for installation and operation as well as to identify risks to long-term system pe
mitigations as per 7.5. The result of this analysis is also included within the validation d

validation dossier can be consideredsa standalone document that provides the system
n the information required to detexmine if a wet thermal insulation system is suita
mercial project under consideration:

orical data can also be included to supplement the testidata within the validation dossief.

equired to
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B.1 General

Annex B
(normative)

Thermal conductivity testing

Thermal cpnductivity is a key material property that directly influences required system, de
thicknessep to achieve target thermal insulation performance. As such, it can potentidlly” hav
significant|effect on overall project economics, especially in the case of insulation for long flowlines
It has been demonstrated that a variation as small as 0,001 W-m1-K1 is equivalent;te’a potenti

significant]
this order

Testing of t
thermal in
unidirectid
are prefert
which, if W
method as
certified r¢
about 3 %.

Given the
measurem

change in the system cost.[12] It was also noted that a variation in thermial conductivity
s not detectable in any system performance testing.

hermal conductivity is a challenging endeavour with the potential foylarge uncertainties.
bulations with conductivity values in the 0,01 W-m1-K1 to 1,00 W-m1-K-1 range, steady s
nal measurement techniques, such as the guarded hot plate.and heat flow meter technig
ed.l11] The guarded hot plate test method as detailed in ISO8302 is an absolute test met]
rell performed, can have an uncertainty as low as 1,0 % [ZL[11], The heat flow meter

detailed in ISO 8301 is a comparative test method which, if well performed and utilizi}
ference material with an uncertainty of 1 % to 2 %) can have an associated uncertaint
11] However, poorly conducted tests can easily havé’uncertainties of 10 % or even higher

mportance of the thermal conductivity preperty and the large potential for variatio
bnts, this annex provides requirements ahd guidance for the application of ISO 8301

bign

e a
[12]
ally
f on

For
[ate
ues
hod
test
g a
y of
[10],

1 in
and

ISO 8302 t
test types:

b the testing of wet thermal insulation,These measurements can be split into four sepafate

Al: ials

(20,1

asurements for the purposelof generating design values for high k-value mater
-m'1-K1) (see 7.2);
B1: m¢asurements for the purpose of project procedure qualification for high k-value mateifials
(20,1 W-m1.K1) (see ISO 12736<2 and ISO 12736-3);

A2:
(<0,1

easurements for“the purpose of generating design values for low k-value materials

-m1-K1) (see Z:ZY;
B2: m¢asurements-for the purpose of project procedure qualification for low k-value mateifials
(<0,1 W-m'1-K-{)\(see ISO 12736-2 and 1SO 12736-3).

It is preferred‘to be able to sample directly from the applied system, but this requires the testing of
small sampleZsizes due to pipe curvatures or other features that are found in typical system geometries.

ISO 8301 conformant heat flow meter test instruments capable of testing 2” diameter specimens
are available for the thermal conductivity range of >0,1 W-m-1.K-1. This does not apply for the range
<0,1 W-m'1-K'1, where commercial instruments utilize larger samples sizes, typically 8” square or 12”
square, due to challenges with heat losses at sample edges in small samples with low k-value.

ISO 8302 guarded hot plate instruments utilize larger sample sizes. Recommended dimensions are
0,3 m or 0,5 m square or diameter with sizes 0,2 m or 1 m square or diameter in special cases. The
testing for guarded hot plate measurements requires experienced personnel. This testing is much more
complex and expensive than heat flow meter tests [111,

As a result, testing for test types Al and B1 shall be in accordance with ISO 8301 and testing for test
types A2 and B2 shall be in accordance with either ISO 8301 or ISO 8302. Testing for the purpose
of generating design values (see 7.2) shall be stringent to minimize potential errors. Testing for the
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purpose of project procedure qualification can be relaxed, as the purpose is to confirm that

the design

thermal conductivity has been achieved to within an uncertainty of #10 %, as further detailed in

[SO 12736-2.

This annex focusses on testing of test types Al and A2 for validation. Project-based testing of test types

B1 and B2 is described in ISO 12736-2.

B.2 Calibration reference materials

In testing via heat flow meters, identifying appropriate reference standards in the range

of interest

for materials used In wet thermal Insulation 1s complicated: nominally approximately 0,0
to (0,25 W-m1.K1. I[SO 8301 requires that calibration standards have been issued by a
stapdard laboratory”.

NOTE Development of reference standards is performed by international organizatiens, such as {
for Research and Reference Materials (IRRM) and national organizations like National Physical
(NPL), National Institute of Standards and Technology (NIST), Laboratoire Natignal de Metrologi
(LNE) or National Institute of Advanced Industrial Science and Technology (AIST). These organ
supply certified standards with an estimated uncertainty.

Offgrings from recognized standard laboratories are limited and are*generally available a
high thermal conductivities (>1 W-m1-K1) or very low thermal’conductivities (around
LK) with variable levels of associated uncertainty.ll1] Certified reference standards typ|
uncertainties up to 2 % but analysis reference materials cariiave uncertainties as high as 6,
polymethylmethacrylate reference material, available fromNPL, sits within the range of inte
thefrmal insulation (0,190 4 W-m'1-K-1), but has an assoctated uncertainty of 4,0 %.[8] These
refgrence standards are only available in larger sample’sizes as would be utilized in ISO 83
hot|plate testing. While these samples can be machined into smaller specimens, there is t
for additional uncertainty due to possible sample heterogeneity.

Even when testing with a calibration standard that has low uncertainty, accuracy of the te
be gompromised if the calibration standdrd is not similar in density, thermal resistance, thig
foam structure (open versus closed. celVcontent) to the material of interest. The calibratio
with the closest thermal resistance to’'the specimen to be tested is typically the most prefer}

The conclusion is that ideal reference standards for testing of thermal conductivity for w
insyilation do not currentlyexist. As such, it becomes necessary to extend the definition of
calipration reference standards from the strict definition as applied in ISO 8301 to:

a) |thoseissued byarécognized standard laboratory;
b) |those issued /by the heat flow meter manufacturer;
c) |those transfer standards with a certified value as tested by ISO 8302 obtained from a

standard laboratory.

B W-m-1.K1

“recognized

he Institute
Laboratory
e et d’Assai
zations can

L only very
0,03 W-m-
ically have
5 %.121 The
[est for wet
calibration
2 guarded

potential

st will still
kness, and
h standard
ed.

et thermal
acceptable

Fecognized

If théfransfer standard is to be machined from a larger test piece and cannot be tested

directly, it

shall be demonstrated that the specimens produced from the larger test piece have identical thermal

resistance to within +1 %.

Table B.1 provides a non-exhaustive list of commercially available calibration reference materials.
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Table B.1 — Commercially available calibration reference materials

Type of reference stand-

Thermal conduc-

Temperature range

Identification/Description? tivity
ard °C
W.m'l.K-l
SRM NIST 1453
0,033 8to 40
Certified or standard refer- Expanded polystyrene board
ence materials (CRM/SRM) SRM NIST 1450d
0,032 7 to 67
Fibrous glass board
NPL Fe09
83,5 100 to 500
Pure iron
SRM 8420
779 —271to 727
Electrolytic iron - rod form
NPL 2S09
14,6 100 to 500
Inconel® 600
NPL 2509
_ 14,3 100 to 500
Analysis rdference materi- Stainless Steel 304
als (RM) Pyroceram™ 9606 - BCR 724
3,84 —75to 752
Glass ceramic
BCR-039C
1,143 8 —75 to 195
Pyrex® glass
NPL 05/01
0,190 4 —10 to 60
Perspex®
IRMM-440
0,0316 —10to 50
Resin bonded glasgfibre board
Pyroceram™ 4,091 0 to 100
_ Pyrex® 1,073 —10to 110
Equipmenf me!nufacturer Vespel® 0,376 10 to0 110
sypplied
Polycarbonate 0,216 3 —51t0 105
Perspex® 0,187 2 —10to 60
a  Inconel®, Pyroceram™, Pyrex®, Perspex® and Vespel® are examples of suitable products available commercially. This
informationlis given for the cgnyehience of users of this document and does not constitute an endorsement by ISO of thjese
products.
B.3 Testing requirements
B.3.1 Te!

B.3.1.1 General

Testing for test type A1 shall be in accordance with ISO 8301 with the specifications and modifications
as described in B.3.1.2 to B.3.1.4

B.3.1.2 Equipment

Test equipment shall conform to ISO 8301 and accept 55 mm = 5 mm diameter specimens. Calibration of
the equipment shall be performed in accordance with B.4.2. Equipment shall be capable of performing
sample thickness measurements to the nearest 0,01 mm, with applied platen pressure and at the test

temperature.
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B.3.1.3 Samples

For materials in the high k-value range (0,1 W-m-K1), potential errors due to surface contact
resistance between the sample and sensors should be considered. Thus, testing of multiple thicknesses
is necessary to estimate this error.

Samples shall be preferentially obtained from applied material. For specimens not taken from
coated pieces, the method of manufacture shall be clearly stated and should produce test pieces of
demonstrated similar density and void structure to coated pieces.

Samples shall be 55 mm * 5 mm in diameter and shall be of three thicknesses covering a range of at least
10 jam with no thickness <5,0 mm. There shall be two replicate samples at each thickness..Epch sample
shopld have smooth flat surfaces. Samples with hardness 290 Shore A shall demonstrate a’parallelism
of 40,01 mm as determined by thickness measurements in five different locations as-per [Figure B.1.
Flagness shall be determined by placing the sample on a known flat surface, with aright sodyrce behind
the|sample. There shall be no visible light between the flat surface and the sample.Surface. For samples
with hardness <90 Shore A, the provisions in Clause B.6 apply.

Figure B.1 — Test type A1/B1 thicknéss measurement pattern

B.3]11.4 Testing

Each sample shall be tested in triplicate in accefdance with ISO 8301 within the temperatufre range of
intdrest. Between replicate measurements,the sample shall be removed and remounted. Fof testing at
eleyated temperatures, the provisions inClause B.5 apply. For calculations, the provisions in Clause B.8
shall apply.

B.3[2 Test type A2 - Designitesting of low k-value materials (<0,1 W-m-1-K-1)

B.3|2.1 General

No fest equipment is ctirrently available to test small samples within the thermal conductivity range of
<0,1 W-m-1.K1, Large-specimens shall therefore be utilized. Design testing of low k-value mdterials can
be dlone in accordance with either ISO 8301 or ISO 8302 with the specifications and modifications as
desfribed in Bs3.2.2 or B.3.2.3, respectively.

B.3]2.2 Testing to ISO 8301

B 3 2.9 1 A - i
[ Y “TY“TP.Y l.a!lbllplllclll

Test equipment shall conform to ISO 8301 and accept 200 mm x 200 mm specimens. Calibration of
the equipment shall be performed in accordance with B.4.3. Equipment shall be capable of performing
sample thickness measurements with applied platen pressure and at temperature to the nearest
0,01 mm.

B.3.2.2.2 Samples

For testing of materials with a k-value <0,1 W-m'1-K-1, larger sample sizes shall be used, which can be
difficult to retrieve from applied material. As such, samples shall be preferentially taken from applied
material, but may be separately produced in which case they shall be demonstrated to have similar
density and, in the case of blown foams, similar cell size, cell number density and open cell content.
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Samples shall have a dimension of (200 mm * 5 mm) x (200 mm * 5 mm) and shall have a minimum
thickness of 20 mm. There shall be three replicate samples.

Each sample should have smooth flat surfaces. Samples with hardness 290 Shore A shall demonstrate
a parallelism of 2 % over the total surface area (thickness +1 %), as determined by thickness
measurements in 13 difference locations as per Figure B.2. Flatness shall be determined by placing the
sample on a known flat surface, with a light source behind the sample. There shall be no visible light
between the flat surface and the sample surface. For samples with hardness <90 Shore A, the provisions
in Clause B.6 apply.

a ab b
aC bC

ad C be
dc eC

d de e

Figure B.2 — Test type A2/B2 thickness square measurementpattern

B.3.2.2.3 |Testing

Each sampje shall be tested in triplicate in accordance with ISO 83071 within the temperature range of
interest. Between replicate measurements, the sample shall be réemoved and remounted. For testing at
elevated tgmperatures, the provisions in Clause B.5 apply. For calculations, the provisions in Clause{B.8

apply.
B.3.2.3 Testing in accordance with ISO 8302

B.3.2.3.1 |Equipment

Test equipment shall conform to ISO 8302 and testing shall be performed by a laboratory competent in
thermal copductivity measurement in accordance with ISO 8302.

B.3.2.3.2 |Samples

For testing of materials with@kvalue <0,1 W-m-1.K-1, larger sample sizes shall be used, which caf be
difficult to|retrieve from applied material. As such, samples shall be preferentially taken from appllied
material, Hut may be separately produced in which case they shall be demonstrated to have sintilar
density angl, in the case'0f blown foams, similar cell size, cell number density and open cell content.

Samples sdts shall'have dimensions as required for the available equipment and shall have a minimpum
thickness ¢f 20 ‘min per each sample. There may be one or two samples in a set, as required for|the
available eguipment. There shall be three replicate sample sets.

Each sample should have smooth flat surfaces. Samples with hardness =90 Shore A shall demonstrate
a parallelism of 2 % over the total surface area (thickness *1 %), as determined by thickness
measurements in 13 different locations as per Figure B.2 or Figure B.3. Flatness shall be determined
by placing the sample on a known flat surface, with a light source behind the sample. There shall be no
visible light between the flat surface and the sample surface. For samples with hardness <90 Shore A,
the provisions in Clause B.6 apply.
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2.3.3 Testing

h sample set shall be measured in triplicate in accordance with ISO 8302 within the td
be of interest. Between replicate measurements, the sample sets shall be removed and re

Calibration for testing in accordance with ISO 8301

.1 General

roperly calibrated with a reference material that is similar in density, thermal resistance
foam structure (open versus closed cell content) to the material of interest.

omparing tests utilizing different calibration materials, the one utilizing the calibratid
h the value closest to that of the sample of interest should generally be considered to h
iracy.

E Appropriate reference materials are-described in Clause B.2.

.2 Calibration for high k-value materials (20,1 W-m-1:K-1)

calibration procedure described in this subclause is based on a two-thicknesses method
'mal contact resistance is‘taken into account for the thermal conductivity determination

heat flow meter apparatus shall be calibrated or verified within 96 hours before or af

ilarly performed-with one or various calibration standards / reference materials aiming
stability of the-calibration. The thermal conductivity determined during verification sta
er more than1 % from calibration stage.

letermine average calibration factors, three calibration runs shall be performed. The
shall be run using standards with documented thermal conductivity at the mean temp

int

mperature
mounted.

equipment
thickness,

n material
hve greater

where the

fer the test
on may be
to validate
be shall not

calibration
eratures of

rest. Extrapolation to other temperaturesis notallowed, while interpolations are notrec

mmended.

The temperature gradient or temperature difference between the isothermal plates should be set to
10 °C or 20 °C depending on the thermal properties of the test material (higher thermal resistance
of the specimen, higher temperature gradient is needed). The calibration shall be performed with the
same temperature gradient (temperature difference between the isothermal plates) expected for the
test specimens.

If, due to the surface condition of the test specimen (e. g. unevenness of the surface), the use of a thermal
paste or polyimide thin film is required for the thermal conductivity determination (see Clause B.7),
the calibration run shall be performed using a thin film of thermal paste / polyimide thin film applied
with the same procedure as the test specimen. The use of thermal paste for thermal conductivity
determinations should be avoided if possible. In general, calibration shall be performed under the same
testing conditions as the test specimen.
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Calibration runs shall be performed using at least two specimens of the reference material with
different thicknesses. The difference in thickness shall be 23 mm. More than two specimens of reference
materials with different thicknesses may be used to reduce the calibration uncertainty.

During the calibration runs, the upper and lower plate temperatures (T, and T},,,.) and the upper
and the lower heat flux transducer signals (Qypper and @ gyer) shall be continuously recorded.

The existence of thermal equilibrium shall be verified by observing and recording:

a) the transducer output of the heat flux transducer, in which the output shall vary by less 1,5 % in
respect to the mean value;

b) the mdan temperature of the specimens;

c) the temperature at both surfaces, in which temperatures shall vary by less than 0,5 °C id respedt to
the mdan value.

The thermgl equilibrium shall be satisfied in at least 16 successive blocks / observatiens.

Average _h pat flux transdl_lcer signals (QUpper_,Average and Qyower,Average) Shall-be” determined uging
informatiop from the last six blocks / observations.

Using thrde different runs, the calibration factors for the lower andupper plates (Sc,) and |the
calibration| contact resistance (R,;) shall be calculated in accordance with Clause B.8.

The calibration factors (Sc,upper Scal,Lower) an.d calibration surface contact resistances (ZRC.al_U,per.
2Rca1 Lower) Shall be calculated for both plates using Qypper, average-@1d @ ower, Average data, respectively.

B.4.3 Calibration for low k-value materials (<0,1 W:m1-K-1)

The calibrption procedure for low k-value materialsshall be as the calibration procedure for high
k-value materials (see B.4.2), with the exemption thatthe calibration shall consist of testing only a sipgle
thickness ¢f the reference material. Only calibration factors, and not calibration contact resistanices,
shall be calculated for both the upper and lower;platens.

B.5 Testing at elevated temperatures

The infornjation provided in this annex is primarily focused on testing at ambient temperature. Tesfing
at elevated temperatures introduces additional complexities, which reduces the precision of|the
test even flurther. This includ€s issues related to edge losses, further reduced options for calibrafion
reference materials, thermial expansion of the sample, softening and deformation of the specimen,
and potentfial differences’in the temperature response of calibration materials versus the materials of
interest.

For testing at elévated temperature, it is recommended to utilize the calibration material with|the
closest thermadl conductivity to the material in question at ambient temperature (calibration material A).
If the prefdrréed calibration material is not capable of testing up to the highest temperature of intearrest,
then the calibration material with the next closest thermal conductivity to the material in question at
ambient temperature and capable of testing through the full temperature range of interest (calibration
material B) can be utilized directly, if it can be shown that the difference in results at ambient
temperature when utilizing calibration material A versus B is within #3 %. If the result at ambient
temperature when utilizing calibration material A versus calibration material B is not negligible, then
testing should be performed against calibration material A up to the highest possible temperature.
Additional testing shall be performed against calibration material B in a temperature range overlapping
that of calibration material A and up to the highest temperature of interest. The thermal conductivity
results with temperature against calibration material B shall then be vertically translated until it best
overlaps with results from calibration material A to provide thermal conductivity values over the full
range of interest as shown in Figure B.4
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In cases where heating results in softening of the specimen, provisions in Clause B.6 should also be

considered.
YA
%
-—
— - - -
/ —
X

Key
X |temperature (°C) A results with calibration material A
Y [thermal conductivity (W-m1-K1) B results with calibratien material B

Figure B.4 — Correction for testing at elevated.temperature

B.q Testing of soft samples (<90 Shore A)

Soft samples with a Shore A hardness of <90 can be very difficult to prepare to a high-djmensional
tolgrance. They additionally have a tendency for continuous or excessive sample deformation during
the[test due to the applied platen pressure. Testing variance can be reduced by the utilizatiop of thicker
spefrimens, to minimize the effect of surface contact resistance on the measurement, and a rigid support
aropind the specimen during the test to preventlateral movement and reducing overall defoymation.

For|specimens with hardness of <90 Share A, specimens should be prepared as closely as pogsible to
thefrequirements given in B.3.1 and B:3.2. Additionally, specimens for testing of high k-valug
(=0J1 W-m-1:K-1) shall be a minimuri of 15 mm in thickness.

Deslign of the rigid support surfounding the specimen should be such that the specimen sits gnug within
the[support. The height of the’/support shall be the thickness of the specimen less 1,5 min + 1 mm.
The material chosen for-the’support shall have a thermal conductivity of <0,5 W-m1.K-1 | preferably
<0,3 W-m1-K-1, and shall\be suitable for the temperature range of interest.

Megsurement of gpecimen thickness for the purposes of calculating thermal conductivify shall be
performed undé€r-the same applied pressure and temperature as the test condition. In-sity thickness
megsurement.isa feature of many heat flow meters.

B.7 ,Special considerations for specimen surface condition

B.7.1 General

In special cases where imperfect surface conditions cannot be avoided, the recommendations in B.7.2
and B.7.3 are provided. If recommendations are used, these should be clearly documented in the report
(see also Clause B.9).

B.7.2 Rough or uneven surface

In some cases, it can be difficult to achieve a smooth and flat specimen surface. For soft specimens
(Shore A hardness <90), the pressure from the testing platens is expected to deform the specimens and
minimize any surface contact resistance errors. For harder specimens (Shore A = 90), it can be necessary
to utilize a thin film of thermal paste to minimize surface contact resistance. The thermal conductivity
of the thermal paste shall be the same or greater than the thermal conductivity of the test specimen.
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In choosing a suitable thermal paste, the usable temperature range and chemical compatibility with
the specimen to be tested should be considered. When applying thermal paste, it should be applied
sparingly to fill-in any small gaps that can exist between the sample and the test platens and should not
form a continuous layer.

In the case of test type A1, so long as all specimens are of similar surface quality, the use of thermal
paste is not needed as surface contact resistance is determined and removed in calculations. Where
specimens are of differing surface quality or in the case of test type B1 where the surface condition
of the specimen and the calibration reference specimens differ, the use of thermal paste will reduce
measurement error.

In the casq of test type A2 and test type B2 specimens, the use of thermal paste might not be needed
as the thermal resistance of the entrapped air at uneven interfaces between the specimen and‘the fest
platens can be on the same order as the specimen itself. Thermal paste need not be utilized;-f it|has
been previpusly demonstrated that testing with or without thermal paste results in the same resplts
with +3 %

B.7.3 Tagky surfaces

In some caes, the material surface can be tacky, especially at high temperatute; which risks damage to
the testing| platens. If this is the case, thin film sheets of polyimide (0,025 4 mm to 0,050 8 mm) canp be
utilized befween the specimen and testing platens. Highly conductive films) such as aluminium, are{not
recommenfed as the creation of a continuous highly conductive plane ¢an result in cross-talk betwjeen
sensors onftest platens.

In the cas¢ of test types Al and B1, the thermal resistance ‘0f’the polyimide film is similar to|the
specimen gnd introduces minimal error given the thickness.dfithe film in relation to the specimen. [The
effect of the film is included in any calculations for surface eontact resistance.

In the casq of test types A2 and B2, the thermal resistance of the thin polyimide film is negligible in
comparisoh to the thermal resistance of the sample-and introduces minimal error.

B.8 Calqulations

B.8.1 Calculations for test type Al
The two-tHickness calibration factor shall be calculated in accordance with Formula (B.1):

ATX/lRef Mat ><(QRef Mat ave,1 — QRef Mat ave,2 )

SCalz = ( B'l)

QRef Mat ave,1 ><QRef Mat ave,2 X (XRef Mat ave,2 ~ XRef Mat ave,1 )
The three-thickness'sample contact resistance shall be calculated in accordance with Formula (B.2}:

A ( 3 s T ) R —ﬁmn] ]

2Rsam_ Jle = Tave — —_ 5 X Xave (B-2)
L Lizl(xave,i _Xave) J
AT
where R, ; o x5
Qave,i X Cal,

The three-thickness sample thermal conductivity shall be calculated in accordance with Formula (B.3):

3 Xave,i
lsampleAl = Z i-1 AT . +3 (B.3)
-2R

sample
Qave | X SCa12
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B.8.2 Calculations for test type A2
The single thickness calibration factor shall be calculated in accordance with Formula (B.4):
AT X ARef Mat

Scal, = (B.4)
1
QRef Mat ave X XRef Mat ave

The single thickness sample thermal conductivity shall be calculated based on the single thickness
calibration in accordance with Formula (B.5):

X
/LsampleAZ = + (B.5)
Qave XS Caly

B.9 Reporting

The report of the results of each thermal conductivity test shall include the following information with
all data to be reported in SI units:

a) |identifiers to allow traceability back to the individual measurements taken during the test
performed, including:

1) name;

2) physical description;

3) hardness;

4) method of manufacture;

5) testtype (Al or A2);

6) any other pertinent identification of the material;

b) |thickness and parallelism of the€ specimen as received and as tested;
c) |use of thermal grease or pretective film;

d) |for conditioned specimens:

1) the method andenvironment used for conditioning;

2) the massfloss of the specimen during conditioning and testing, in percentage of donditioned
mass;

3) theunass regain of the specimen during test, in percentage of conditioned mass, if measured.

e) |mahufacturer and model of equipment used;

f) average temperature gradient in the specimen during test as computed from the temperatures of
the hot and cold surfaces;

g) mean temperature of the test;

h) heat flux values and direction through the specimen;

i) thermal conductance, average and variation, in units of W-m-K-1 to three decimal places;
j)  duration of the measurement portion of the test;

k) date of test, the date of the last heat meter calibration, and the type or types of materials used for
calibration;
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1) validation of the heat meter calibration.

The specimens used in calibration shall be identified as to the type, thickness, thermal resistance, date
of specimen certification, source of certification, expiration date of calibration, and the certification
test number. Where applicable a statement of the laboratory accreditation of the test facility, including
the date of the latest audit, shall be included.

B.10 Accuracy and variance

When testing in accordance with ISO 8301, accuracy of this testing is highly dependent on accuracy

of the equ
to uncerta
associated

relative to

pment utilized in addition to the available calibration material. This alfects accuracy |due
nty in the measured thermal conductivity of the calibration material as well as the efror
with utilizing a calibration material of insufficiently similar density, thermal resistahce,
thickness ¢r foam structure to the specimen of interest. The effect of calibration material properjties

specimen properties on the accuracy of the measurement has not been well qudntified.

Variance i

manufact

testing between laboratories has been shown to be potentially high (50,001 W-m1-K{) if
calibration| and testing procedures are not carefully controlled. Samples have been evaluated across
multiple identical model instruments at various laboratories at 30 °C according to ISO 8301 and|the
er’s instruction manual. Results of these round robins are given in-Table B.2

Table B.2 — Round robin results - Testing in accordatice with ISO 8301

Sample Description Parallelism Number of | Average [* Minimum | Maximum | Ranpge
type testinstru- value value value o
mm ments %
Wl K1 W-m-1-K1 W-m-1.K1
A 65 Shore A 0,09 16 02776 | 02628 0,293 6 5,5
rubber
B 70Shore Dsolid | 4 s 15 01572 | 01507 0,162 7 +3,8
thermoplastic
65 Shore D inor-
C ganic syntactic +0,005 10 0,177 5 0,173 5 0,1819 2.4
thermoplastic
For hard samples (290 Shore A), it has been possible to reduce the inter-laboratory variance as gjven
in Table B3, if utilizing the same‘type of calibration reference material and the test type B1 tesfing
procedure provided in ISO 12736/2:2023, along with well-prepared samples.
Table B.3 — Royind robin results - Testing to ISO 12736-2:2023, test type B1
Sample Description Parallelism Number of | Average | Minimum | Maximum | Range
type test instru- value value value o
mm ments %
W.m-l.K 1 W.m-l.K 1 W.m-l.K 1
p |[OShoreDsolidl . g40¢ 6 64595 01575 | 04610 | ugh
thermoplastic - ’ ’ ’ -
65 Shore D inor-
C ganic syntactic +0,005 4 0,177 0 0,175 7 0,178 8 +0,9
thermoplastic

For soft samples (<90 Shore A), it has also been possible to reduce the inter-laboratory variance as given
in Table B.4, if utilizing the same type of calibration reference material and the test type B1 testing
procedure provided in ISO 12736-2:2023, along with a thicker specimen (18 mm to 20 mm) and a rigid
supportring.

36

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=ac23f9f644e60185b32acb15bbaaf5ab

1SO 12736-1:2023(E)

Table B.4 — Round robin results - Testing to ISO 12736-2:2023, test type B1 with
considerations for soft samples as per Clause B.6

Sample Description Parallelism Number of | Average | Minimum | Maximum | Range
type test instru- value value value o
mm ments %
WmlK!l | WmlKl Wem-L1-K1
25 Shore A sili-
Purple |cone elastomeric +0,08 11 0,299 9 0,289 9 0,3039 +3,6
thermoset
70 Shore A sili-
[TEy | CONE elastomeric %0,20 TT 0,234 9 0,227 0 0,243 % +3,5
thermoset
90 Shore A
Black | naturalrubber | g 5q 11 03245 | 03170 | 03346 || 27
elastomeric
thermoset
There is currently no similar information available for testing of test type Al, test type A2, and test
typg B2.
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Annex C
(normative)

Hydrostatic compressive behaviour/Tri-axial test procedures
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Two test s¢

set-up

set-up

static and tri-axial tests are used in the petroleum and natural gas industries, butthey
not equivalent. The hydrostatic compressive behaviour test can be utilized to obtain compressive ulk

d/or hydrostatic collapse pressure. The tri-axial behaviour test can be utilized to ob
e bulk modulus and/or tri-axial creep performance. The test procedurelproviding
ormation shall be selected by the system provider.

neral

1lation materials are subject to 3-dimensional hydrostatic compressive loads in deep w

f such materials are critical design inputs. In particular, inorganic syntactic foam mater
ne form of inorganic hollow filler (e.g. glass microspheres), which collapse at a spe
c pressure. This pressure is required for the\system provider to determine the matg
bperating water depth.

where inorganic hollow fillers are used_and where the hydrostatic collapse pressure of]
ow the pressure limits of the pressure vessel, there is an unambiguous collapse presg
to the catastrophic failure of thefiller. However, due to the vast combinations of inorg
r grades and matrix systems available, there can be instances where an ambiguous fai
ts. In these cases, the syster provider shall specify the hydrostatic collapse pressure v
e technical justification.

btatic compression test can provide both the hydrostatic collapse pressure of the mate

f the material allowing the bulk modulus to be calculated.
t-ups may bedsed:
A: motorized pump activated hydrostatic pressure vessel (see C.2.2);

B:-piston activated hydrostatic pressure vessel (see C.2.3).

are

fain
the

hter

hditions. Therefore, the hydrostatic compressive behaviour (collapse pressure and hulk

ials
Fific
rial

the
ure
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rial

subjected to incfeasing hydrostatic pressure at a specified temperature, the vol@ime

C.2.2 Set-up A: motorized pump activated hydrostatic pressure vessel

The test se

a)

t-up A is a hydrostatic compression test rig comprising:

pressurization response;

b)

<)
d)

e)

38

hydrostatic compression test vessel;
associated reservoir, pipe-work and needle valves;
calibrated pressure transducer;

computer with data logging and graphing software.

© IS0 2023 - All rights rese

motorized pump: small bore linear displacement pump, which produces a constant and linear

rved


https://standardsiso.com/api/?name=ac23f9f644e60185b32acb15bbaaf5ab

1SO 12736-1:2023(E)

Figure C.1 illustrates a basic layout for a typical motorized pump activated hydrostatic pressure vessel.
A reservoir is connected by means of valves and fittings to a vessel that is to be pressurized. A gauge
is shown to represent the pressure transducer. By placing an LVDT to measure piston stroke in the
pressure generating unit, the pumped volume for the test can be measured. Hence, the volume versus
pressure relationship is established

Key

C.2
The

d)

Aty
the
driy
ratq
pis

volyme in thecell can be determined. Hence, the volume versus pressure relationship can be ¢

4
1 5
2 3
J <] <] L
6

fluid reservoir 4  pressure transducer

needle valve 5 test chamber

needle valve 6  motorized smallbore linear displacemen

integrated LVDT

Figure C.1 — Motorized pump activated hydrostatic pressure vessel

3 Set-up B: piston activated hydrostatic préssure vessel
test set-up B is a hydrostatic compression testrig comprising:
hydrostatic compression test vessel with piston;

associated pipe-work and needle valyes;

universal testing machine (tensiemeter) with calibrated load cell;
computer with data logging-and graphing software.

rpical hydrostatic pistonactivated pressure vessel is shown in Figure C.2. A sample is

ren into the pressure vessel using a universal testing machine (or some other means) at a
, recording load and piston displacement. The hydrostatic compressive stress is calculatg
on cross sectional area. By measuring cross head displacement of the tensiometer, the

t pump with

blaced into

hydrostatic pressute vessel along with the test medium and the lid is secured. The cylinder piston is

controlled
d as force/
change in
stablished.
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Figure C.2 — Piston activated hydrostaticpressure vessel
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pressu

rostatic compression test parameters

tatic compression test shall be conducted using water, either fresh water or artif
repared in accordance with ISO 15711, as the test fluid in a test cell at the speci
Fe. The minimum sample volume shalfbe 25 cm3. Typically, samples are in the form of a r
linder of minimum dimensions 50,8 mm long and 25,4 mm diameter. The test chamber s
that the test fluid volume is atleast equal to the initial specimen volume.

s shall be normalized at the'test temperature for a minimum of 24 h in the test fluid be
of pressure to ensure that the material is in a stable condition.

ination of both the'hiydrostatic collapse pressure and bulk modulus, the hydrostatic presg
rreased at a constant rate (e.g. 1 MPa-min'1). The hydrostatic pressure and volume cha
specimen shall-be recorded continuously throughout the duration of the test period. ]
5 can be determined from this test:

odulustthe inverse slope of the curve of the percentage volume change versus hydrost
re;

cial
fied
ght
hall

fore

ure
nge
['wo

atic

— hydrostatic coltapse pressurer Nydrostatic PressSure COrTeSponding to the onSet of a sud
significant, and non-reversible change in the gradient of the percentage volume change versus
hydrostatic pressure curve.

len,

A typical set of results for two materials containing hollow glass microspheres is shown in Figure C.3.
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YA
1
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a b X
Key
X pressure (MPa) 1 material 1 data a  Hydrostatic collapse pressure :[aterial 1.
Y volume change (%) 2 material 2 data b Hydrostatic collapse pressure njaterial 2.
Figure C.3 — Typical chart of volume reduction@s a function of pressure
For|determination of only the hydrostatic collapse pressure for materials with catastropghic failure

mec¢hanism, a simplified test can be run.

The

pregsure shall be recorded continuously throughout the duration of the test period. One par

hydrostatic pressure shall be increased at a conistant rate (e.g. 1 MPa-min1) and the ydrostatic

hmeter can

be determined from this test:
— |hydrostatic collapse pressure: hydrostatic pressure corresponding to the onset of|a sudden,
significant, and non-reversible chahge in the gradient of the pressure vs time curve.
A typical set of results for two materials containing hollow glass microspheres is shown in Figure C.4.
YA
al
b —
X
Key
X time (s) 1 material 1 data a  Hydrostatic collapse pressure material 1.
Y pressure (MPa) 2 material 2 data b Hydrostatic collapse pressure material 2.
Figure C.4 — Typical chart of pressure as a function of time
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C.3 Tri-axial compression and creep test

C.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 system on pipe. The base of the chamber represents the OD of the
pipe, whilst the walls of the chamber mimic the hoop and axial constraint from other identical bonded
material. The tri-axial loading is applied through a piston.

Figure C.5 showsa fypir‘n] setup for tri-axial tests

N
Q \
7—| 8
'y
1 N 1
2
U R )
3 4
5
Key
1 ventingport 5 sample
2 rotatable piston 6 rotatable base
3 handle 7  displacement gauge
4  cylindef walls and heatér 8 fixed surface
Figure C.5 — Typical set up for tri-axial tests
C.3.2 Magthod

Test samples shall be machined so that they fit snugly into the test fixture at the intended test
temperature. Thermal expansion of the cylinder and sample should be taken into account. Samples shall
be cylindric with a diameter tolerance of #0,02 mm and parallel faces, as lack of parallelism represents
dead volume. The samples shall be taken from thick pipe insulation (as thick as possible) and shall be
stacked to build up to a final sample height of 50 mm to 55 mm. Stacking of more than three samples to
meet the height requirement is not recommended.

NOTE It is important to have representative material as, for example, foams will have a coarser structure
close to interlayer bonds that will give a very large initial compression if this region is over represented in the
test.

Conformance of the supporting structure shall be determined for each cell and shall be taken into
account during the test, as the deflection is significant relative to the sample test deflections.
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The cylinder pressure versus applied load relationship shall be determined against a calibrated load
cell for each piston.

At least three replicates shall be used for each condition.

C.3.3 Initializing

The test shall be started by partially filling the cell with a suitable lubricant to which the sample is inert
and does not appreciably absorb.

Samples shall be measured for dimensions and density prior to testing. The samples shall then be
lubricated with a very thin layer of lubricant (on the curved faces only) and placed in the cell.

The piston shall be mounted with the central purge port open.
Excess lubricant shall be purged from the cell until the piston rests on the sample.
The system shall be heated to the desired temperature.

The piston shall be actuated with minimal pressure to make initial contact. The purge valve shall be
cloded.

The displacement gauge reading shall be zeroed or recorded as the(initial ‘zero’ point.

C.3|14 Start of test

The pressure shall be increased in steps, typically 1,5 MRa, and the displacement shall be rgad at one-
minute intervals at the minimum before proceeding. Tlie number of pressure steps shall be af least four.

Megsures shall be taken, where necessary, beforeweach reading to ensure that the sample do¢s not hang
on the wall (i.e. by rotation of the cell).

The pressure shall be increased to full test\pressure. The final displacement reading shall bq taken.

Theg displacement shall be read off a-minimum of three times the first 24 h, twice the second 24 h, once
daily for the remainder of the initial*#-day period, and every second day after this time.

C.3|5 End of test

After a minimum of 1 000)hours, the pressure shall be reduced followed by the temperatuge. Samples
sha|l be retrieved, and their dimensions and density shall be re-measured.

C.3{6 Interpreétation

The data shallbe interpreted obtaining the following parameters:

a) |tricaXial (bulk) modulus: the inverse slope of the curve of the percentage volume charge versus
pressure;

b) initial compression: mechanical response (expressed as a volume change in %) shown by the
sample during loading;

c) 20-year creep: extrapolated creep after 20 years using a log law, excluding the initial compression
result;

d) creep rate/decade: slope of the steady state creep curve plot against the log of time;

e) calculated final density (after test period): recalculated density against the volume change and the
initial sample mass;

f) calculated final density (20 year): extrapolated density over a 20-year period.
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A typical set of results for tri-axial tests is shown in Figure C.6.

YA

- . ————

Key
X  time (h|
Y  volume|change (%)

a  [Initial compression (%).

log extrapolation of creep

Figure C.6 — Typical'results for tri-axial test

C.4 Accuracy and variance

>y

No data is available to make a statément on precision of these test methods. No statement may be mlade
about the Hias of these test methods, as there is no standard reference material or reference test method

that is applicable.
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Annex D
(normative)

Simulated bend test

D est nrocedure
. +Hestproceaure

Theg method for the bend test shall be the curved former type with a fixed end, shown lin [Figure D.1,
or the centrally loaded curved former type with moving ends, shown in Figure D.2.'Inthe [case of the
cenfrally loaded curved former type, the former can move towards the pipe or, the pipd can move
towards the former.

Where a field joint coating is incorporated in the bend test string of the centrally loaded curyed former
type test, the placement of the field joint shall be offset from the centre of the test pipe to avoif excessive
conjpressive loads acting on the field joint coating and ensure the beihding moment travels|across the
fulllwidth of the field joint in one direction only.

WhEn designing the test, the following parameters shall be considered:
a) |minimum bend radius;

b) [testtemperature;

c) |rate of bending;

d) |holding time at minimum bend radius;

e) |number of bend cycles.

These parameters shall be determined by the system provider.

A mlinimum of one straight sectioh of coated pipe shall be subject to cycles of bending and stifaightening
using a test arrangement of theform shown in Figure D.1 or Figure D.2 to simulate the cycles|of bending
and| straightening experienced during installation.
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12 m (rjominal length) 6 3 m (nominal lerigth)
Figure D.1 — Fixed end curved former bend test principle
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pipe trgvel (moving pipe case)
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test shall be performed as follows:

Pipe shall be conditioned at test temperature, if not ambient, for a minimum period of 24 h prior
to bending. Prior to conditioning, thermocouples shall be attached to the steel pipe and the wet
thermal insulation system. On completion of the conditioning period, an insulation blanket shall be
wrapped around the external surface of the system along the length of the pipe and the ends of the
pipe shall be blanked off.

Pipe shall be placed in the test arrangement. Temperature measurements shall be recorded as
appropriate (e.g. steel temperature and temperature in the middle of the insulation layer, at least
0,5 m from the end of the insulation layer along the pipe length).
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Loading shall be applied to bend pipe around the bending former. The radius of the bending former
shall be specified by the system provider.

— Rate of bending, extent of travel and temperature shall be measured and recorded.

— Pipe shall be held bent around the bending former to allow remote visual inspection of the
tension surface of the system(s) and to confirm that the pipe is in contact with the surface of the
curved former. Any lift off from the former shall be noted and recorded.

— The period that the pipe needs to be held bent around the surface of the bending former shall be
specified, normally a minimum of 5 min. If inspection of the tension surface of the system(s) and

Visual coniirmation that the pipe 15 in contact with the suriace of the curved former js required,
the insulation blanket may be removed before the reeling operation is started.

All loads shall be removed. The pipe shall be allowed to take up its residual deflected shape. Close
visual inspection of the tension/compression surfaces of the system(s) shall.be carridd out once
there is no stored energy and it is safe to approach.

If applicable, the pipe shall then be bent in the reverse direction around a straightenjng former,
with a larger radius than the bending former, to straighten the pipe(

— Rate of bending shall be measured and recorded.

— Pipe shall be held bent around the straightening formerto allow visual inspection of fhe tension
surface of the system(s) and to confirm that the pipeJis'in contact with the surface offthe curved
former. Any lift off from the former shall be notedand recorded.

— The period that the pipe needs to be held bent@round the surface of the straightenirlg former is
only as long as it takes to perform the inspéction described above.

All loads shall be removed from the pipe.

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

Steps 3) to 6) shall be repeated until the magnitude of accumulated strains in the extreme fibre of
the steel pipe experienced during the test is at least equal to those experienced by the pipe during
installation (e.g. in the \case of R-lay: spooling, installation, recovery, re-installation).

After bending, thewet thermal insulation system shall be sectioned along the makimum as-
bent strain axes)The system shall not display any through thickness cracking. Effedts, such as
disbondment, stress whitening, deformation, blistering, separations between layers jr tearing,
shall be recorded. Defects can occur as a direct result of the process of sectioning the pipe (e.g.
excessive heat build-up, release of residual stress in the system). Appropriate cutting gquipment,
such.as.a band saw with blade cooling or a dedicated sectioning procedure to relieve residual stress
in‘the system before cutting, can be required.

D.2 Accuracy and variance

The bend test is designed to provide a working procedure for examination of the effects of certain
conditions on subsea wet thermal insulation systems. The effects will be in terms of appearance, which
are non-quantitative. No information is presented about either precision or bias, since test results are
non-quantitative.
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Annex E
(normative)

System shear resistance test

E.1 Testprocedure

The follow|ng procedure covers the shear test to be carried out on the wet thermal insulation system.

One mini
material 13|
to accomm

The insula
speed of 1

m 25 mm wide ring shall be cold cut from the test pipe and subject to the shear'test for gach
er or interlayer bond to be tested. If the wet thermal insulation specimen width is redyced
odate the maximum load capacity of the tensile frame, it shall not be reduced’to <10 mm

[ion on the pipe shall be supported by an outer ring and then the pipe shall be pushed jat a
mm-min-l, relative to the insulation until failure occurs, as illustrated-in Figure E.1.
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Figure E.1 — Test principle

The gap between the OD of push plate and the ID of the support ring shall be selected by the system
provider to prevent buckling of the sample during the test and to ensure a shear loading.
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