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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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ISO/TS 12835:

Introduction

2022(E)

This document, also known to industry users as Thermal Well Casing Connection Evaluation Protocol
(TWCCEP), is intended to facilitate assessment and qualification of threaded casing connections for
service in intermediate or production casing strings in thermal recovery wells and in other wells
experiencing significant temperature excursions such as in geothermal applications.

The extensive effort involved in replicating thermal well field conditions in a laboratory environment
limits the extent of phy51cal testmg that can reasonably be undertaken in an evaluation program.

co

pre
op

Onlly outcomes of the performed full-scale tests are compared with assessment criteria to

su
en
plg
ass
on

ditions. Successful field use of a connection meeting the requirements of this, priotoco
eclude an operator’s need to employ appropriate product quality assurancesieéasures
brating practices.

hble a statistically significant full-scale test, it does not demand a rigorous check of a true
cement of the tested sample responses relative to field connection pérformance, and thus
umes that the test specimens are representative of subsequent-field connections. For th

re

Thjis document is the culmination of a thorough review,of.factors contributing to performanc
connections in thermal well applications. The evaluation procedure adopted in this docy

be
on
pr
de

y connections with the same design parameters as the candidate connection should be d
resentative of the connection assessed under this protocél,

en developed using input from operators’ descriptions of field practices, manufacturers
connection design and production, available literature, knowledge of past connection qu
grams, and additional analytical and experimental work performed in support of thg
elopment.

Ficality to
fion users
iqn-specific
does not
and field

Hetermine

tability of the candidate connection for the intended field service. While this document aims to

statistical
nherently
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feedback
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Q

1

ualification of casing connections for thermal wells

Scope

This document provides procedures for assessment of casing connections for those field applications in
which the operating temperatures cyclically vary between minimum values appreciably below 180 °C

an
on

leads to a stress state that exceeds the casing-connection system's yield envelope.

NOTE This document can be considered complementary to ISO 13679 (and its.'core conte
Sp¢cification 5C5), which applies to classic elastic-design applications.

Thiis document contains an evaluation procedure for a candidate connection comprising o

de

ined pin, box and interfacial components. The evaluation procedure includes:

Material property tests to assess relevant properties of the candidate connection pil
components;

Analytical tasks to determine configuration of connection' samples for physical tests,
chosen based on worst-case combinations of the conneetion geometry and material prop

and sealability under loading representative of egninection assembly and thermal well se

Thiis document does not address impacts of;-external pressure, incomplete lateral pipdg
rofational fatigue, formation-induced shear, gi~eénvironmentally-induced corrosion or crackin

—

C

2

co
un

AS
AS
AS
AS

quse 6 describes fundamental assumptions adopted in this document.

Normative references

Thf following documents ate)referred to in the text in such a way that some or all of the
stitutes requirements ‘of this document. For dated references, only the edition cited applies. For

Hated references, thelatest edition of the referenced document (including any amendment
TM A370, Standard Test Methods and Definitions for Mechanical Testing of Steel Products
TM E8, Standard Test Methods for Tension Testing of Metallic Materials

M E245-Standard Test Methods for Elevated-Temperature Tension Tests of Metallic Materials

TM.E831-06, Linear Thermal Expansion of Solid Materials by Thermomechanical Analysis

[l maximum values that range from 180 °C to 350 °C or above, and in which the primary axEl loading
the casing-connection system is strain-based and driven by constrained thermal expansion and

ht per API

[ uniquely

h and box

which are
erties;

Full-scale testing tasks to measure the candidate connection galling resistance, structurall integrity

rvice.

support,
g.

ir content

5) applies.

ISO 11960, Petroleum and natural gas industries — Steel pipes for use as casing or tubing for wells

3

Terms and definitions

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

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

©lI

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at https://www.electropedia.org/

SO 2022 - All rights reserved
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3.1
ambient

temperature

ambient temperature in the facility where a physical testing task is executed

3.2

application severity level
connection loading specifications assumed to be representative for a range of operational conditions,
which determine the scope of analysis and testing required by the evaluation procedure (3.13) for those
operational conditions

3.3
assigner

party thaf commissions an evaluation program (3.14), controls its execution, and owns the rights\te t

evaluatio

3.4

1 program’s data and results

average string strain
average akial strain along the controlled elongation interval (3.11) of a specimen string (3.36)

3.5

bend test/specimens

subset of

¢andidate connection specimens (3.8) subjected to the optional behding evaluation (3.6) per

evaluation procedure (3.13)

3.6
bending

¢valuation

analysis gnd physical testing conducted to determine sensitivity of a candidate connection (3.7)

casing cu

3.7

fvature

candidate¢ connection

casing co

productio

tnection product that is being evaluated) and is uniquely defined by its design features 3
specifications with respect to size;weight, and component materials including pin, box, 3

interfacial] components

3.8

candidateé connection specimens
set of conphection specimens thatiis-representative of design and features of the candidate connect
(3.7), and(is provided for an evatydtion program (3.14) of that candidate connection

3.9

casing pup

short piece of casing pipe cut from a mother joint

3.10
connecti

n
single desTgn-specific assembly of pin and box and interfacial component(s)

3.11

nat

he

to

nd
nd

jon

controlled elongation interval

portion o

3.12
effective

f a specimen string (3.36), along which the elongation is measured and controlled

string length

portion of the total length of a specimen string (3.36) that is assumed to deform appreciably under
mechanical forces in the thermal cycle test (3.42)

3.13

evaluation procedure
set of analytical and testing tasks performed to assess performance of the candidate connection
specimens (3.8)

2
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3.14
evaluation program
evaluation of a candidate connection (3.7) by means of the evaluation procedure (3.13)

3.15

evaluation report

collectively, all documents prepared by an evaluator (3.16), according to applicable reporting
requirements, that describe execution history and results of an evaluation program (3.14)

3.16

evaluator

party that performs analytical and testing tasks required by an evaluation procedure (3.13)

sliding

executed

rifications

pin end

ring their

subset of candidate connection specimens (3.8) subjected to the limit-strain test (3.25) per the pvaluation
pracedure (3.13)

3.25
limit-strain test
tension test, to structural failure, of the limit-strain specimens (3.24)

3.26
low cycle temperature
lowest temperature targeted in the thermal cycle test (3.42)

3.27
lower-bound temperature
lowest temperature expected in thermal cycles in field applications

©1S0 2022 - All rights reserved 3
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3.28

make-break specimens
subset of candidate connection specimens (3.8) subjected to multiple make-ups and break-outs per the
evaluation procedure (3.13)

3.29
make-up

support pin

pin component of candidate connection (3.7) with seal removed, used to support a coupling’s open end
during make-up and break-out of that coupling’s opposite end

3.30
material

coupon

cylindricdl section of pipe from which material strip specimens (3.31) are cut

3.31
material

Strip specimen

longitudinal steel strip cut from a material coupon (3.30) and machined for use in meehanical prope

character

3.32

zation tests

prior evajuation data

set of dat

tests priof to issuance of this protocol and/or according to a procedure/protocol different than
evaluation procedure (3.13)

3.33
program
collective

3.34

roles
reference to the roles of assigner (3.3), supplier (3:38), evaluator (3.16) and inspector (3.21)

repairable galling
galling (3.]18) that can be repaired according to a.supplier’s (3.38) field-repair procedure for a candid
connection (3.7)

3.35

severe galling
galling (3]18) that cannot be repaired according to a supplier’s (3.38) field-repair procedure fo

candidate

3.36

connection (3.7)

specimen string

collective
connectio

3.37

reference to 4 sihgle connection specimen and/or an in-series assembly of two or m
h specimenstitra thermal cycle test (3.42)

substantially gualified party
person/cdmpany possessing technical skills and experience necessary to perform a task, as designa

by the assk

3.38
supplier

rty

h acquired in a connection performance assessment carried out.by analysis and/or physifcal

he

(ite

pre

ed

Al

J

party that manufactures candidate connection (3.7)

3.39

tensile strain threshold
tensile strain value that a connection specimen is expected to survive during a limit-strain test (3.25)

3.40

test specimen

connectio

n specimen that is provided for a full-scale test

© IS0 2022 - All rights reserved
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3.41

thermal cycle specimens

subset of candidate connection specimens (3.8) subjected to the thermal cycle test (3.42) per the
evaluation procedure (3.13)

3.42

thermal cycle test

thermo-mechanical test of connection specimens, in which several thermal cycles are applied between
the low cycle temperature (3.26) and the high cycle temperature (3.19)

3.43

threaded-and-coupled specimen
twp connections consisting of a single coupling and two casing pups (3.9) with pin endsyjoined by that
cotlipling

3.44

threshold performance requirements
sef of connection performance criteria for a candidate connection (3.7)cconsidered as having met
applicable minimum performance requirements

3.45
upjper-bound temperature
highest temperature expected in thermal cycles in field application’s

4 | Abbreviated terms and symbols

4.1 Abbreviated terms

ASLL application severity level

BF fast box taper

BS slow box taper

CSp cyclic steam stimulation

CTE coefficient.of thermal expansion

FEA finite'element analysis

IC integral connection

mdx. maximum

mip. minimum

PF fastpintaper

PS slow pin taper

SAGD steam assisted gravity drainage

TC threaded-and-coupled connection

TWCCEP thermal well casing connection evaluation protocol
TF(WGS) final make-up torque for specimen with WGS configuration
TF(WGT) final make-up torque for specimen with WGT configuration

© IS0 2022 - All rights reserved 5
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TF(WSC-M) final make-up torque for specimen with WSC configuration and multiple make-ups
TF(WSC-S) final make-up torque for specimen with WSC configuration and single make-up
TF(WST-M) final make-up torque for specimen with WST configuration and multiple make-ups

TF(WST-S) final make-up torque for specimen with WST configuration and single make- up

WGS worst-case tolerance combination for galling in seal

WGT worst-casetolerance combination for ga”ing inthreads

WSC worst-case tolerance combination for sealability in compression at high temperature

WST worst-case tolerance combination for sealability in tension at low temperature

4.2 Symbols

D casing outside diameter

Lcg; length of controlled elongation interval

Lo effective string length

L, unsupported pup length (pup length excluding makeé-up loss, i.e. pin-box overlaps at each
end)

Lyrg lower-bound temperature strain increment

pss(T) saturated steam pressure at temperatute T

N strain-length compensating factor

Sri temperature range strain increment

t casing wall thickness

T temperature

Tomb ambient temperature

Ty high cycle temperature

Ty, lower+bound temperature for a given application severity level

T\, lew cycle temperature

T upper-bound temperature for a given application severity level

a, average coefficient of thermal expansion

Ag;; strain increment for application in the limit-strain test

Ap curvature increment

ETEa average residual post-cycle strain

PMAX maximum test curvature

6 © IS0 2022 - All rights reserved
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ISO/TS 12835

Program overview

Illustrations of selected definitions

:2022(E)

Figure 1 illustrates two types of connection specimens that may be submitted for an evaluation
program. Figure 1a shows a threaded-and-coupled (TC) specimen and Figure 1b shows an integral
connection (IC) specimen. A TC specimen contains two connections (two “sides” of the coupling)
creating two possible leak paths. An IC specimen contains one connection, resulting in a single possible
leak path.

a) Threaded-and-coupled specimen

b) Integral connection specimen

Figure 1 — Illustration of connection specimens

When full-scale testing is conducted on strings containing multiple connection specimens assembled
in peries, some casing pups are shared by two adjacent specimens (which can be either TC or IC). Each
suth shared casing pup is considered to consist of tWo halves, with each half belonging to the|specimen
that includes the corresponding pin end or integral box end.
Figure 2 illustrates an example of a string assembly with four connection specimens. For c¢nsistency
with requirements for the thermal cycle-test, in which a four-specimen string assembly may be used,
the¢ example in Figure 2 shows Specimens 3, 4, 5, and 6 (refer to 10.1 for specimen numbeis). For TC
sp¢cimens, the two specimen leak‘paths can be distinguished by the specimen number and |etters “A”
anfl “B” referring to each coupling side.
i i | | |
S S T T A
o] ] 1 ] 1 n
1 2
Key
1 | side Aleak path 3A
2 | side'\Bleak path 3B
3 | Specimen 3
4  Specimen 4
5 Specimen 5
6  Specimen 6

Figure 2 — Illustration of connection string assembly

5.2 Program flowchart

Figure 3 illustrates five main components (blocks) of an evaluation program. A detailed description of
the program blocks and tasks is provided in Clause 10.

© IS0 2022 - All rights reserved
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General principles adopted for the evaluation procedure are described in Clause 6. It is recommended
that all users of this document and all parties responsible for a prospective use of an assessed
connection in a field application review Clause 6 and become aware of the assumption basis and
procedural requirements for the assessment tasks and data reporting.

Program specifications

Candidate connection
Application severity level
Optional task selection
Prior evaluation data
Program role assignments

6 Over

6.1 Ger

This claus
procedursg
interpretd

Biased test population

Reference material properties
Specimen configuration analysis

Specimen procurement

Casing pipe selection
Material property verification
Specimen machining

Full-scale testing and
supplementary analysis

Galling resistance test

Thermal cycle test

Bending evaluation

Limit-strain test

As-tested configuration analysis

Reporting

Evaluation report

Inspection report

Analysis and test results
Conformance to assessment criteria

Figure 3 — Evaluation program flowchart

view and fundamental assumptions

jeral

e containsgah overview of fundamental assumptions adopted for the connection evaluat
contaifed' in this document. This overview is provided to facilitate understanding 3
tion ofithe provisions and procedural requirements specified in this document.

6.2 Ma

n features

6.2.1 Purpose

on
nd

This document provides procedures for assessing suitability of threaded casing connections for
intermediate or production casing strings for thermal recovery wells or other wells experiencing
significant temperature excursions. Conducting an assessment of a candidate connection according
to the evaluation procedure provides data that can be interpreted by a connection user to complete
evaluation of the candidate connection for a specific application.
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6.2.2 Applicability to service conditions

The evaluation procedure described in this document applies to those field applications in which
operational temperatures oscillate between a cold level, appreciably below 180 °C, and a hot level,
above 180 °C, in which casing deformation is primarily driven by thermo-mechanical strain resulting

fro

m the above temperature excursions, and in which the casing body might or might not cyclically

yield under the corresponding strain-driven loads.

Specifically, the evaluation procedure applies to two thermal recovery applications: Steam Assisted
Grav1ty Dralnage (SAGD) and Cycllc Steam Stimulation (CSS) in Wthh thermal expan51on of the casing

6.2

Lo
un
be
Sp
de
ma
dif
5C

6.2

: ctions for
ler extreme-service wells in whlch tubulars undergo full body yleldmg and for whlch deformation-
prant design is desired; for example, wells in compacting reservoirs, steam-drive wells/ggothermal
Ils, or some high-pressure high-temperature (HPHT) wells.

.3 Rationale for development

hding of intermediate casing connections in thermally stimulated wells is very severe and of
que character. Prior to issuance of the TWCCEP, no other connection evaluation proc¢dure had
en adopted as an industry standard for those loading conditions¢In-particular, ISO 13679 and API
pcification 5C5 provide procedures for evaluating casing and tubing connections only fpr elastic-
5ign applications, in which the tubular-body stress state is assimed to remain elastic, angl in which
ximum operational temperatures do not generally exceed 180 °C. Despite these fundamental
ferences, several similarities exist between this document and either ISO 13679 or API Spe¢cification
b. Where practical, such similarities are referred to inthis document.

4 Subject of evaluation

co
ev

separately.

6.2

Th
(A
(se

Te
mg

pe

be assessed in an evaluation program. For simplicity, this document refers to a single [candidate
nection as a subject of evaluation. If\two or more candidate connections are included in a single
nluation program, then all provisionsef the evaluation procedure apply to each candidate donnection

Thf subject of evaluation is a candidate conngction. In general, one or more candidate cgnnections

.5 Application severity levels

e severity of field operating conditions varies. Consequently, multiple application severity levels
bLs) are distinguished.)The ASLs are uniquely defined in terms of maximum operating temperature
e 9.3).

mperature has.been recognized as the primary variable influencing severity of pip¢ thermo-
chanical loading and the connection response to that loading, including sealability and ptructural
-formange, The following arguments support this assumption:

cohstrained thermal expansion of cemented casing heated to the maximum operating temperature
leads to pipe and/or connection yielding. The magnitude of the axial loads generatpd during

©lI

heating (and also subsequent cooling during a well Intervention), as well as the degree of post-yield
deformation, strongly depend on the applied temperature range;

in field service, applied internal pressures typically follow the saturated-steam relationship with
temperature;

properties of casing pipe and connection materials vary with temperature - the material yield
strength typically decreases with temperature, and creep and stress relaxation effects become
more pronounced at elevated temperatures;

elevated temperatures affect properties of thread compounds (dopes), and thus influence the
role of the dope in premium seal activation. Such temperatures can also affect properties of some
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coatings used for dopeless connections. Higher temperatures are typically associated with faster
degradation of dopes and coatings;

— the ASL is selected at the onset of each evaluation program. Some aspects of the evaluation
procedure, such as severity of loading applied in numerical modelling and physical tests, depend on
the selected ASL. The adopted assessment criteria are independent of the selected ASL.

6.3 Assessment philosophy and principles

6.3.1 Fundamental principles

The fundgmental assessment philosophy adopted for the evaluation procedure is to:

— distijguish between those connection types that are suitable for thermal well servieg.and th

that are not;

pse

— acquife key connection performance data for comparison with adopted minimum performance
requifements, and also auxiliary performance data for determination of*Connection servfice

boundaries;

— be practical to execute by analytical methods and laboratory testing.

Based on the above philosophy, the following principles for the evaluation basis are assumed:

Principle 1

Principle P

Principle B

Principle #

Principle b

Principle ¢

The evaluation procedure should be conservative with respect to:

a) candidate connection samples: test specimen configurations should be chosen to have
the least-favourable characteristics possible within production manufacturing ranges;

b) loading: evaluation procedure shaiild employ the most severe loading that is rep,
sentative of cited field conditions.

re-

Given that field conditions yary, the evaluation procedure should provide optiong to

tailor the evaluation scope to anticipated operational conditions.

The evaluation procedure should make the best use of available analytical and phyfsi-

cal-testing tools.

The evaluatign)procedure should measure a candidate connection performance wifith

respect to.those performance indicators that are considered critical for reliability
field ser¥ioe.

Assessment criteria should be chosen according to reasonable field-performance
pectations. Assessment criteria should refer only to results of full-scale tests.

boundaries and safety margins with respect to cited service conditions.

Where practical, auxiliary data should be collected to assess connection performaxllce

Principle 7

Principle 8

Principle 9

Principle 10

10

Where possible and practical, data acquired in prior evaluations can be used, and the

evaluation program scope can be reduced accordingly.

Execution of an evaluation program does not require the manufacturer of a candidate
connection to reveal confidential connection design information beyond a level that

enables third-party inspection.

Results of every evaluation program should be interpreted in the context of the com-

pleted evaluation scope and anticipated service conditions.

Perception of conflict of interest in executing an evaluation program should be avoid
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Each principle listed above is further described in the following clauses. Discussion of some principles is
also illustrated by reference to Figure 6 and Table 3, which describe the tasks of the adopted evaluation
procedure.

6.3.2 Conservative evaluation procedure

The fundamental premise of the evaluation procedure is that it should verify the adequacy of the
candidate connection performance under worst-case combinations of factors that affect its behaviour,
including connection geometry, manufacturing tolerances, material properties, assembly, and
operational loading. Principle 1 (in 6.3.1) is implemented by the following steps:

a) | Determine the worst-case combinations of manufacturing and assembly variables forythe|candidate
connection and treat those combinations as specifications for a biased set (populatiqn) of test
samples.

b) | Evaluate the biased test population under the established representative = but conservative —
loading.

c) | Compare the measured performance of the biased test population to adopted pefformance
requirements. Assume acceptance if those requirements are met, ‘op failure if those reqpirements
are not met.

d)| Assume that any production series of the candidate connection will perform equally wel| or better
in relevant field service than the evaluated biased test pépulation.

Stdp a) above is referred to as the front-end determination of the biased test population. Stepg b) and c)

ar¢ performed in the evaluation program by full-scale‘teésting and supplementary analyses.|Step d) is

ex¢cuted based on the acquired evaluation results,

6.3.3 Mandatory and optional tasks

The evaluation procedure contains mandatory tasks and optional tasks, which allows the ¢valuation

scqpe to be tailored to specific operatiemnal conditions (per Principle 2 in 6.3.1):

—| mandatory tasks are considered critical for evaluation of connections for all application$ to which
this document applies. Conipletion of all mandatory tasks is required in every evaluation|program;

— | optional tasks are those tasks that should be chosen so that the evaluation program provides results
most relevant for the-cited operational conditions. It is recommended to consider all program
options, consciously select an optional task scope suitable for each evaluation program{ and then
execute the selected options according to applicable provisions of this document.

Geheral descriptions of the mandatory and optional tasks are provided in Clause 10, and|the tasks

ar¢ listed inm¥Figure 6 and Table 3 - so that the rationale for each task is presented in a logical order

anfl subseguent option selection decisions are facilitated. Examples of optional tasks are: feal taper
anplysisybending evaluation, and seepage measurement in the limit-strain test. Detailed descriptions of
the¢ mandatory tasks are provided in the main body of this document; and detailed descripqons of the

optional tasks are provided in ANNex D.

For some optional tasks, this document provides specific guidance relative to the task scope and/
or procedures. For other options, this document provides only general recommendations that the
discussed issues should be addressed in the context of the intended application.

In some evaluation programs, a candidate connection can be evaluated at a time when future use of the
connection is unknown. When the candidate connection is contemplated for use in a specific application
that was unknown at the time of its evaluation, the prospective user of the candidate connection should:

— carefully review the details of the executed evaluation program, including the selected program
options;

— determineifthe executed scope provides an adequate level of evaluation for the intended application;
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— if need be, consider executing additional evaluation tasks according to other program options that
were not selected previously.

6.3.4 Use of analysis and physical testing

Per Principle 3 (see 6.3.1), the evaluation procedure employs both analysis and physical testing. The
overall scope of the prescribed analysis and physical-testing includes both mandatory and optional
tasks, as described in 6.3.3. Figure 6 summarizes all analytical and testing tasks of the evaluation
procedure. Table 3 indicates the categories of data acquired in each task, as described in 6.3.7.

Analysisi Xa E CO ETtio EITSTLIVItY 0": ardoperational
variables.|In general, an analytical task can involve a combination of engineering derivations based{on
closed-forjm solutions and numerical analysis based on the finite element method. Those fornjuldtigns
facilitate parametric studies, in which connection sensitivities can be readily assessed with.reSpecf to

many - byt not all - manufacturing and loading variables.

In this evgluation procedure, analysis is employed to select the biased test population,'guide subsequent
program lexecution (see 6.3.2), and acquire auxiliary data on candidate conredtion performaince
boundarigs (see 6.3.7). Some analytical results may also be used to specify additional testing to verify
candidate| connection performance under application-specific conditions that:are not simulated in the
mandatory tests. No analytical results are compared to the threshold perforimance requirements.

Physical flull-scale tests are considered to be an all-inclusive verification of connection performarice,
because they account for all design variables - i.e. both the variablesthat are controlled in the connectjon
manufactliring process and the “black-box” variables that aresnot explicitly controlled, such as pin
and box dircumferential uniformity (roundness). In preparation’ of the test specimens, the black-bhox
variables pre assumed to be at values representative of preduction connections. It is recognized that
this assumption might not always be conservative because.the test samples are prepared according to
custom specifications and manufactured outside of standard production runs. For example, the test
specimen$ might have a higher degree of circumferéntial uniformity (and thus a smaller degree of
waviness) than production connections.

Results optained in the physical testing fall into several categories (see 6.3.7). For example, some
results frpm mandatory tests are key pérfermance indicators. Those are the only results that are
compared with the threshold performance requirements (see 6.3.5 and 6.3.6), to determine whether or
not the capndidate connection performance meets the requirements of this protocol. Other results frpm
mandatorjy tests and all results frem_optional tests are considered to be auxiliary performance data

6.3.5 Performance measures
The following connectiof performance measures are assessed:
— galling resistance;

— structural integrity;

— sealability.

The above choice of performance measures results from focus on connection response to assembly and
thermo-mechanical loading. Assessment of a connection resistance to environmental corrosion and
cracking is not included in this document. While environmentally induced corrosion and cracking is
a significant loading component active in thermal wells, those loading mechanisms are excluded from
consideration in this document until synergies between thermo-mechanical and environmental loading
are better understood.

6.3.6 Assessment criteria

Subclause 6.3.10 provides guidelines for interpreting results acquired in an evaluation program in the
context of a specific field application. To facilitate this interpretation, reference performance measures
are adopted, which are referred to as threshold performance requirements. A candidate connection
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is considered to have met the performance requirements of this protocol if the candidate connection
performance meets or exceeds all applicable threshold performance requirements. Only results of full-
scale tests are compared with the threshold performance requirements.

The following threshold performance requirements are adopted for the mandatory physical tests:
— no evidence of severe (irreparable) galling in the galling resistance test;
— lack of structural failure in any combined-loading test;

— seepage rates below the adopted threshold rates in sealability tests.

Subclause 6.5.3 provides guidance for seepage threshold rates to be used in sealability tests.

Additional assessment criteria for structural strength and sealability are recommended.for the optional
physical tests. Use of those assessment criteria is optional at the assigner’s discretion. It can also be
expected that in some evaluation programs alternative assessment criteria~for the opti¢nal tasks
ar¢ adopted by agreement between the assigner, the supplier and the evaludtof. This document does
nof provide any provisions for such agreements but requires that the agreed assessment ¢riteria be
dofumented in the evaluation report.

6.3.7 Task outcomes — data categories

In |order to implement Principles 1, 4, and 6 (in 6.3.1), thefollowing categories of data a¢quired in
vafious tasks are recognized:

—| input for further tasks. This data type is acquiredin’tasks that determine the completiopn scope of
subsequent tasks (e.g. determination of the biased;test population);

—| key performance measures. These results aré compared with the acceptance criteria to fletermine
whether or not the candidate connectionCmeets, or does not meet, the threshold pefformance
requirements;

— | auxiliary performance data. Thesetesults also assess connection performance but are rot graded
against any acceptance criteria:

Acfiuiring data in the first two_catégories is mandatory in all tasks. Acquiring data in the third category
is mandatory in some tasks and optional in some other tasks (see Table 3). Auxiliary ddta should
be| collected whenever ptactical because that data provides valuable information for prospective
coInection users. Thisrécommendation is particularly relevant for new connection designg, or those
connections for whighdittle prior evaluation data (see 6.3.8) are available.

6.3.8 Prior eyaluation data

Data acquired in a connection assessment program executed prior to an evaluation program performed
bme or all
ocedures,
ition data,

all meet or exceed the corresponding requirements of this document (see 8.5).

The purpose of this provision is to enable use of complete or partial results from analysis and/or full-
scale tests performed according to other proprietary or standard protocols; for example, historic
evaluations performed by some well operators; or assessments performed in-house by connection
suppliers; or from material characterization tests done on various OCTG tubulars.

6.3.9 Treatment of confidential design information

It is recognized that connection design information is proprietary by nature, and that connection
manufacturers might not want to reveal some of that information, e.g. machining drawings, to any other
party. This document is structured so that it can be executed with or without exchange of candidate

©1S0 2022 - All rights reserved 13


https://standardsiso.com/api/?name=75a63989b131dacf506e0534774d11a1

ISO/TS 12835:2022(E)

connection drawings among the parties involved in the evaluation tasks (see 7.2). The possible extent
of third-party inspection will be influenced by the extent to which the connection design information is

revealed.

6.3.10 Interpretation of evaluation results

This document does not provide a single pass-fail “certificate”. Instead, it requires that a comprehens

ive

evaluation report be prepared for each evaluation program, and that the report be available to a

prospective user of the evaluated connection.

. . : . : : .
From the ¢ommrectiomuser' s perspective; eeting performance Tequirenernts provided by thisdocurm

PNt

can be copsidered as an indication of conformance to adopted performance standards. Those resylts

should be|interpreted with due consideration given to the scope of the completed evaluation-progr
and prospective field-service requirements.

Since itis pot practical to anticipate all facets of all field applications, the ultimate judgmention qualify
a connectjon for use in a given application rests with the connection user. Following completion of
evaluatio program, the user should consider the program outcomes and other-application-spec
factors, in| order to decide if results of the completed program indicate that the‘evaluated candid
connectioh is suitable for the intended application.

Having optional tasks in the evaluation procedure, per Principle 2 (see-6:3.1), is desirable becaus
allows th¢ connection assessment to be tailored to specific operational conditions and qualificat

A1
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on

requiremg¢nts. As a consequence, comparing data from various pregrams demands a thorough review

because sglections of program options and optional tasks might vary. The demand for thoroughn
is a positive consequence, because comparison of results among various evaluation programs sho
always beldone consciously and cautiously.

6.3.11 Ayoiding perception of conflict of interest

PSS
hld

To benefit connection manufacturers and users, this document specifies roles and responsibilitieq of

various pgrties involved in the evaluation program so that the potential for perception of a conf
of interesf is minimized. The parties involved are: the assigner, the supplier, the evaluator and
inspector|It is recommended that at least.two independent parties be involved in all major evaluat
tasks - sep Annex C.

6.4 Evaluation variables

6.4.1 Connection loading

The evaluation proceduré (including both mandatory and optional tasks) accounts for the follow
external lpads:

— make}up tergue;

— tempg¢rature;

ict
he
on

ng

— internal pressure;
— post-yield axial tension and compression generated by constrained thermal expansion;

— curvature-induced bending.

This document does not address impacts of external pressure, fatigue, formation-induced shear (e.g.

from geo-mechanical loads), cement voids or environmentally-induced corrosion or cracking.

6.4.2 Impacts of contributing variables

As a consequence of Principle 1 (see 6.3.1), one of the main tasks in the original TWCCEP development
process was to assess impacts of design and loading variables contributing to connection performance
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in thermal well service. The first objective of the assessment was to distinguish between variables that
exert major and minor impacts, so that the major-impact variables could be considered when selecting
the worst-case variable combinations. The second objective was to distinguish “generic” variables,
which could be assumed to have the same impacts on most premium connections, from “design-
specific” variables, which can result in different performance trends in various connection types. The
assessment results were used to develop criteria for selecting the biased connection test population
and evaluation load cases.

Engineering analysis, numerical modelling, and reduced-scale testing were employed in the variable-
impact assessment. Multiple reference configurations were considered for some variables, because
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typically considered to be substantial changes.
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the other
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ariable was considered to have a major impact when variation of that variable within its g
nufacturing tolerances or assembly targets or loading range caused a substantial ch
rformance measure. Changes larger than 15 % relative to a value based on neminal condit

lowing the impact assessment, the design and loading variables were categorized into five
scribed in the following paragraphs.

oroups, as

Group 1: The first group consisted of the major-impact variablesassumed common to mos{ premium
connection designs. Sensitivities to those variables wer€, studied at the protocol deyelopment
stage, and their worst-case combinations were establish€d)(“pre-set”) for later use during protocol
execution. For example, these investigations included“determination of sensitivity of connection
sealability to “bake-out” at maximum operating temperature so that sufficient specimen bake-out

duration and loading (free versus constrained bake*out) could be specified for the protogol.

Group 2: The second group of variables included those major-impact variables for which different

connection types could be expected to display different sensitivity trends. Given the po
such connection-specific response, a front-end assessment of the sensitivity trends with
the variables in that group was included in the evaluation procedure, so that connectid
choices of the test specimen configuration could be made for each evaluated conne
example, yield strength of the gonnection pin material can have a strong impact on the se
stress depending on the conneetion material grade and range of property variations a
a given connection. This.decument requires examination of those impacts for each
connection before selecting material specifications for test samples.

Group 3: Variables(in the third group were of similar characteristics as in the second
having major impact and being design-specific), with a distinction in that inclusion of
group variablesin the selection of the biased test population was considered impractical

process (&;g: seal tapers). Optional-task evaluations of connection performance with res
variables'in this group are recommended.

Group 4: The fourth group was chosen to include variables of similar characteristics as t

challenges assaciated with conducting analysis or controlling those variables in the man;l:

ential for
respect to
n-specific
ction. For
al contact
lowed for
candidate

broup (i.e.
the third-
because of
facturing
ect to the

he second
variables

and third groups (i.e. having major impact and being design-specific), except that the
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in the fourth group were considered to have those characteristics only in some applications and
not in other applications (e.g. severe curvature loading). Similar to the third group, optional-
task evaluations of connection performance with respect to the variables in the fourth group are
recommended.

Group 5: The fifth group of design and loading variables included those variables that were not
considered significant for specifying procedures for the connection performance assessment.
For example, some threadform details such as flank angles do affect connection load transfer, but
variations of those variables within their manufacturing tolerances do not significantly change
connection galling resistance, structural strength or sealability. This document assumes nominal
values for the variables in this group.
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6.4.3 Pin-box interferences and tapers
Unless otherwise agreed by the assigner and the supplier, the following shall be adopted:

— Diametric seal interference between the pin and box components of a candidate connection is the
interference between the pin outside diameter and the box inside diameter at a reference seal
location consistent with design and gauging practice for the candidate connection.

— Diametric thread interference between the pin and box components of a candidate connection is the
interference between the pin and box pitch diameters at a reference thread location consistent with
design and gauging practice for the candidate connection.

— For sgals cut on conical surfaces, a seal taper is the change of seal diameter over a reference a¥ial
distance.

— For threads cut on conical surfaces, a thread taper is the change of thread pitch diameter over a
refergnce axial distance.

For some|connection designs, load transfer mode in the threads and manufaeturing tolerances |on
thread foirms will significantly impact diametral interferences. These impacts-should be considered in
the select]on of minimum and maximum interference configurations for the biased test population (see
12.3.4) and test specimen specifications (see 13.4.6).

6.4.4 Material yield strength

Yield strgngths and post-yield stiffnesses of connection component materials affect connectjon
response fo loading beyond the elastic limit. In general, two types of post-yield response are expected
in a conngction subjected to typical thermal well loading:

— localifed yielding due to stress-strain concentratians, for example, in thread roots or seal high-
contaft stress seal band;

— globa] yielding due to large mechanical strains generated by constrained thermal expansion, [for
example, in the pipe body and a connectign’s critical cross-section.

The following assumptions are adopted:

— For njost connection designs, the'box component is appreciably stiffer than the pin compongnt,
and thus yield strength of the box material may be excluded from determination of the biased test
population. Consideration ©f)the box yield strength is an optional task;

— Yield |strength of the {pin material was found to have a major impact on the seal contact stress
intengity, and is included as a mandatory task in determination of the biased test population ffor
sealalpility tests;

— Matetfial yield>strength is not explicitly considered in specifying the test specimens for galling
resistanceé tests. Manufacturing of the galling test specimens is guided by material selection baged
on seglability considerations;

— Impacts of pin and box material yield strength variations (within the candidate connection
manufacturing specifications) on localized yielding in thread roots is not explicitly addressed in
selecting the biased test population. Those localized-yielding variations are assumed to not have
a significant effect on the candidate connection structural strength, which is assessed in the full-
scale tests.
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6.5 Evaluation procedure

6.5.1 Safety standards

:2022(E)

It is presupposed that all activities required or recommended by the evaluation procedure are
conducted to appropriate safety standards, in accordance with safety requirements and policies in
place in the facilities conducting those activities.

6.5.2

Seepage assessment — random variations

Co
ma3

hnection sealability performance can vary considerably even for connection samples that
nufactured and assembled according to identical specifications. In particular, variable’ seée

cap be expected in physical tests involving elevated temperatures. Such “random” behaviour

frd
pa

m degradation of thread compound at high temperatures (e.g. dope bake-out), movement of
"ticles (e.g. as dependent on pin and box surface finish, dope density variations,-time), va

connection geometry not fully controlled in the manufacturing process (e.g. ciccumferential
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tistical variationsin seepage response typically increase with temperature. Some historic e
high-temperature applications (e.g. CSS) addressed this statisticalyariation by requiring
Itiple specimens of the same configuration. While there is insufficient data to support
tistical analysis of how many specimens are required te, provide a representative c
bulation, four specimens have been used as a reasonable)compromise between practi
tistical considerations.

sting of four specimens is required in the thermal cycle test - see Figure 1 that illustrates
initions for various connection types. Two of these four specimens are manufactured ac
worst-case tolerance combination for sealability at the maximum test temperature and|
p are manufactured according to the worst-case tolerance combination for sealability at the
t temperature after one thermal cycle. If those tolerance combinations are found to be th
minimum and maximum temperatur€,)then four specimens of the same target configu
ted.

.3 Seepage rate thresholds

erance for seepage in field application varies, because it depends on the well configuration, |
the surrounding formatioh, well location, environmental considerations, and other factors

current state of industry knowledge, no practical “universal” threshold can be selected
d applications.

" reference purposes, three seepage thresholds are adopted:

0,06 mi/min = reportable seepage rate threshold. Any seepage activity observed in any
test thatis larger than this level shall be reported by the evaluator. This threshold is consi
[SQ 13679 standard and API Specification 5C5;

have been
bage rates
can result
dope solid
riations of
vaviness),

aluations
testing of
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onnection
rality and

specimen
Cording to
the other
minimum
b same for
ration are

broperties
Based on
to suit all

bealability
stent with

T/ M =Tmaximunr seepage Tate imaxisymmetric compression: T his threshotdiscorrsi
some historic evaluations performed for CSS applications;

10 ml/min = maximum seepage rate in axisymmetric tension and under non-axisymmetri

tent with

cbending.

For the axisymmetric tension, this threshold is consistent with some historic evaluations performed

for CSS applications.

In combined loading cases involving axial forces and lateral loading, different combinations of
external loading will result in varying the stress distribution around the connection circumference.
Contact stress intensity in the connection seal can also be expected to vary around the circumference.
Nonetheless, a single threshold of 10 ml/min has been adopted for simplicity.

Itis understood that the original selection of seepage threshold rates in the historic evaluations referred
to above was based on prior investigations that had been conducted on several 177,8 mm (7 in) casing
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connections, with no scaling for other connection sizes. Some connection users can find it justified, for
their specific field applications, to adopt seepage thresholds different from the ones listed above. For
example, a user can find it justified to scale the above historic seepage thresholds (1 ml/min and 10 ml/
min) from the 177,8 mm (7 in) casing size by the ratio of the candidate connection size to the 177,8 mm
size. If any threshold modifications are done within a specific evaluation program, they shall be clearly
described in the evaluation report. The responsibility for such threshold modifications rests with the
assigner and the evaluator.

It is required that:

R [ a pe_me a a a alalals ion Qe V,, a a—CO ,,, VV,, 0 for

nd-coupled connections, or one integral connection);

— the adlopted seepage rate thresholds be documented and be applied to each individual connectjon
(nottg each specimen unlessitis anintegral connection, and not to strings with multiple'specimens);

— measyired seepage rates be reported for each event in which the measured seepage riate exceeds the
reporftable seepage rate threshold.

The reporftable seepage rate threshold applies to each load step that contains ahold in any physical t¢st.
Each specffied maximum seepage rate threshold applies to an average seepage rate calculated for holds
at the same loading targets in all loading cycles (e.g. all high-temperatute holds in the thermal cycle
test), as described in 14.2.4.4.

In addition to per-connection average seepage rates, average and)mean seepage rates for the entjire
tested population should be calculated for information purposes.

6.5.4 Se¢al isolation

Sealability checks are conducted on primary connection seals that are isolated from any additiopal
sealing mlechanisms that might be active in the cghnection specimens. As a consequence, seepage
detection|ports need to be drilled into dope reliebgrooves, so that seepage across the primary radial
seal is obgerved independently of any seepage-blockage that can occur in the threads (see 14.2.4.1).

As anothefr consequence, torque shoulder Seals need to be disabled unless those are the primary sealjng
surfaces. [f torque shoulders are the primary sealing surfaces, any other sealing surfaces that might
impede ggs flow to the seepage deteetion ports also need to be disabled (see 14.2.3).

It is ackngwledged that drilling.of-the detection ports into the connection dope relief grooves, and in
some casgs also disabling of the‘torques shoulder seal, might lead to relieving of the dope entrapment
(see 6.5.5) in a manner thatisdifferent from the field conditions.

6.5.5 Dppe entrapnient

Dope entrpgpment-apon make-up can lead to deformation of the pin seal surface that exceeds the des]gn
intent, which<can be detrimental to the connection sealability. For example, excessive axisymmetric
deformatipofi-éan lead to global reduction in the contact stress intensity. Alternatively, a circumferengial
buckling mechanism can cause the pin seal to bDecome non-round (INCrease the pin waviness).
Consequently, the seal contact stress distribution will be non-uniform, and seal burnishing might be
inadequate.

Dope entrapment is more likely to occur when the amount of the dope applied prior to make-up is
increased, and, to a lesser extent, when the make-up speed is increased. In a conservative sealability
test, the largest amounts of dope allowed by the connection manufacturer should be applied to the test
specimens. The specimen make-ups should be performed at maximum allowable speeds.

6.5.6 Thermal cycle test — bake-out and hold durations

Each thermal cycle includes holds at maximum cycle temperature and at minimum cycle temperature.
The duration of those holds should be long enough to capture time-sensitive impacts on the connection
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behaviour, yet as short as possible to minimize the test duration (cost). The major time-dependent
factors are: behaviour of the seal components (changes in dope phases, movement of solid particles),
and stress relaxation of pin and box materials (impact of multi-axial relaxation on radial contact stress).

It is assumed that a “sufficiently” long bake-out of the test specimens in the sealability test will
adequately simulate the time-dependent dope degradation that occurs in field service, and its impact
on sealability. The bake-out should be done with external loading, so that the loading conditions are
consistent with the field service, where the connections are in axial compression during heating and
subsequent hold at elevated temperature.

Th
14/

pr

Fo
rel

evaluation prnrndnrn cpnr‘ifinc the bake-out durationtobe 120 hoursinthe first thermal

4.7.2). Regarding dope degradation, it is assumed that once this bake-out is performed, 10
longed bake-outs are required at high-temperature holds in subsequent cycles.

cycle (see
hdditional

time. The
that hold.
n at room
relaxation
ted to be

" typical OCTG materials, stress relaxation effects follow an exponential-decay with

axation is more pronounced in the initial portion of any hold than in the later-stages of
Stijess relaxation strongly depends on temperature - it is higher at elevated temperatures th3
ternperature. Stress relaxation also depends on applied stress and strain, with the amount of
typically increasing with the stress-strain magnitude (although that relationship is expeq
mdterial-specific).

Engineering experience indicates that the majority of stress relaxation occurs within 24 to|48 hours,

when high-temperature strain is held constant. The adoptedake-out duration is thus ad
relpxation to be nearly exhausted in the first thermal cycle. Relaxation is small during low-te
holds, so that subsequent 4 hour high-temperature holds aredong enough to counteract low-te
relaxation.

pre-test exposure of the test specimens to elevatéd temperatures should be carefully ¢
to pvoid any significant changes of the specimen nmaterial properties that would be inconsi
the¢ operational loading scenario.

6.3.7 Pressure and temperature loading in thermal cycle test and analysis

Th loading procedure for the thermal'Cycle test (see 14.4.7) is based on the assumption that

bquate for
perature
perature

bnsidered,
ttent with

n thermal

opprations, internal casing pressuretlosely follows the saturated-steam relationship with temperature,

although the sequence of pressure and temperature changes in field operations might n
cofrespond to the saturated-steam relationship. For example, casing temperature typically 1
preéssure during the heating part of a thermal cycle due to delays caused by finite heat tran
In the cooling part of a\cycle, temperature can decrease while well pressure is maintained

of reservoir fluids. The/departures of the pressure-temperature loading sequence from the

stgdam relationship,will vary for different field operations, and thus would be challenging t
anfl/or specifydor‘general evaluation purposes. Those loading-sequence differences are con
haye little impact on connection performance during the test holds under full pressure an
temnperatures. For that reason, and also for practical test-control considerations, those diffe
diqregafided in the thermal cycle test procedure.

pt exactly
hgs casing
sfer rates.
Dy ingress
baturated-
b quantify
sidered to
1 extreme
‘ences are

perature

changes in a simulated thermal cycle. In some supplementary numerical evaluations and parametric
studies conducted on a generic connection model in support of the original TWCCEP development (prior
to publication of ISO PAS 12835:2013), that load path was found to be somewhat more severe than
simultaneous application of the pressure and temperature-driven loads. Subsequently, that sequence
was chosen for the numerical evaluation tasks associated with selection of the biased test population.
The resultant discrepancy between the loading sequence in the analysis and physical test is believed
not to be significant for connection evaluation purposes.

6.5.8 Dependence of material strength on temperature
Consistency of material-strength dependency on temperature is assumed. For a given production

material, proportional reduction of yield strength at any given elevated temperature is assumed to
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be the same for samples of that material coming from the lower end and from the higher end of the
allowable range of the production yield strength.

It is recognized that material temperature-dependence is typically not controlled in pipe production;
consequently, it is recommended that the assigner and the supplier verify the above assumption at the
onset of the evaluation program and consider the outcomes of such verification in subsequent modelling
and testing tasks (see 6.3.4).

6.6 Scope of reporting

The
evaluation report shall contain a descrlptlon of the assumed program roles details of the candld hte
connectiop, the data acquired in the analysis and physical testing (as per Clause 15), comparison of
the results with threshold performance requirements, and any non-conformances with respect to the
evaluation procedure.

The requirement for the evaluation report to contain the data acquired in the analysis and physical
testing wlll enable a thorough assessment of the candidate connection performatce, not only at the
time when the evaluation program is completed but also at later occasions. Such'a future assessment
can be copducted by a party that was or was not involved in the original-evaluation. It can also|be
performed for an application that can be similar or different from the, application targeted in the
original eyaluation. Consequently, design engineers working on such future projects will benefit mgre
from knowledge of the connection response to each loading step in the‘evaluation procedure than frpm
comparis¢n of the selected performance indicators to arbitrary theeshold requirements. Therefore, the
evaluation report is intended to provide a complete record of thelexecuted evaluation program.

7 Program roles and proprietary design information

7.1 Program execution roles

Given that this document can be followed in different types of connection evaluation programs - some
commissipned by users (operators), some by connection manufacturers, and some by groups involving
various cqmpanies - in order to facilitate definition and interpretation of the evaluation procedure, this
document]adopts specific program rolé.descriptors, as defined in Clause 3.

Annex C provides recommendations-for role assignments, responsibilities and combinations in whijich
single/multiple parties can assume single/multiple program roles.

7.2 Prdgprietary connection design information

It is recognized that cennection design information is proprietary by nature, and that a supplier might
not want fo reveal‘some of that information, e.g. machining drawings, to any other party. Consequently,
the evaludtion precedure is structured so that it can be executed with or without exchange of candidhte
connectiop dfawings among the parties involved in the evaluation tasks.

The following principles are adopted for handling of proprietary/confidential information for the
purpose of performing the evaluation tasks:

— The supplier is not required to provide candidate connection machining drawings to any other
party within execution of an evaluation procedure.

— The evaluator is not required to reveal any candidate connection machining drawing details in
the evaluation report, except the information that is necessary to uniquely identify the candidate
connection (e.g. the interfacial component has to be described with enough detail to allow unique
identification of the product that has been tested in an evaluation program).
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— At the onset of each evaluation program, the assigner and the supplier shall agree on the extent of
exchange of proprietary information for the purpose of executing the evaluation procedure. If the
assigner and the supplier are the same party, then that party alone decides on any such exchange.

The evaluation report shall describe all role assignments, including selection of parties performing
various evaluation tasks and their respective responsibilities, and the agreement between the
assigner and the supplier relative to exchange of proprietary design information.

EXAMPLE Evaluation program conducted in-house by a supplier:

When an evaluation program is conducted in-house by a connection manufacturer, the manufacturer can
simultaneously assume the roles of the assigner, the supplier, and the evaluator, and hire an.ijdependent
party to be the inspector. The manufacturer will use the candidate connection drawings interndflly to build

FEA models and perform Task 2.2 Specimen Configuration Analysis (see 12.3.1). The resultswill be included
in the evaluation report, but possibly with no geometry details of the candidate connection. When those
details are not revealed to the inspector, then the inspector will be able to review the analysis [results but
not the consistency of the FEA model with the connection’s geometry.

8 | Conformance requirements

8.1 Conformant evaluation program

An| evaluation program shall be considered conformant with,thé requirements of this docunment if and

only if either of the following two sets of conditions is satisfied:

—| Set 1: The evaluation program was executed in full.conformance with all clauses of this locument;
and such fully conformant execution is documented as such by the evaluation repont and the
inspection report;

—| Set 2: The evaluation program was exe¢uted in partial conformance with the clauses of this
document; all non-conformances are described by the evaluation report and/or the inspection
report, whicheverisrelevant; and eachsuch non-conformance is accepted as not having sulpstantially
alleviated the requirements of thisprotocol and not having led to a substantial misrepres¢ntation of
the candidate connection perfermance.

Subclause 8.2 defines “non-confermance” and describes the process for accepting a non-cofformance

as patisfying the above Set 2(conditions.

8.2 Program nonyconformances

A pon-conformamnce-occurs whenever one or more conditions of a requirement are not satjisfied (i.e.

noh-conformariees apply only to requirements). In general, non-conformances can occur with respect

to program.definitions, analysis or test procedures, or reporting.

The practicality of carrying out an evaluation program can sometimes suggest that non-conformances

belactepted during the program executlon (e.g. when a test spec1men gets damaged and needs to be

ing history

than the damaged specimen) or after the program execution (e g. when data review indicates that a
specimen temperature was outside the allowed range in a certain location). Acceptance of a non-
conformance will be facilitated when the intended use of the evaluation program results is known at
the time of the program execution, for example when a candidate connection is being evaluated for
use in an existing operation with defined specific requirements. In other cases, acceptance of a non-
conformance can be more difficult, for example when a candidate connection is evaluated for future
applications with operational conditions unknown at the time of the evaluation program execution; or
when a connection manufacturer evaluates a new connection for several prospective users/applications
that might differ in non-conformance tolerance.
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The following principles shall be observed in the process of accepting a non-conformance as not
having substantially alleviated the requirements of this protocol and not having led to a substantial
misrepresentation of a candidate connection performance:

— at least two different parties performing the program roles assess the rationale and potential
implications of the non-conformance, and agree on accepting the non-conformance;

— one of the parties mentioned above is the assigner. The other party is the first party that is different
from the assigner in the following order: supplier, evaluator or inspector;

— all non-conformances are documented and the relevant documentation explaining the rationale for
accepfing each non-conformance is retained by the assigner as part of the evaluation report.

8.3 Perfformance acceptance

In any sipgle evaluation program, a candidate connection shall be considered to‘have met the
performance requirements of this protocol for the selected ASL if all of the following/conditions are
satisfied:

— the eyaluation program conforms with the requirements of this protocol (according to criteria
specified in 8.1);

— the candidate connection performance, measured by the evaluationprecedure, has metall applicaple
threshold performance requirements (only results of full-scale testing shall be considered|in
meetui[:g the threshold performance requirements);

— execution and results of the evaluation program have beenfirlly documented in an evaluation repprt
and, gs applicable, in an inspection report; and copiesof‘the evaluation report and the inspectjon
reporft have been delivered to the assigner.

8.4 Conformance of results from previous evaluations

Subject tq agreement between the assigner and the supplier, an evaluation program carried ouf] in
accordande with prior versions of the TWCEEP or ISO/PAS 12835:2013 (previous program) may|be
consideref representative of an evaluationcarried out in accordance with this document, provided that
the subsefjuent protocol revisions have'not caused a substantial change in the evaluation procedurd or
the threshold performance requiréments. The determination whether any such change is substangial
(or not) should be decided by agréement between the assigner, the evaluator and the supplier. If a
substantial change has been, determined, then the previous program might be considered insufficignt
for some qpplications, and incremental evaluation might be required. The scope of any such incremental
evaluation should be decided by agreement between the assigner and the supplier.

In all casgs, the evaluiation report and the inspection report shall indicate the TWCCEP version or the
edition of|this do¢ument to which the previous program and any incremental evaluations have bgen
conducted.

Prior evaluation data may sometimes be used in lieu of some or all analysis or testing required by the
evaluation program. Any party involved in the evaluation program execution may propose use of prior
evaluation data, but any such use should be agreed by the assigner and the supplier.

In general, use of prior evaluation data is allowed when either: 1) that data is fully conformant with
requirements of this document; or 2) that data is not fully conformant with requirements of this
document, but some additional conditions are satisfied. The following paragraphs provide provisions
for either of the above two scenarios.
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The following process shall be followed for use of any prior evaluation data in an evaluation program.
Prior evaluation data may be used in an evaluation program if:

a) a person/company who is a substantially qualified party to perform connection evaluation

(analysis and/or testing, whatever the case might be) and interpret results thereof:

1) conducts a thorough technical review of the prior evaluation data;

2) verifies that the scope, procedures, execution history, and documentation that were

employed

to acquire prior evaluation data have all met or exceeded the respective requirements of this

document for the candidate connection;

b)

If 4
is 1
arg

)

d)

Up
wii
sh

An|
thg

8.6 Conformance to lower ASLs

Co

3)
reached;

if the person/company in a) acts on behalf of the supplier of the connection forywhich u
evaluation data is proposed, then at least one other person/company that is ajsubstantially
party to interpret prior evaluation data and is independent from that connection supplie
written concurrence with the conclusions of the verification referred4o<n a).

review of prior evaluation data is conducted as referred to in a) and'b) and the prior evaly
ound to not meet all requirements of this document (for example,\because significant disc
identified between the prior evaluation and the evaluation préoedure of this document), t

of the connection for which use of prior evaluation.ddta are proposed, as discussed in
that person/company shall recommend additionalcanalysis and/or testing to supplemen
evaluation data such that the combined extentgof the prior evaluation data and the
analysis and/or testing will satisfy all requirentents of this document; or

if the review of the prior evaluation datais done by the supplier of the connection for
of prior evaluation data are proposed, and that review is verified by an independent
discussed in a) and b) above, then the‘supplier and that independent party shall agree on
analysis and/or testing to supplement the prior evaluation data such that the combinec
the prior evaluation data and the'additional analysis and/or testing will satisfy all requif
this document.

iting as having been carried out, the prior evaluation data and the additional analysis and
1l be deemed to jointly satisfy the requirements of this document.

y prior evaluatigrdata used in an evaluation program shall be included in the evaluation
correspondingevaluation program.

hformance of the assessment results of the candidate connection to the performance req

for

issues a written confirmation that such verification was conducted and includes the c<l>nclusions

be of prior
F qualified
I provides

ation data
repancies
hen:

if the review of prior evaluation data is done by a perseny/company independent from thle supplier

a) above,
[ the prior
hdditional

which use
party, as
hdditional
extent of
ements of

on that additional analysis ahd/or testing being carried out as discussed in c) or d) and conpfirmed in

or testing

report for

llirements

the selected ASL shallbe infprprpfpd asconformancetoall other ASLs defined hy]m/\mr te

peratures

than the ASL to which the candidate connection has been evaluated.

9

Application severity levels

9.1 Thermal well load path

It is recognized that casing connections in thermally-stimulated wells, such as SAGD or CSS wells,
experience a common loading scenario in which axial loads on the casing pipe-connection system and

int

ernal casing pressures are largely driven by cyclic temperature changes.

Temperature-driven axial force contributes the majority of the loading on the pipe-connection system.
As an example, Figure 4 illustrates a typical axial load cycle experienced by an L80 casing cycled
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between a minimum (lower-bound) temperature of 5 °C and a maximum (upper-bound) temperature of
290 °C (specifications for the distinguished temperature ranges are provided in 9.3). Figure 4a shows
the relationship between the pipe body stress and well temperature and Figure 4b shows the same
relationship in terms of mechanical strain generated by axially constrained thermal expansion.

Y Y
500 | g E1500

N /a

0
0 N 0
2501+ P @ 1-250
-500 ¢ C C 1-500
[ S8 B——7 (O . L
0 50 100 150 200 250 300 X1 -0,4 -0,3 -0,2 -0,1 0 0,1 X2
a) Stress-temperature plot b) _Stress-strain plot
Key

X1 tempefature, °C
X2 mechdnical strain, %
Y stress|MPa

Figure 4 — Example of thermal well load path (1,5 thermal cycles)

The load [cycle (“thermal cycle”) commences-with constrained heating, in which compressive ayial
stress inifially builds according to the elastic stress-strain relationship (load path OA). The casing
string yields when the compressive yield strength is reached (at approximately 180 °C in this case). The
casing regponse to further temperature increase is influenced by the temperature-dependence of the
yield strength, which typically reverses the slope of the stress-temperature curve, although this trgnd
can be sothewhat offset by strainjhardening (load path AB). During steaming at maximum temperatyre,
stress relaxation occurs, which reduces the compressive axial stress in the pipe-connection systgm
(path BC). When cooling,the string experiences constrained thermal contraction, which generates
axial tensjon (path CD)»Fhe reverse loading curve demonstrates a reduction of the elastic range and a
corresporjding rounded shape of the cyclic stress-strain curve. In the example illustrated in Figurg 4,
the casing yields again under tension (at approximately 100 °C). The maximum tensile stress is reached
upon return to-the lower-bound temperature (path DE). Heating in the second cycle follows a cy¢lic
stress-ten| perature (or stress- stram) curve (path EF) Subsequent loading in the second cycle and later
cycles qud 3
in a slight change (typically increase) of the ‘tensile stress at the cycle- end The w1dth of the hystere51s
loop EFCDE provides a measure of average pipe-body plastic strain accumulated in each cycle. Specific
progression of the load-deformation loops depends on cyclic properties of the casing material. For
example, modest increases in the end-of-cycle tension typically occur with further cycling.

Internal casing pressure typically constitutes a less severe loading component than axial tension and
compression, but it can have a significant impact on the casing deformation when the casing yields due
to the axial forces. In the event that a connection leaks, the magnitude of the internal pressure can also
be expected to impact the leak rate.

Internal pressure loading applied in the evaluation procedure is based on the assumption that in thermal
operations the internal pressure closely follows the saturated-steam relationship with temperature,
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although it is recognized that cooling can also occur with retained reservoir pressures. The adopted
pressure-temperature relationship for saturated steam is illustrated in Figure 5.
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9.2 Temperature as controlling parameter

Thi following list summarizes the reasons for which temperature is recognized as the major |
inflluencing therimal well loading and connection sealability and structural response:
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Figure 5 — Relationship between pressure and temperature for saturated stea

ke cyclic loading sequence described in the aboveparagraphs is assumed as the basic load p
hlytical and testing evaluation tasks, with some\modifications resulting from practical cons
5o see 6.5.7). The following three characteriStic stages of the thermal cycle were chosen ag

connection make-up;
maximum-temperature hold;

return to low temperatureat the end of the thermal cycle.

Constrdined thermal expansion of cemented casing, when heated to the maximum
temperature, generates high compressive loads that can lead to pipe body and/or c
yielding. The magnitude of the cyclic axial loads generated during temperature excursior

m

hth for the
iderations
reference

barameter

operating
onnection
1S, and the

degree of thermally-driven deformation, strongly depend on the applied temperature range;

In field service, applied internal pressures typically follow the pressure-temperature re
for saturated steam;

lationship

Properties of casing pipe and connection materials vary with temperature. The material yield

strength typically decreases as temperature rises, and creep and relaxation effects bec
pronounced at elevated temperatures;

ome more

Elevatedtemperaturesaffectpropertiesofconnectioninterfacialcomponents(e.g.thread compounds,
coatings), and thus influence their role in premium seal effectiveness. Higher temperatures are
typically associated with faster property changes in coatings and thread compounds, although
resistance to such degradation can vary substantially between different coatings and compounds.
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The above list excludes geomechanical activity and corrosive effects, which are not addressed by this
document.

9.3 Specifications for application severity levels

Thermal well operations are diverse. While the thermal well loading sequence is assumed to be
common (and consistent with the loading path described in 9.1), operational temperature ranges
vary. Assuming a single reference temperature for connection evaluation purposes would lead to the
evaluation conditions being too severe compared to some field applications, and perhaps not severe
enough for other applications. To permit consistent use of the evaluation procedure for various
severities|of thermal well operations, this document defines multiple ASLs that relate to increasingly
arduous sprvice conditions, and consequently specify increasingly arduous evaluation condition's)

This document categorizes the ASLs based on the upper-bound temperature, as shown in¢{Iable 1. For
example, ASL-290 denotes a severity level choice appropriate for operations in which-the"maximpim
operating|temperature will not exceed 290 °C. Applications in which maximum temperature does pot
exceed 180 °C are not addressed by this document.

This docyment assumes 5 °C as the default lower-bound temperature for all ASLs. This choicqg is
consideref conservative for operations in moderate or colder climates, because‘the casing string is not
expected fo be at a lower temperature during cementing, and is not expected to cool down to a lower
temperature during the operational cycles.

It is recognized that the casing string might not cool down to 5/C\ih some climates and/or in some
thermal dycles. Assuming the default lower-bound temperature of 5 °C for those field applicati¢ns
leads to the test loading being somewhat more severe than the'field loading. This results in an exfra
conservatiism of the assessment, which provides an additional safety margin for future use of the
candidate| connection, and enables a “qualified” connection to be used in various climates without a
need to rgpeat any testing. Clause D.1 provides guidahce for optional evaluations with non-defqult
temperatyre ranges.

All axisyrhmetric loads applied in the evaluation-procedure are derived from the ASL specifications.
Axial loads are strain driven, resulting from_¢onstrained thermal expansion and contraction within
the range|defined by the lower-bound and upper-bound temperatures. Consequently, the magnitudles
of axial fofrces are material-specific. They.depend on the coefficient of thermal expansion of the casing
pipe (and|to a lesser degree of theScoupling material), and the material stress-strain-temperatiire
characterjstics.

Table 1 — Application severity levels

Application severity level)| Maximum operating tem- | Lower-bound temper- | Upper-bound temper-
(ASL) perature ature ature
°C
Nof applicable 180 - 180
240 181 to 240 5 240
290 24tt0 290 5 290
325 291 to 325 5 325
350 326 to 350 5 350

The internal pressures derived from the relationship between saturated-steam pressure and
temperature are listed in Table 2. The saturated-steam pressure pgg at a given temperature T is
subsequently referenced as pgg(T). Some field applications can involve operational pressures other
than the pressures resulting from the saturated steam curve. When the operational pressures are
lower than the saturated steam pressure, then the resulting extra conservatism can be treated as a
margin that will enable a “qualified” connection to be used in a variety of applications in which internal
pressure can vary from time to time. This document does not address loading scenarios in which the
operational pressures exceed the saturated steam pressure. Customized evaluations are recommended
for those operations.
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Table 2 — Resultant derivative loads

Upper-bound temper- Maximum internal pres-

Axial loads

ature sure

°C (Strain-driven) MPa
180 1,0
240 Resultant from constrained 3,3

thermal expansion between

290 lower- and upper-bound tem- 74
325 peratures 12,1
350 16,5

9.4 Selection of application severity level
The assigner shall select the ASL for each evaluation program at the program ons$ét:

An| ASL with an upper-bound temperature higher than the maximum temperature expected in the
relevant field service should be chosen for the evaluation program.

Prior to program commencement, the assigner should consult with-the supplier to confirm that the
selected ASL conforms to the supplier’s intended service environnient for the candidate connpction.

1Q Program blocks and tasks

10.1 Evaluation procedure overview

Thi basic structure of the evaluation procedure_is outlined in Figure 6. The procedure consjists of the
following blocks (groups of related tasks): program specifications; biased test population;|specimen
procurement; full-scale testing and supplementary analysis; and reporting.

The program specifications block (see‘Clause 11) describes the assumed program roles, the|candidate
connection, and the selected program:-options, such as the ASL. If relevant prior data is avdilable and
intended for use in the program being commissioned, it needs to be referenced in this block as well. The
program specifications are selected in Task 1.1 to Task 1.4.

Selection of program specifications for the candidate connection can impact subsequent lise of the
program results. For example, since the connection interfacial components (i.e. coating apd thread
compound) play a fuadamental role in connection sealability in thermal applications, the ¢valuation
n the test
result in a

ations for
isks: Task
ysis. Task
laterial(s).
These reference properties are acquired by coupon-scale laboratory tests of a random sample of the
connection production material(s), at temperatures spanning the selected ASL. The acquired reference
properties are used to formulate a constitutive material model for subsequent numerical simulations.
Task 2.2 Specimen Configuration Analysis is a parametric finite-element sensitivity study. It is
conducted to select worst-case combinations of geometric and material-property variables allowed by
the manufacturing tolerances, and to select target make-up torques for sealability tests. Subclause 12.3
describes the scope of this analysis, and Annex A provides associated modelling guidelines.

To facilitate program execution, the material characterization and sensitivity analysis can be performed
well in advance of the other evaluation tasks. Pre-existing material data and FEA results can also be
used if their conformance to requirements of this document is demonstrated.
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The results of the front-end analysis affect decisions relative to the procurement of specimen
material(s), as described in Clause 13. If material properties are shown to have a significant impact
on the candidate connection structural response, the range of material properties allowed for the test
samples is biased to those properties that lead to worst-case combinations of the material variables.
If no significant impact of the material variables is found, the test samples can be procured from any
material with properties in the range allowed by the candidate connection production specifications.

After the

test specimen’s mother pipes are procured in Task 3.1, their mechanical properties are

verified in Task 3.2, by a limited number of coupon-scale tests. Since the purpose of those tests is to
confirm consistency of the test sample material with the specifications defined by the front-end

configura
machined
variables

Homatatystsythey camrbereferredtoasquatity=assurarce checks—Thre test specimensare then
and gauged according to the selected geometrical specifications in Task 3.3. Manufaetuping
hot predetermined in this document are assumed to be within normal production values. It is

recommemded that duplicate specimens (replacement spares) be manufactured for each full-scale test

specimen
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Block | | Task | | Description | | Clause |
& 2 1.1 |Program Roles Assignment of program roles 11.2
1 © % 1.2 |Candidate Connection Unique identification of pin,box,interfacial component 11.3
én g 1.3 [Program Options Selection of ASL and optional tasks 11.4
~e 1.4 |Prior Evaluation Data Use of analysis/test data from prior evaluations 11.5
21 Initial Material Property Material property test of a random production sample 12.2
" |Characterization Reference properties for input into FEA model '
g v
s S - - - - : : " - o
g E Cpn HRen f‘nnFlg\lwﬂfInn Dnrnm‘eﬂ%&m.nn ritical .—lnmgn spe. ifi
g §_ Analysis configurations for test specimens
3]
2 g % 2.2.1 |Nominal Reference Nominal geometry, material properties, assembly torque 123
g é 22 2.2.2 |Specimen Geometry Worst diametric interferences and thread tapers D 2 ’
g 3 " |2.2.3 |Seal Tapers® Variations due to tolerances for seal tapers b3 D, 4
é 2.2.4 |Material Properties Worst yield strength range for pin and box materigals o
2.2.5 |Make-up Torques Target make-up torques for sealability tests
2.2.6 | Test vs Production * Best test specimen vs worst production/Specimen
Pipe joints and coupling stock
3.1 [Specimen Pipe Procurement pe) . plng . . 13.2
£ as per specifications for biased test population
5 8 v
3 E g g | 3.2 |Material Property Verification | |Verificatior1 of material properties of procured pipes | | 13.3
LD
)
b 33 Specimen Machining and Per specifications fop bidsed test population 13.4,
"~ |Gauging 1 | 2 N3] 4 ] 5 | 6 | spares 13.6
Multiple m@ke-ups and break-outs
4.1 |Galling Resistance Test P P 14.3
12 | o3 | L s |
Akisymmetric configuration and loading
10 thermal cycles from room to maximum ASL temperature
g 4.2 |Thermal Cycle Test | 31 4| 5 | 6 | 14.4
wn
% Specimens re-labeled based on results of thermal
g g cycle test: RX RY
O
S 5
4 % = Bending Evaluation Sensitivity to non-axisymmetric bending 145
cn!l" qé 4.3 |4.3.1 |BendingAnalysis * Bending limit for structural integrity and sealability D '5'
= 9 w .
2 = 4.3.2 |Bend-Pest * | 2 I RY
5
E Limit-Strain Test Strength and sealability at increasing tensile strains
© 4.4 444 |Loc.Strain Seepage ? 1 RX D.6
4.4.2 [Tension Limit 1 RX 14.6
45 As-Tested Configuration Analysis of as-tested configuration in support of acquired 14.7,
"~ |Analysis? experimental results D.7
Data and results from analysis and testin,
. 5.1 (Evaluation Report ] 4 . yst ng .
5 |Reporting Comparison with threshold performance requirements 15
5.2 lInspection Report Conformance with evalnation program requirements
2 denotes optional task.

Figure 6 — Blocks and tasks of evaluation procedure

Six specimens are subjected to full-scale testing. Clause 13 describes specimen configurations and
the corresponding numbering convention. As much as practical, the configuration of each specimen is
designed to represent the worst-case combination of tolerances with respect to performance measures
assessed in those tests to which the specimen is subjected. The testing sequence for each specimen is
illustrated in Figure 6 (specimen numbers are marked in blue boxes).
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The fourth block contains specifications for full-scale tests and supplementary analyses (see Clause 14).
Some tasks in this block are mandatory and some are optional. The mandatory tasks in this block are:
Task 4.1 Galling Resistance Test, Task 4.2 Thermal Cycle Test, and Task 4.4.2 Tension Limit. The optional
tasks are: Task 4.3 Bending Evaluation (both subtasks), Task 4.4.1 Localized Strain Seepage, and Task
4.5 As-Tested Configuration Analysis.

Table 3 summarizes the mandatory and optional tasks and associated data categories. The task
outcomes are categorized according to the data types described in 6.3.7: input for subsequent tasks,
key performance measures, and auxiliary performance data.

lIable 5 — Mandatory and optional tasks and resultant data categories
Task Completion Resultant data category Clause
21 Initjal Material. Prc_)perty Charac- Mandatory Input for subsequent tasks 12.2
terization
Specimen Configuration Analysis: 12.3
2.2.1 Nominal Reference Mandatory 12.3.3
P.2.2 Specimen Geometry Mandatory 12.3.4
2.2.3 Seal Tapers Optional N D.2
2.2 2.2.4 Material Properties: Lr;glflgrfrc:lrailités(je;]&ent tasks and auxiliary 12.3.6
2.2.4.1 Pin Yield Strength Mandatory 12.3.6.
p.2.4.2 Box Yield Strength Optional D.3
2.2.5 Make-Up Torques Mandatory 12.3.7,
2/2.6 Test Versus Production Optional D.4
3.2 | Madterial Property Verification Mandatory |Inputfor subsequent tasks 13.3
4.1 Galling Resistance Test Mandatory . |Key performance measure 14.3
4.2 Thermal Cycle Test Mandatory ~|Key performance measure 14.4
Bending Evaluation:
4.3 4.3.1 Bending Analysis Optienal Auxiliary performance data D.5
4.3.2 Bend Test Optional
Limit-Strain Tests 14.6
4.4 4.4.1 Localized Strain Seepage Optional Aucxiliary performance data D.6
4.4.2 Tension Limit Mandatory |Key performance measure and auxiliary 14.6.6
performance data @
4.5 | As-Tested Configuration Analysis Optional Auxiliary performance data 7
a  Datais|auxiliary beyofid-average thermal strain.
The scopdq of the full*scale tests has been structured to reflect the loading encountered by casing gnd
connectiop systems during assembly and field service. The galling resistance test is conducted| to
verify that the.candidate connectlon can w1thstand multlple make- ups and break-outs without sevg¢re
galling of Lh

the candidate Connectlon sealablllty and structural 1ntegr1ty under comblned thermally- 1nduced
cyclic loading. This test includes specimen bake-out and multiple thermal cycles with temperature
and pressure changes consistent with the selected ASL. Four specimens are cycled, either in one or
more strings or individually. Upon completion of the thermal cycle test, the specimens are re-ordered
according to their performance in that test. One cycled specimen and one non-cycled specimen are
designated for the optional bend test, in which the connection sealability and structural integrity are
assessed under curvature loading. One cycled specimen and one non-cycled specimen are subjected to
the limit-strain test, in which limits of connection structural integrity and (optionally) sealability are
assessed under increasing, tensile axial strain. Detailed test procedures and threshold performance
requirements for each test are included in Clause 14 (mandatory tests) and Annex D (optional tasks).
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Galling resistance, structural strength, and sealability measured in the full-scale tests are the only
evaluation results that are compared to threshold performance requirements; i.e. only these full-scale
test results contribute to the pass-fail assessment of the tested candidate connection.

Supplementary analyses are recommended to evaluate connection performance indicators that can
be critical for some operations but not for others. Task 4.3.1 Bending Analysis is recommended for
applications in which severe bending and/or shear is anticipated during installation or during well
operation due to geo-mechanical loading. Task 4.5 As-Tested Configuration Analysis is recommended
to be conducted in support of interpreting the acquired experimental results; for example, when some
tested connections are considered for classification as excluded connections.

Re
be

copditions that are not simulated in the mandatory tests.

Pr
an

compared with the threshold performance requirements. The inspectionceport is prepar

5.9

sults of supplementary analysis are not compared to threshold performance requiremént
used to specify additional testing to assess connection performance under applieatia

pgram reporting is conducted in Task 5.1 Evaluation Report. The evaluatioh,report cd

re

10

Se
ha

copnection. A list of the critical path tasks is given in @able 4.

It
en
wi

considered in view of guidelines providedin Annex C and selected by agreement between th

an

COJ)\dUCted evaluation program with the procedures required by this document. Clause 15 deg

and may be attached to the evaluation report. The inspection report\werifies conforma
orting requirements in detail.

.2 Critical path tasks

reral tasks in the evaluation procedure are distinguished as critical path tasks, who
5 substantial impact on subsequent task executionkand on resultant assessment of the

s recommended that execution and results ofithe critical path tasks be independently rej
th the threshold performance requirements. The extent of such an independent review

1 the supplier.

s but may
n-specific

ntains all
d in Task

ce of the
cribes the

hlytical and test data collected in the evaluation program. Data acquired~in full-sca{ tests is

se output
candidate

riewed, to

sure that correct output from those tasks isdhcorporated in other related tasks and in comparisons

should be

e assigner
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Table 4 — Critical path tasks

11 Program specifications

11.1 Task overview

This clau
specificat
allow uni

and the options selected for the evaluation procedure.

This bloc}
11.3), Tas
this block

Task Clause
1.4 |Prior Evaluation Data 11.5
2.1 |Initial Material Property Characterization 12.2
Specimen Configuration Analysis: 12.3
2.2.1 Nominal Reference 12.3.3
2.2.2 Specimen Geometry 12.3.4
2.2 |2.2.3 Seal Tapers 2 D.2
2.2.4 Material Properties 2 12.3.6 and D.3
2.2.5 Make-Up Torques 12.3.7
2.2.6 Test versus Production 2 D.4
3.2 |Material Property Verification 13.3
3.3 |Specimen Machining and Gauging 13.4,13.6
4.1 |Galling Resistance Test 14.3
4.2 |Thermal Cycle Test 144
Bending Evaluation:
4.3 |4.3.1 Bending Analysis @ D.5
4.3.2 Bend Test
Limit-Strain Test: 14.6
44 |4.4.1 Localized Strain Seepage @ D.6
4.4.2 Tension Limit 14.6.6
4.5 |As-tested Configuration Analysis @ D.7
a2 Applies only to the performed optional tasks.

ons (see Figure 6). The-tasks in this block are conducted to specify information that
ue identification eof parties involved in the evaluation program, the candidate connecti

k 1.3 Program Options (see 11.4), and Task 1.4 Prior Evaluation Data (see 11.5). All tasks
are mandatory.

Additiona’ infermation shall be included in program specifications when necessary to achieve unig
identification’of the candidate connection and the selected program options.

 contains fogr-tasks: Task 1.1 Program Roles (see 11.2), Task 1.2 Candidate Connection ($

se describes the first-block of the evaluation procedure, which deals with program

vill

All information obtained in the program input shall be documented in the evaluation report.

11.2 Identification of program roles

Task 1.1 Program Roles is performed to identify all parties known to be involved in the evaluation
program at its onset, and their assigned tasks. If other parties become involved in the evaluation
program during its execution, then the information about those parties shall be added to program
specifications accordingly. If multiple parties are assigned to a role, the program specifications shall
indicate the assigned sets of responsibilities within the shared role.

32

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=75a63989b131dacf506e0534774d11a1

ISO/TS 12835

:2022(E)

Table 5 illustrates the required extent and recommended format of program specifications on role
assignments. Specific assignments in Table 5 are listed as examples and are not to be interpreted as
provisions of this document.

Table 5 — Example of program specifications for role assignments

Program Company Responsibility/task Source/sub-task
role
Operator A Selection of ASL This example assumes a
Assigner Manufacturer B Selection of candidate connection program jointly commis-
S sioned/ funded hy|Operator
All other assigner tasks are shared A and Manufacturer B
Supplier Manufacturer B Provision of mother pipe and test samples
Material property characterization Prior eydlnation data
Manufacturer B - - - - — -
Specimen configuration analysis Existing previous fesults
Evaluator - - - - - - - V -
Engineering Firm C Specimen configuration analysis Additional analysip
Engineering Firm D Full-scale testing
Ingpector Engineering Firm D Specimen machining and gauging Third-party threafl/seal
gauging
Engineering Firm C Full-scale testing Galling resistance|test
Engineering Firm E Full-scale testing Thermal cycle test
Engineering Firm F All other inspection tasks
11.3 Identification of candidate connection
In [Task 1.2, specifications for the candidate connection shall uniquely identify the connectign product
that is the subject of assessment in the evaluation program, and the candidate connection| assembly
procedure recommended by the supplier. Fable 6 illustrates the required scope of, and recommended
forymat for, the candidate connection specifications.
Th first group of specifications in Table 6 relates to the candidate connection production spedifications,
anfl include the connection name; size, weight, pin and box materials, and interfacial compongnts.
If the candidate connection pin and/or box materials are manufactured to a design-spedific set of
specifications that are different from standard grade specifications (e.g. a narrowed-down range of
yigld strength), then thiose design-specific production manufacturing specifications shall befidentified
in [fask 1.2 and subseduently used in determination of the biased test population (Task 2.1 and 2.2, see
12]2 and 12.3) and.for procurement of specimens for full-scale testing (Task 3.1, see 13.2).
Table 6 — Extent and format of candidate connection specifications
1.[[dentification of candidate connection
Prpduct name
Size
Weight

Pin material designation @

Box material designation 2

Interfacial components

2.

Connection schematic P

a

b

C

d

Reference to standard or product-specific grade specifications.
Drawing detail to the extent needed to perform evaluation tasks.
Identification of the manufacturing process.

Torque-turn graphs up to maximum achieved torque.
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Table 6 (continued)

Diagram: attach separate page(s) with schematic cross-sectional diagram

3. Production specifications ¢

Process control/quality management plan

Pin drawing(s)

Box drawing(s)

Pin surface treatment/type specification

Box surface treatment/type specification

- Drawimgordocumrentrevisiomranddate
Swage/strEss relief procedure

Gauge calipration procedure

Gauging and geometry inspection/QA procedure

Material property inspection/QA procedure

Interfacial component inspection/QA procedure

4. Assemljly specification

Mill maketup procedure
Field runnfing procedure Document revision and date

Connectioh repair procedure

Sample mgke-up curves 4 Reference to make=uip procedure

a  Reference to standard or product-specific grade specifications.
b Drawing detail to the extent needed to perform evaluation tasks.

¢ Identif]cation of the manufacturing process.

d  Torquefturn graphs up to maximum achieved torque.

The second group of specifications relates to the\'¢andidate connection schematic drawings. The
schematiqdrawings shall contain sufficient amount of detail to enable execution of the evaluation tagks
required by the evaluation procedure.

The third|group of input specifications relates to the candidate connection manufacturing procedyre.
These spdcifications are required to wuniquely identify the manufacturing process of the evaluated
product, for later reference. This, document does not require provision of confidential design|or
manufactyiring information.

The fourth group of candidate eennection input specifications relates to connection assembly. The mill
make-up 4nd field running-procedures and connection repair procedures are provided for use in Task
4.1 Galling Resistance Test{see 14.3). Samples of make-up torque-turn curves are provided to verjify
accuracy ¢f the candjdate connection model in Task 2.2 Specimen Configuration Analysis (see 12.3).

11.4 Prggram'options

In Task 1.8,(the assigner shall consider and select from the following program-execution options:

a) Application severity level;

b) Task 2.2.3 Seal Tapers - indicate if that analysis will be carried out in the evaluation program or
not;

c) Task 2.2.4.2 Box Yield Strength - indicate if that analysis will be carried out in the evaluation
program or not, and if yield strength of the box material will be considered in determination of the
biased test population;

d) Task 2.2.6 Test versus Production - indicate if that analysis will be carried out in the evaluation
program or not;

34 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=75a63989b131dacf506e0534774d11a1

ISO/TS 12835:2022(E)

e) Task 4.3 Bending Evaluation - indicate the selected scope of the bending evaluation: none, bending
analysis only, bend test only, or both options;

f) Task 4.4.1 Localized Strain Seepage - indicate if that test will be carried out in the evaluation
program or not;

g) Task 4.5 As-Tested Configuration Analysis - indicate if that analysis will be carried out in the

evaluation program or not.

The assigner shall communicate the selected options to the supplier, the evaluator and the inspector.
The evaluator shall document all selected options in the evaluation report.

11.5 Data from prior evaluations

In [Task 1.4, input of any prior evaluation data intended for use in the evaluatien_prograr shall be

copducted as follows:

a) | source and contents of any existing data that is intended to be utilized.in the current ¢valuation
program as prior evaluation data shall be identified;

b) | conformance of that existing data to requirements for prior eyahiation data shall be verified as
stipulated in 8.5.

124 Determination of biased test population

12.1 Task overview

Thiis clause describes the second block of the_evaluation procedure: determination of bjased test

of design
assumed

pulation (see Figure 6). The main purposecof this block is to select those combinations
[iables and make-up torques that represent worst-case scenarios with respect to the

po
va

pe
to
the

-formance measures for the candidate‘connection. The selected combinations are subsequ
derive specifications for the connection specimens to be manufactured for full-scale testi
target make-up torques to be applied upon specimen assembly for sealability tests. The
pose of this block is to provide reference results for determination of load steps that will

ently used
hg and for
secondary
be applied

pu

in physical testing.

Th
an
fol
thd

(see 12.2),
bed in the
rement of

is program block consistsjof two tasks: Task 2.1 Initial Material Property Characterization
l Task 2.2 Specimen Configuration Analysis (see 12.3). Details of those two tasks are descr
owing clauses. Implications of the front-end analysis results on decisions relative to procy
test specimens.dave also described.

To
an

facilitate program execution, the material characterization task and the specimen con
hlysis cafi be performed in advance of the other evaluation tasks.

figuration

M4 k 2.2 shall

be

terialproperty specifications (for example, yield strength range) used for Task 2.1 and Tas
consistent with candidate connection specifications provided in Task 1.2 (11.3).

Prior evaluation data on material property characterization, specimen configuration and make-up
torque analysis may be utilized in lieu of some or all subtasks of Task 2.1 and Task 2.2, if applicability of
that prior evaluation data to the candidate connection and its conformance to the requirements of this
document is demonstrated according to the provisions in 8.5. In such cases, prior evaluation data can
be used, for example, to select specimen specifications and/or make-up torques for full-scale testing
without conducting all material characterization and analysis cases required in Task 2.1 and Task 2.2.

Results of analyses conducted to determine specifications for the biased test population are not
intended to be compared with the threshold performance requirements of this document.
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12.2 Initial material property characterization

12.2.1 Task description, definitions, methods

12.2.1.1

Task purpose

Task 2.1 Initial Material Property Characterization is conducted to obtain material properties of the
candidate connection pipe (pin) and coupling stock (box) needed as input for FEA modelling in Task 2.2

Specimen Configuration Analysis. These properties include tensile stress-strain response and thermal
expansioncoefficient at temperatnres spanning the selected ASI

The following eight material property data sets are defined to facilitate completion of the connect

analyses i
— As-ch
— As-ch

h Task 2.2:
practerized pin

hracterized box

— Maxinum-yield pin

— Minimium-yield pin

— Medign-yield pin

— Maxium-yield box

— Minimiume-yield box

— Medign-yield box

Subclausels 12.2.1.2 and A.2.3 describe features and:.ifitended use of the above material property d

sets.

12.2.1.2

The rang

As-characterized, minimum yieldfmedian yield, maximum yield properties

es of the pin and box yield, strengths possible to encounter in the candidate connect

productiopn samples are assumed to_terrespond, respectively, to the ranges allowed by the supplig

specificat

ons for the pin and box materials. It is assumed that the post-yield stress-strain response g

the thermfal expansion coefficient-of each material do not vary substantially within the specified yi
strength fjange.

Conseque
material:

htly, the following sets of stress-strain properties are defined for either the pin or the 1

— “as-characterized” - stress-strain response obtained from testing of representative mater

samp
corre
allow

es or-adopted from prior evaluation data (see 12.2.1.3). In general, this property set y
spond' to the yield strength somewhere between the minimum and the maximum streng

on

Ata

on
r's
nd
eld

(0):¢

ial
rill
rth

bd-by the production specifications;

— “minimum-yield” - stress-strain response of a sample with the minimum yield strength allowed by
the production specifications. This response is obtained by interpretation of the “as-characterized”
response, as described in 12.2.4;

— “maximum-yield” - stress-strain response of a sample with the maximum yield strength allowed
by the production specifications. This response is also obtained by interpretation of the “as-
characterized” response, as described in 12.2.4.

— “median-yield” - stress-strain response corresponding to the median of the yield strength range, as
defined for specific modelling cases in Task 2.2 - see 12.3.6.2 and D.3.

36
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The thermal expansion coefficient is assumed unchanged for the as-characterized, minimum-yield,
maximum-yield, and median-yield sets of stress-strain response (see 12.2.2.3).

12

.2.1.3 Methods to obtain as-characterized properties

The as-characterized properties may be obtained using one of the following methods:

— coupon-scale laboratory testing of samples representative of the candidate connection pin and box
production materials. These tests will generate “as-characterized pin” and “as-characterized box”

properties;

Ta
be
ev

Anl

ap
sc(

The as-characterized material properties are\used to define material property data sets for s

us

12

M+
bu
in

ha
sed
qu
fon

Up|

h|
;Fofs

testing of one representative material, either pin or box, if those two materials are con
have substantially the same properties. This testing will generate one “as-characterize
set of properties;

using data from prior material property tests, if it is considered representative for the
connection materials (prior evaluation data, also see 6.3.8). Use of prior evaluation data ca
either “as-characterized pin” and/or “as-characterized box” and/or “as=eharacterized pi
of properties.

method for obtaining as-characterized material propertiesZshould be selected
ideration given to later mandatory verification of material properties of the test spe
bk 3.1 — see 12.2.1.4 and 13.3.3. It is also recommended that this method be selected by ¢
fween the evaluator, the supplier, and the assigner. The selected method shall be documer
hluation report.

y material property tests executed within Task 2.1 shall be performed in conform
blicable provisions of 12.2.2 and 12.2.3. If both\pin and box materials are tested, then t
pe should be the same for the pin and box samples.

 in Task 2.2 Specimen Configuration Analysis (see 12.3).

2.1.4 Variability and later verification of material properties

chanical properties of pipe materials used for full-scale evaluation tests will in general 1
E not exactly the same, as the'properties of the pipes and couplings used in the field. Variab

sidered to
1 pin-box”

candidate
h generate
n-box” set

with due
cimens in
greement
ted in the

ince with
he testing

Ibsequent

be similar,
lity exists

material properties at(both ambient and elevated temperatures. Analyses of connectign models

Ve shown that yield and post-yield material properties affect contact forces in premium ¢
s, and thus variability in those properties can be expected to influence connection seg
hlification tests.and field use. Consequently, that variability is considered in the procedur
selecting thexcandidate connection specimens.

on procurement of materials for the full-scale test specimens, conformance of their propse

re
Verification (see 13.2 and 13.3). It is recommended to review the scope and provisions o
Mdtefial Property Verification at the onset of Task 2.1 Initial Material Property Character

onnection
lability in
e adopted

rties with

uirements for the biased test population is verified by physical testing in Task 3.2 Materia

Property
Task 3.2

rzation, to

facilitate conformance with provisions in both tasks.

12

12

.2.2 Testing conditions and scope

.2.2.1 Application of provisions

Provisions of 12.2.2.2, 12.2.2.3 and 12.2.2.4 apply to testing conducted as part of the evaluation
program on the candidate connection to obtain the as-characterized material properties.
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12.2.2.2 Stress-strain response

The stress-strain response of typical OCTG materials is known to depend on the temperature and rate at
which the material is strained. Evaluation of the temperature-dependence of the stress-strain material
response is mandatory, unless existing material testing results are utilized as prior evaluation data.
Since the purpose of this initial evaluation is to support subsequent specimen configuration analysis,
and given the complexity and difficulty associated with evaluating material strain rate-dependence,
that aspect of the material evaluation is recommended but not required.

The following testing scope shall be conducted to assess stress-strain response of the pin and/or box

...........................

up to the femperature corresponding to the selected ASL:
— 15°C}to 35 °C (ambient temperature)

— 180 °C (transition temperature)

— 240 °C (ASL-240)

— 290 °C (ASL-290)

— 325°(C (ASL-325)

— 350°C (ASL-350)

Circumferjential variability in properties should be checked by conducting at least one additional testjon
a sample taken approximately 120° away (circumferentially) frem the first sample. It is recommended
that the dircumferential variability test(s) be performed at 180 °C. If a variation of more than 10| %
is observdd in the measured yield strain specified in ISO\1960 (API Specification 5CT), similar tests
should be| conducted at each of the other test temperatures. For each temperature at which multiple
tests are ponducted, the resulting stress-strain curve,that exhibits the lowest yield strength shonild
be used a$ the as-characterized material description: If variability in test results is suspected to be|an
artefact of the testing system, further testing should be performed to determine the repeatability of the
results.

Table 7 symmarizes the scope for Task 2.1 Initial Material Property Characterization, including the
mandatorly and recommended tensile tests for each ASL.

Table 7 — Scope of material characterization tensile tests

Application Se- Mandatory tensile tests Recommended Total number of tests
verity Level circumferential | = mandatory plus rec-
consistency test(s) ommended
240 °C 3 (ambient, 180 °C, 240 °C) 4
2902C 4 (ambient, 180 °C, 240 °C 5
290 °C) Atleast 1 test
325°C 5 (ambient, 180 °C, 240 °C (recommended at 6
296-°€,325°€) 180°C)
350°C 6 (ambient, 180 °C, 240 °C 7
290 °C, 325 °C, 350 °C)

Material properties derived from pin material tests are identified as the as-characterized pin material
data set and material properties derived from box material tests are labelled the as-characterized box
material data set.
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12.2.2.3 Thermal expansion coefficient

In Task 2.1 Initial Material Property Characterization, the average coefficient of thermal expansion («,)
of a material may be determined according to one of the following methods:

a) assume an average a, of 14 ue/°C, if it is considered representative of the pipe material over the
temperature range corresponding to the selected ASL;

b) quantify the thermal expansion coefficient over the temperature range corresponding to the
selected ASL by laboratory tests as described for Task 3.2 Material Property Verification (see 13.3),
and calculate an average value corresponding to that temperature range:

use existing data and/or test results from a material sample if they are considered.representative

for the temperature range corresponding to the selected ASL;

d)| calculate a, according to a temperature-dependent formula that is considered népresentative over

the temperature range corresponding to the selected ASL.

Th
the
be

e method for determination of a, in Task 2.1 should be selected by agreément between th
supplier and the evaluator. The adopted method and the assumed andyor measured a, val
documented in the evaluation report.

b assigner,
pe(s) shall

As
of
cas
ter

l issuance
bon steel
h elevated

an example, based on data from material property investigations completed prior to initia
TWCCEP, the following temperature-dependent formula‘was derived for several cay
ing materials to determine an average thermal expansjon.coefficient between 5°C and a
hperature T, in Celsius:

a, = (10,94 + 0,008 13- T) - 10°6

asurement of actual a, of pipes used for mapufacturing specimens for physical tests is adgiressed in

3.4.

12{2.2.4 Material strip specimens

The material strip specimens for; stress-strain characterization shall be longitudinal strip §pecimens
cut from full-circumference “coupon” sections of the source pipe. Where practical, thg material
stifip specimens should utilize*a full-thickness rectangular cross-section or equivalent cylipndrical or
semi-cylindrical cross-section, and specimen geometry should be selected to satisfy the c¢ntrol and
asurement requirenients defined in 12.2.3. In the as-characterized evaluation, specimen properties

i|l be interpreted as-an indication of average mechanical response.

b removed
the same
ent cross-

ative circumfereéntial locations of all material strip specimens shall be recorded as they ar
m the mother tubes. Where possible, all material strip specimens should be removed fron
ss-section) If this is not possible, extra strip specimens shall be extracted from an adjac

sp
Fo

tion nof more than 0,3 m (12 in) away, and from the same circumferential position. Mat
bcimmens manufactured from ERW tube should be extracted at least 90° from the weld

' 'small-diameter tubes for which the above-recommended specimen spacing is not po

erial strip
entreline.
5sible, the

circumferential distance between the specimen locations and the weld centreline should be maximized.

12.2.3 Procedure for tensile tests

Tensile tests shall be conducted using testing procedures that meet applicable provisions in ASTM A370,
ASTM E8 and ASTM E21 for ambient and elevated-temperature material mechanical property tests. It
is recommended that specimen loading in the tests be conducted in a strain-control mode at a strain
rate no greater than 0,5 %/minute.

Strain in the reduced section of each material strip specimen shall be measured with a strain
measurement device (e.g. strain gauge, extensometer or optical system) to a strain of at least 10 %.
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Example of strain-strain data to be acquired in the tensile tests are shown in Figure 7. These results
need to be further processed and interpreted in order to obtain material property input for FEA
modelling purposes. The figure details and result interpretation procedure are described in 12.2.4.

12.2.4 Interpretation and processing of tensile test results

12.2.4.1 Scope of result interpretation

Once the as-characterized properties are obtained with one of the methods described in 12.2.1.3, they

are interp

eted for subsequent use in Task 2.2. The following constitutive material descriptions are

the

product o
— as-ch

— minin

— maxijpum-yield.

An examy
“API yield
strength i

The minin
on sampl
propertie
maximum
defined by
but if a
material i
specified
requiremg
should su
remains \

Ideally, th
response
particulaf
contain ad
test temp

[ this interpretation (as defined in 12.2.1.2):
hracterized;

hum-yield;

le of the as-characterized set of properties is shown in Figure 7. Forsreference purpog
strain” in Figure 7 (and also in Figure 9 and Figure 10) denotes the'strain at which the yi
5 measured according to ISO 11960 or API Specification 5CT.

hum-yield set is meant to approximate results that would be©obtained if tests were conducf
bs with the minimum ambient-temperature yield strength. Similarly, the maximum-yi
5 represent an estimate of the properties that would.b€ measured from samples with

ambient-temperature strength in the material’s yield‘strength range. This range is typicd
r standard grade designations (such as the ones listed in ISO 11960 and API Specification 5C
anufacturer certifies that the ambient-temperature yield strength range of its product
5 different than the standard range, then thesnaximum and minimum of the manufactur

ents of this document through use of a-non-standard yield strength range, close attent
bsequently be paid to the strength of field-installed tubulars to ensure the material streng
rithin the range considered in this.evaluation.

e minimum-yield and maximunryield constitutive descriptions should indicate the str

ly where cyclic behaviouf occurs. As a minimum, the derived constitutive descriptions sh
lequate detail to provide-the monotonic stress-strain response of the material at each tens
brature.

es,
eld

ed
eld
he
Iy
1),
on
er-

yield range shall be used instead. If théJconnection configuration meets performance

on
rth

ESS

bf the material as a continueus function of strain and temperature. Such models are complex,

all
le-
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Figure 7 — Examples of as-characterized monotonic stress- strain curves
12|2.4.2 As-characterized material model
Yigld strengths defived from the material tests shall be tabulated and used to create
degradation fynction that non-dimensionally describes strength variations with temperature.
Mdasured yield-strength is defined per ISO 11960 (API Specification 5CT).
For thisgpurpose, the normalized yield strength is introduced and defined as in Formula (1):
# o,
Pnorm = ambient
y
where
G;mbient is the measured yield strength at ambient temperature;
O-)T/ is the measured yield strength at a given elevated temperature;
q,gorm is the normalized yield strength at the given elevated temperature.

The thermal degradation function consists of discrete points, where each point corresponds to the
normalized yield strength calculated at a different testing temperature (see Figure 8 as an example).

©lI
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The thermal degradation function for each material shall be assumed consistent for all analysis cases in
Task 2.2 Specimen Configuration Analysis.

While it is recognized that material thermal degradation functions are not typically controlled in pipe
production, it is recommended that those factors be monitored whenever practical, so that material
databases could be enhanced for use in tubular designs for high-temperature applications.

Key
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Y
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rature, °C
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Figure 8 — Example of thermal degradation function

Minimum and maximum yield models at ambient temperature

Ambient-temperature properties shall' be based on the post-yield stress progression derived fr
the as-chgracterized property sef, and the specified yield strength at the corresponding minimum|
maximum yield for the candidate connection pipe/box material. These are identified as the minimu
yield and

maximum-yield material property data sets.

The ambig¢nt-temperatufe stress-strain curves for the minimum-yield and maximum-yield descripti
shall be ctfeated using the following guidelines:

a)

b)

d)

42

Deter

mine the“elastic modulus from the as-characterized ambient-temperature test data. 'l

minimum and maximum yield strength curves shall have the same elastic modulus as the
charactesized curve at ambient temperature.

or
m_

ns

he

From the as-characterized material curve, determine the stress and strain at which the response
departs from the linear elastic response. This point on the stress-strain curve is commonly known
as the proportional limit. Note that the proportional limit can be different from the yield strength.

Reduce the provided set of data points beyond the proportional limit to an efficient size, while
ensuring that the curve remains representative of the material behaviour in areas of the curve
where the slope is changing considerably.

Translate each of the readings on the stress-strain curve beyond the proportional limit on the as-
characterized curve along the slope of the elastic modulus so that the stress at the API yield strain
is equal to the minimum yield strength (as defined in 12.2.4.1). The set of translated points will be
used to represent the post-proportional-limit stress-strain response of the minimum-yield curve.

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=75a63989b131dacf506e0534774d11a1

ISO/TS 12835:2022(E)

e) The points preceding the proportional limit of the minimum-yield curve shall constitute the elastic
region of the curve, and thus should follow the elastic modulus of the as-characterized curve as
calculated in Step a) of this procedure.

f) Translate each of the readings, on the stress-strain curve beyond the proportional limit on the as-
characterized curve, along the slope of the elastic modulus so that the stress at the API yield strain
is equal to the maximum yield strength (as defined in 12.2.4.1). The set of translated points will be
used to represent the post-proportional-limit stress-strain response of the maximum-yield curve.

g) The points preceding the proportional limit of the maximum-yield curve shall constitute the elastic

region of the curve and thus should follow the elastic modulus of the as-characterized curve as

calculated in Step a) of this procedure.

Figure 9 shows an example of the as-characterized, minimum-yield, and maximurhtyield [curves at
anjbient temperature.
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1 max. yield {655 MPa
2 as-characterized - 586 MPa
3 min, yield - 552 MPa
4 APlvield strain
a Ambient temperature of 20 °C.
_ as-characterized

minimum yield

maximum yield

Figure 9 — Example of ambient-temperature stress-strain curves

12.2.4.4 Minimum and maximum yield models at elevated temperatures

Elevated-temperature properties shall be based on the thermal degradation function and post-yield
stress progression derived from the as-characterized property set, and the specified yield strength at
the corresponding minimum or maximum yield limit for the candidate connection pipe material.
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For each elevated temperature, stress-strain curves for the minimum-yield and maximum-yield
descriptions shall be created using the following guidelines:

a) Determine the elastic modulus from the as-characterized elevated-temperature test data.
The minimum-yield and maximum-yield curves shall have the same elastic modulus as the as-
characterized curve at the specified elevated temperature.

b) From the as-characterized elevated-temperature material curve, determine the stress and strain at
which the response departs from the linear elastic response (proportional limit).

c¢) Reduce the provided set of data points beyond the proportional limit to an efficient size, while
ensurfing that the curve remains representative of the material behaviour in areas of the cufve
wher¢ the slope is changing considerably.

d) Evalupte the thermal degradation function at the specified temperature and apply, it to the

curvelalong the slope of the elastic modulus so that the stress at the API3/eld strain is equal to the
um yield strength of the elevated-temperature curve. The set.of translated points will|be
reprefentative of the post-proportional-limit stress-strain response of the minimum-yield curve at

f) The points preceding the proportional limit of the minimumxyield curve at the specified elevated
tempg¢rature shall constitute the elastic region of the curve, and thus should follow the elagtic
modullus of the as-characterized elevated-temperature curve as calculated in Step a) of this

g) Evalupte the thermal degradation function at:the specified temperature and apply it to the

h) Tranglate the points beyond the proportional limit on the as-characterized elevated- temperatiire
curvelalong the slope of the elastieimodulus so that the stress at the API yield strain is equal to the
maximum yield strength of the_élevated temperature curve. The set of translated points will|be
reprefentative of the post-proportional- limit stress-strain response of the maximum-yield cufve
at thelspecified elevatedtemperature.

i) The points preceding.\the proportional limit of the maximum-yield curve at the specified elevated
tempé¢rature shall_constitute the elastic region of the curve, and thus should follow the elagtic
modullus of the \@s-characterized elevated temperature curve as calculated in Step a) of this
proceldure.

Figure 10|shows an example of the as-characterized, minimum-yield, and maximum-yield curves gt a
selected elevated temperature of 240 °C.
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Figure)10 — Example of ASL-240 material properties

12.3 Specimen cenfiguration analysis

12

Ta
is

3.1 Taskdéscription

5k 2.2 Specimen Configuration Analysis is a parametric finite-element sensitivity study (FEA), which
onducted to:

SBAlact ararct cocn ool bl o f ooorantrics d oot
A%

fables—allowed by

Th

©lI
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manufacturing tolerances of the candidate connection;

select target torques from a specified range for make-up of the candidate connection specimens
designated for sealability tests;

determine equivalent low-stiffness and high-stiffness lengths for the candidate connection
(formulae to determine the low-stiffness and high-stiffness lengths are provided in Annex B).

e worst-case combinations of manufacturing variables are assumed as follows:

For galling resistance, the combinations that result in the highest peak contact stress between the
connection pin and box components, either in the threads or in the seal.
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— For sealability, the combination that results in the lowest contact stress intensity between the
connection pin and box components in the connection primary seal.

The peak contact stress in the threads is defined as the highest normal stress that acts on any contact
surface of the modelled pin or box threads (either complete or truncated threads). The peak contact
stress in the seal is defined as the highest normal stress that acts on the contact surface of the
connection primary seal.

The seal contact stress intensity is defined as the integral of the contact stress over the axial length
of the seal region. In an axisymmetric case, this corresponds to the total contact force per unit length
of the sealcircumference (1' e line ]nnr]) This measure allows 2 r‘nmparicnn that is indnpnndﬂnf from
the conta¢t band width and the seal diameter. Higher contact stress intensity is associated with betfer
sealing pdtential.

Task 2.2 Specimen Configuration Analysis consists of six subtasks:

— Task P.2.1 Nominal Reference - all-nominal case to obtain a baseline reference' response of the
candiflate connection (see 12.3.3);

— Task 2.2.2 Specimen Geometry - identification of worst-case geometry configurations with resppct
to galling resistance and sealability (see 12.3.4);

— Task 2.2.3 Seal Tapers - optional analysis to examine impacts of seal®apers (Clause D.2);

— Task 2.2.4 Material Properties - quantification of impacts of material property variations: pin yigld
strength analysis (see 12.3.6) and box yield strength analysis (€lause D.3);

— Task PR.2.5 Make-up Torques - selection of worst-case make-up torques for sealability tests ($ee
12.3.7);

—

)

— Task P.2.6 Test versus Production - optional analysis to assess potential variations in sealability
betwgen “best” test specimens and “worst” production specimens (Clause D.4).

Execution| of Tasks 2.2.1, 2.2.2 and 2.2.5 is mandatory. In Task 2.2.4, evaluation of pin yield strength is
mandatorly, and evaluation of box yield strength is optional. Tasks 2.2.3 and 2.2.6 are optional.

In some ealuation programs, interimyresults can allow reduction of the analysis scope; for example,
when the[same geometry configuration corresponds to worst-case scenarios under multiple loadjng
condition$ (see 12.3.4); or when/multiple make-ups do not produce incremental plastic deformatjon
(see 12.3.7).

Results of the above analysés fall into two categories: input for subsequent tasks and auxiliary
performance data.

The following clauses describe the required and recommended analysis scopes and procedures ffor
result intgrpretation.

12.3.2 Mlodelling and reporting requirements

The analyses to be performed in Task 2.2 require use of an axisymmetric finite-element model of the
candidate connection. All analysis cases in Task 2.2 shall be performed in accordance with applicable
provisions of the modelling guidelines provided in Annex A. In particular, the pin and box material
properties shall be modelled in accordance with A.2.3, and the loading sequence (simulation steps)
shall be executed in accordance with A.2.7.

It is recognized that the complexity of the FEA model development, combined with the diversity of
available modelling tools and choices, introduces a sensitivity of the FEA results with respect to the
modelling assumptions. In the event that execution of an evaluation program requires additional
modelling assumptions outside of the scope addressed in Annex A, those additional assumptions shall
be agreed on by the assigner, the supplier and the evaluator and documented in the evaluation report.
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Modelling results shall be reported according to general reporting requirements stipulated in 15.2 and
A.2.10, and specific per-task requirements indicated in the following subclauses.

12

.3.3 Nominal reference case

The nominal-reference analysis (Task 2.2.1) shall be conducted to establish a baseline structural
response of the candidate connection. Two primary objectives of this analysis are as follows:

C
ma3
sh

o

Pif
IS(

co
bo

No

OTy one analysis case is required in Task 2.2:1. The load path for that analysis case shall con

Determination of design-specific equivalent low-stiffness length and equivalent high-stiffness
length in a threaded pin-box interval of a made-up connection (A.2.9). These lengths shall be used

: . - . ; ) L
as input fortheformutae determmining straim compensations to be applied i the thermma

(14.4.5 and derivations in B.1);

Calculation of seal contact stress intensity for the candidate connection nominal configu
later study of its sensitivity to configuration variations.

hnection geometry for the nominal reference case shall be per the supplier’sitarget dime
nufacturing the candidate connection. In particular, nominal values fof-the following d
1l be used:

thread diameter;
thread taper;
seal diameter;
seal taper.

e diameter and wall thickness of the mother pipes shall correspond to nominal values sp
11960.

ind temperature. The load path is desceribed in A.2.7.

minal reference case analysis regdirements are listed in Table 8.

Table 8(— Nominal reference case - analysis requirements

cycle test

ration, for

nsions for
mensions

ecified by

sist of one

nection make-up and one thermal cyclé between the ASL's lower-bound temperature and upper-

Connection inodel attribute Requirement
Conpéction geometry Nominal thread and seal geometry
Pinymaterial data set As-characterized pin or as-characterized pin- box?
Box material data set As-characterized box or as-characterized pin-box?

Load path Make-up followed by one thermal cycle
Make-up torque Manufacturer specified optimum torque
Thermal cycle Based on ASL per Table 1 and Table 2
a  Referto12.2.1 for as-characterized property descriptions.

Results of primary interest that shall be retained for comparison with sensitivity analysis and
documented in the evaluation report are:

equivalent low-stiffness and high-stiffness lengths in the threaded pin-box interval (see formulae in

B.3);
thread contact stress distribution (including peak contact stress);
seal contact stress distribution (including peak contact stress);

seal contact stress intensity.
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The equivalent high-stiffness length shall be calculated by applying an incremental unload by applied
force or prescribed displacement at the lower-bound temperature condition as described in A.2.9.
Thread and seal peak contact stress shall be calculated and reported at full make-up. Seal contact
stress intensity shall be calculated and reported at full make-up, at maximum temperature during
the thermal cycle, and at the end of the thermal cycle, according to loading sequence and conditions

described

inA.2.7.

12.3.4 Worst-case geometry configurations

This clause describes the analysis (Task 2.2.2) that shall be conducted to identify worst-case geometry

configurafions of the candidate connection with respect to galling resistance and sealability (as defir
in 12.3.1) for subsequent use in specifications for the full-scale test specimens.

Table 9 su

the specithen geometry configurations.

mmarizes the worst-case tolerance combinations and corresponding codes used:to”sped

Table 9 — Worst-case geometry configurations and codes

ed

ify

pal,

Combination of tolerances Code
Worst-case for galling in seal WGS
Worst-case for galling in threads WGT
Worst-case for sealability in tension at low temperature WST
Worst-case for sealability in compression at high temperature WSC
The worst-case geometry configurations are defined in terms*of’pin-box diametric interference in s¢
pin-box diametric interference in threads, and pin-and-box thread tapers (refer to 6.4.3 for interference

and taper| definitions). Inclusion of seal tapers in the worst-case geometry configurations is optionhal
(see 12.3.5).
Table 10 summarizes the interference and thread taper tolerance combinations and corresponding
codes usgd to specify the geometry configurations for the test specimens. Each specified pin-hox
diametric|interference is either minimum ormaximum, and each thread taper is either slow or fast.
The minigfnum and maximum interference values refer, respectively, to the minimum and maximyim
diametric|interferences that result frem candidate connection manufacturing tolerances for pin gnd
box diamgters assuming nominal tapers (also see Figure 12).
Slow/fast[tapers refer to extreme taper combinations allowed by candidate connection manufacturjng
toleranceg for the pin and box-components, where “slow” corresponds to the minimum taper angle gnd
fast correpponds to the maximum taper angle (also see Figure 13).
Table,10 — Interference and taper tolerance combinations and codes
Pin-box diametric interference
Description Code
Minimum interference Min.
Maximum interference Max.
Thread tapers
Description Code

Slow pin/fast box PS/BF

Fast pin/slow box PF/BS
The analysis requirements for the worst-case geometry configurations are given in Table 11.
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Connection model attribute Requirement

Connection geometry Geometry tolerance combinations as per Table 12

Pin material data set As-characterized pin or as-characterized pin-box?2

Box material data set As-characterized box or as-characterized pin-box?

Load path Make-up followed by one thermal cycle for Cases 1 to 4

and make-up only for Cases 5 to 8 per Table 12

Make-up torque Manufacturer-specified optimum torque

Tal
frq
reg

In

conbinations of seal and thread interferences and thread tapers. If both pin and box mate

be
pir
or
mg

cohnection make-up to optimum torque and one thermal ¢ycle corresponding to the selecte

log
md

In

in

be
ag
ba
op
thg

In

sey
reg
(p
fon
int
suj
In

are
for

Thermal cycle Based on ASL per Table 1 and Table 2

a

Refer to 12.2.1 for as-characterized property descriptions.

m the set identified in Table 10 will result in the worst-case scenarios with’respect
istance and sealability, as identified in Table 9.

Step 1 of the procedure illustrated in Table 12, eight analysis casés shall be run for

bn characterized, then pin and box material constitutive relatiohs) shall use the as-cha

and box material property data sets, respectively (per 12.2).4f only one material (eith|
the box) has been characterized, then both pin and box shal use that as-characterize
terial property data set in the constitutive relation. The load)path for analysis cases 1 to 4

d sequence specified in Annex A). Load path for analysis cases 5 to 8 consists of only one c
ke up to optimum torque.

Step 2, the results of the analyses conducted in Step 1 are used to examine contact stress

the connection primary seal and thread argas. Galling susceptibility in the threads and
assessed based on peak contact stress in;respectively, the threads and seal area; unless

‘eed by the assigner, the supplier and(the evaluator. Assessment of sealability potentiz
bed on the seal contact stress intensity-upon make-up, under maximum compression at the
erating temperature (upper-bound-temperature), and under maximum tension at the ¢
rmal cycle (lower-bound temperature), as described in A.2.7.

Step 3, the contact stress\conditions determined in Step 2 are compared to determin
rerity rankings, and to identify which analysis cases resulted in the highest and lowest sey
pect to galling susceptibility and sealability. For cases where the calculated contact stress
pak or intensity) vary less than 5 % of the targeted highest or lowest measure (whichevsg
various interfefence and taper combinations, engineering judgement should be used to
erference andtaper combinations for the test specimens, by agreement between the ass
pplier and the-evaluator.

Step 4,the’interference and taper combinations corresponding to the analysis cases selecte
 assighed to geometry configurations WGS, WGT, WST, and WSC, which are subsequently
the test specimens (as listed in Table 9). The prescribed interference shall be either

ple 12 illustrates the procedure to determine which interference and taper tolefance combinations

to galling

different
rials have
racterized
er the pin
d pin-box
ronsists of
1 ASL (see
onnection

ronditions
seal shall
ptherwise
| shall be
maximum
nd of the

e relative
erity with
measures
br applies)
select the
igner, the

d in Step 3
rescribed
minimum

int

erference” or maximum Interierence . 1'he prescribed taper combination shall be either

“PF/BS”.
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Table 12 — Determination of worst-case geometry configurations

Contact stress condition
Tolerance combinations Peak Intensity Peak
(MPa) (N/mm) (MPa)
Case Load
Interference Taper path Seal Threads
Up- Low-
Seal Threads | Threads Make-up |per-bound | er-bound | Make-up
temp. temp.
Ytep 1 - Analysis Step 2 - Result summary@
1 i PS/BF -
in. ¢
< & 2 _ pF/Bs | Make- N~
QB Min. up + O
s 3 Max PS/BF 1 cycle N2
[&] . \../
S2 ¢ PF/BS %
53 5 Min PS/BF <&
°8 || 6 " | PE/BS N
< g 7 Max. PS/BF Make-up \\
Max. N
8 PF/BS 8
Ytep 4 - Configuration ¢ Step 3 - Severity ranking P
WGS Highest
WGT Highegt
WST Lowest
WSC Lowest
a Green fiplds are filled based on contact'stréss conditions at respective locations.
b Severity ranking based on results,summarized in Step 2.
¢ Seal and thread interferences (min. or max.) and thread tapers (slow or fast) selected as per severity ranking
obtained ih Step 3.
For some onnection designs, the severity ranking of seal contact stress intensity might be consistent
throughotit the thernial-cycle, i.e. the tolerance combination that results in the lowest contact strgss
intensity at the upper-bound temperature can be the same as the tolerance combination that result§ in
the lowest contaetsstress intensity at the lower-bound temperature. If that is the case, then the abgve
single tolgrance’combination shall be selected for both WST and WSC configurations, and the analyfsis
prescribedl dh,the following clauses shall be executed only for that single tolerance combination. If the
intensity ramking s differentatthe fowand-hightemperatures; themrthe WSTamd- WS€configurations

shall have different tolerance combinations.

12.3.5 Seal taper analysis

Execution of seal taper analysis (Task 2.2.3) is optional at the assigner’s discretion. The decision to
conduct or not to conduct the seal taper analysis shall be documented in the evaluation report.

Rationale and recommended procedures for the seal taper analysis are provided in Clause D.2.
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12.3.6 Impacts of material property variations

12.3.6.1 Task scope

:2022(E)

This clause describes an analysis (Task 2.2.4) to quantify potential impacts of material property
variations on the candidate connection sealability, and to select the range of material properties
allowable for the full-scale test specimens. In general, if the analysis results show that material property
variations can have a significant impact on seal contact stress, then the range of material properties
allowed for the test samples is biased to those properties that lead to worst-case combinations of the
material variables. If no significant impact of the material variables is identified, the samples can be

procured from any production-series pipe that has properties within the range allowed by,p

sp
Ta

Gujidance for selecting material properties for further analyses is provided in 12.3.6.2. If Tas}

pe

yigld strength analyses and subsequent analyses.

Tal
mdterial properties in the constitutive models. The minimum and maximum yield streng

de

for] the candidate connection pin or box material.

12/3.6.2 Pinyield strength analysis

Anjlysis of impacts of pinh‘yield strength variation (Task 2.2.4.1) is mandatory. This analys
conducted in accordance with analysis requirements summarized in Table 14 and accord

an

bcifications for the candidate connection.

yield strength of the pin material - mandatory Task 2.2.4.1, see 12.3.6.2;

yield strength of the box material - optional Task 2.2.4.2, see Clause 3,

-formed, follow the guidance in Clause D.3 for selecting the box material properties for bo

ble 13 summarizes the yield strength variations and eonresponding codes used to sj

hote, respectively, the minimum and maximum yield strength allowed by production spe

Table 13 — Yield strength variations and codes

Yield strength
Description Code
Minimum strength Min.
Maximum strength Max.

hlysis procedure given in Table 15.

bk 2.2.4 contains two subtasks for determining impacts of the following material propertigs:

roduction

[72)

£ 2.2.4.2 is
K material

becify the
rth values
rifications

s shall be
ing to the

Table 14 — Pin yield strength analysis requirements

Connection model attribute Requirement
Connection geometry Worst-case geometries WST and WSC
Pin material data set Minimum-yleld and maximum-yield pin
Box material data set As-characterized box or as-characterized pin-box 2
Load path Make-up followed by one thermal cycle
Make-up torque Manufacturer-specified optimum torque
Thermal cycle Temperature limits and pressure based on ASL per
Table 1 and Table 2
a  Referto 12.2.1 for as-characterized property descriptions.

Table 15 illustrates the procedure to determine whether variation of the pin yield strength within the
candidate connection production range can be expected to have a significant impact on the seal contact
stress.

©lI
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In Step 1, four analysis cases shall be run for different combinations of connection geometry
configuration and pin yield strength; except if WST and WSC configurations are the same, then only
two analysis cases shall be run.

In Step 2, the results of the analyses conducted in Step 1 are used to assess contact stress conditions
in the connection primary seal. Seal contact stress intensity shall be used to assess the connection
sealability potential upon make-up and at various stages of the thermal cycle. For each analysis case, the
stress intensity shall be calculated at the upper-bound temperature and the lower-bound temperature,

as describ

In Step 3

edin A.2.7.

auverage intensitv and intensitv variance are calculated senarately for each connect
O v v r J

geometry
lower-bou

the four variances calculated is taken as the maximum intensity variance that can be expected dus

pin yield 3
In Step 4,

in order tpo determine the significance of the pin yield strength variation and toZdecide whether
selection ¢f tubulars for the pipe body components of the test specimens needs to'be restricted:

— If the
is not
prody

— If the

configuration (i.e. separately for WST and WSC) at the upper-bound temperature and
nd temperature at cycle end, according to the formulae indicated in Table 15. The largest

trength variation.

maximum intensity variance is less than or equal to 15 %, then selection of the pin mate
restricted. The pin components can be made from any pipe thathas yield strength within
ction specifications.

maximum intensity variance is between 15 % and 30 %), then selection of the pin matet

on
he
of
to

the maximum intensity variance calculated in Step 3 is compared against & set of criteria

he

ial
he

ial

shall pe restricted to half of the range allowed for the yieldstrength by production specificatiopns.

The ty
to sp§
minin
a yiel
if the
const
of the|

— If the
mate
speci
Step 3
corre
samp
prody
yield
stren

vo contact stress intensities that gave the maximum’intensity variance in Step 3 shall be us
cify the restricted production range. If the lower-¢éntact stress intensity corresponds to
hum yield strength assumed in the constitutiveimodel, then the test sample material shall h3
H strength within the lower half of the ambient-temperature production range. Convers
lower contact stress intensity corresponds to the maximum yield strength assumed in
tutive model, then the test sample matérial shall have a yield strength within the upper h
ambient-temperature production range.

ial shall be restricted to onexthird of the range allowed for the yield strength by product
ications. The two contagt stress intensities that gave the maximum intensity variance
shall be used to specify the restricted production range. If the lower contact stress inteng
tponds to the minimum yield strength assumed in the constitutive model, then the t

ction range. Conversely, if the lower contact stress intensity corresponds to the maxim
strength assumed in the constitutive model, then the test sample material shall have a yi
bth within the highest one-third of the ambient-temperature production range.
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ed
he
Ve
bly,
he
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maximum intensity variance is’equal to or larger than 30 %, then selection of the pin

on

in
ity
est

e material shall havea yield strength within the lowest one-third of the ambient-temperatiyire

i m
eld
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Table 15 — Determination of allowable yield strength range for pin components

Tolerances Load Seal contact stress intensity (N/mm)
oa
Case Geometry Pin yield path ASL upper-bound tem- | ASL lower-bound tem-
strength perature perature
Step 1 - Analysis Step 2 - Result summary 2
1 Min.
2 wsT Max. Make-
3 WSC Min. 1 cglcle (\V
4 Max. Ql
Step 3 - Severity ranking P
Average = (Higher + Lower)/2 Average Average Average Average
Variance = . . . .
(Higher - Lower)/Average (%) Variance Variance Variance Variance
Maximum intensity variance

Step 4 - Selection of material property range
Maximum intensity Allowable pin ¥ield strength range
variance
o .
% of gzﬁd:ctlon Selection
% g
Variance < 15 100 Unrestricted
15 < Variance < 30 50 Restricted to subrange
30 < Variance 33 with lowest intensity

2 (reen fields are filled bdsed on contact stress intensity at respective locations.

b Beverity ranking based on results summarized in Step 2.

The following pin-yield strength shall be assumed for subsequent analyses in Task 2.2.4.2 (see D.3) and
Tagk 2.2.5 (12.320)

— | Ifselection of the pin material for the test samples is unrestricted based on the results of tHe analysis
conducted in this Task 2.2.4.1, the constitutive model for the pin material shall be based|on the as-
characterized properties of the production pipe sample determined per 12.2;

— Ifselection of the pin material for the test samples is restricted based on the results of the analysis
conducted in this Task 2.2.4.1, the constitutive model for the pin material shall be assumed as
follows:

— the median-yield strength, corresponding to the median value of the restricted range;
— the post-yield characteristic assumed as per 12.2.

The median-yield pin material property data set is generated following the same procedure as for
producing the minimum- and maximum-yield material property data sets described in 12.2.4.3 and
12.2.4.4.
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12.3.6.3 Boxyield strength analysis

Determination of potential impacts of box yield strength variation (Task 2.2.4.2) is optional at the
assigner’s discretion, and only needs to be considered for threaded-and-coupled connections where the
box (coupling) material is normally manufactured separately from the pin (pipe) material. The decision
to conduct or not to conduct the box yield strength analysis shall be documented in the evaluation

report. Rationale and procedures for the box yield strength analysis are provided in Clause D.3.

If Task 2.2.4.2 is not conducted, the constitutive model for the box material shall be the as-characterized
box material property data set 1fthe box materlal was spec1f1cally evaluated; or the box material model

shall be the-a ial
was evalugpted (per 12 2)
12.3.7 Mlake-up torque for sealability tests
This clauge describes the analysis that shall be conducted to select target torques fortinal make{up
of the carjdidate connection specimens designated for sealability tests (Task 2.2.5):\The objective of
this analyfsis is to select those torques from the range allowed by the supplier that will result in the
lowest comtact stress intensity in the seal area - so that the sealability tests are'based on conservatjve
scenarios|with respect to connection make-up. While in some cases the lowest torque might seem| to
be a reas;tnable and conservative target, counterintuitive results were gbtdined in some connectjon
evaluation programs for thermal well applications - which prompted infroduction of this analysiq in
the originpl TWCCEP scope and in this document.
Table 16 pummarizes the make-up torque variations and corresponding codes used to specify the
torque selections. The minimum and maximum torque values:denote, respectively, the minimum gnd
maximum torque allowed by the supplier’s make-up procedure for the candidate connection.
Table 16 — Torque variations and codes
Make-up terque target
Description Code
Minimum torque Min.
Maximum, torque Max.
Table 17 apd Table 18, respectively, illustrate the analysis requirements and the procedure to determjne
the final hake-up torque that shall’be used for assembly of specimens for sealability tests. The scape
of the analysis assumes that ‘specimens with all geometry configurations listed in Table 9 can|be
subjected|to sealability tests, even though sealability tests of some of those configurations are optional.
The ratiopale for such cheice is to gain understanding of connection performance at a relatively lpw
incremental cost of théassociated analyses.
Table 17 —Analysis requirements for evaluation of make-up torque for sealability tests
Conngction model attribute Requirement
Conmection geometry Wworst-case geometries WS I, WL, WGS and WGl
Pin material data set Median-yield pin
Box material data set Median-yield box @ or as-characterized box or pin-box b
Load path One or two make-ups followed by one thermal cycle
Make-up torque Manufacturer specified minimum and maximum torques as specified in
Table 18
Thermal cycle Based on ASL per Table 1 and Table 2
a2 Median-yield box material data set is used if box yield strength analysis is completed.
b Ifbox yield strength analysis is not completed, then in the order of priority: either use as-characterized box material
data set or pin-box material data set.
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In Step 1 of the procedure illustrated in Table 18, several analysis cases shall be run for different
combinations of connection geometry configurations. The default number of cases is 12, but that
number may be reduced by agreement between the assigner, the supplier and the evaluator, if it is
demonstrated that no incremental plasticity occurs in the connection seal upon break-out and/or
second make-up to the same torque, in which case the reduction of the analysis scope might apply to
cases 2, 4, 6, and 10. If geometry configurations WSC and WST are the same, the number of cases shall

be

reduced correspondingly.

The constitutive model for the pin and box materials shall use median yield strengths of the required
test-specimen pin and box yield strength ranges calculated in Task 2.2.4.1 (see 12.3.6.2) and optional

2.9 4.0
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tseethause B3 Themediaryteldconstitutive modettscatcutatedfottowig the

scribed in 12.2.4.3 and 12.2.4.4 by substituting the median yield strength for one of the mi
ximum yield strength. If optional Task 2.2.4.2 is not completed, the constitutive madel f
terial shall use the as-characterized box material property data set (per 12.2) if coupling
racterized and the as-characterized pin-box material property data set if it was'not.

1
PN 4L.4.7. 4

e load path for analysis cases 7,8, 11 and 12 consists of a single make-up to d'case-specific
e thermal cycle corresponding to the selected ASL. The load path for allL.dther analysis case
w0 consecutive make-ups to case-specific torques separated by a zero-lead (zero-interfer|
ulating a break-out, and one thermal cycle corresponding to the selected ASL.

Step 2, the results of the analyses conducted in Step 1 are used to-illustrate contact stress
the connection primary seal. Selection of conditions for inplt of the seal contact stress ix
ble 18 shall be based on the contact stress intensity at thie maximum internal pressure;
per-bound temperature for WSC geometry, and at the lewer-bound temperature at cycle en
metry.

Step 3, the contact stress intensities determined(n Step 2 are compared to determine the
ulted in the lowest intensity within each paig of analysis cases conducted on the same

configuration and make-up sequence.
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Step 4, the final make-up torques associated with the cases determined in Step 3 are s
gets TF(XXX) for the final make-upsiefthe specimens for the sealability tests, where TF(XX
1 be either “minimum torque” or*“nraximum torque” allowed by the supplier’s make-up
" the WST and WSC geometry configurations, the target torques are either TF(XXX-S) or T
ich respectively correspond'to the target torques for either single make-up specimens o
ke-up specimens.

procedure
nimum or
br the box
stock was

orque and
s consists
ence) step
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tensity in
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d for WST

case that
geometry
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X) targets
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r multiple
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Table 18 — Determination of torque for make-up of sealability test specimens

Step 2 - Re- Step 3 - Step 4 -
Step 1 - Analysis sult summa- | Severity rank- | Final torque
rya ing selection P
Torque target Seal contact . i
Geometry . . | Lowest intensity .
Case : Load path 1st 2nd stress intensi- ; : Min. or Max.
config. in each pair
make-up | make-up | ty (N/mm)
1 - Max. Min.
WGS 2 make-ups + Lowest from TF(WGS)
2 1 cycle Max Max cases 1and 2
3 - Max. Min.
WGT 2 make-ups + Lowest from TR(WGT)
4 1 cycle Max. Max. cases 3 and 4
5 - Max. Min.
2 make-ups + Lowest from PFCWST-M)
6 1 cycle Max. Max. cases5and 6
7 WST Mi
- in.
1 make-up +1 Lowest from TF(WST-S)
8 cycle Max. cases 7 and 8
9 - Max. Min.
2 make-ups + Lowest.from TF(WSC-M)
10 1 cycle Max. Max. casées 9and 10
11 wse Mi
- in.
1 make-up + 1 Lowest from TF(WSC-S)
12 cycle Max. _{|)cases 11 and 12
a  Green fields are filled based on the contact stress intensity at the maximuniinternal pressure, and at the upper-boynd
temperatuife for WSC geometry, and at the lower-bound temperature at cyclée\end for WST geometry.
b “M" dgnotes multiple make-ups; "-S” denotes single make-up.

12.3.8 Test versus production specimens

Execution| of the test-versus-production analysisc{Task 2.2.6) is optional at the assigner’s discretipn.
The decislon to conduct or not to conduct this-analysis shall be documented in the evaluation report

Rationale| and recommended procedure§ for the test-versus-production analysis are provided|in
Clause D.4.

13 Spedimen procurement

13.1 Task overview

This clauge describes‘the third block of the evaluation procedure (see Figure 6), which deals wjith
procuremient and preparation of connection samples (specimens) for full-scale testing. The taskg in
this progifam blegek Cover procurement of specimen component pipes and verification of their material
properties, speeifications for specimen machining, specimen quality control and geometry verificatjon
(gauging)| procurement of connection interfacial component(s), specimen handling and storage, gnd
treatmentof damaged Specimens.

This program block contains three tasks: Task 3.1 Specimen Pipe Procurement (in 13.2), Task 3.2
Material Property Verification (in 13.3), and Task 3.3 Specimen Machining and Gauging (in 13.4).
Details of those three tasks are described in the following clauses. All tasks in this block are mandatory.

Six candidate connection specimens shall be machined for full-scale testing. These specimens are
numbered Specimen 1 to Specimen 6. Specimen numbering convention is associated with the specimen
configuration and tolerances, which are explained in Table 19 and 13.4.4.

For threaded-and-coupled connections, one additional pin end with seal removed shall be provided to
support open ends of couplings during make-up and break-out. This pin is referred to as the make-up
support pin.
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Itis recommended that one or more replacement specimens (spares) be machined for each test specimen
configuration at the time when the test specimens are manufactured, and in accordance with the same
procurement and machining guidelines as for the primary test specimens. It is acknowledged that the
process of substituting spares for damaged or unusable specimens can become complex when a part
being replaced, such as a coupling, affects more than one connection; or when a part being replaced,
such as a pin-by-pin intermediate pup, affects more than one specimen (see 13.8.2).

Specifications for the test specimens, replacement spares, and make-up support pin are provided in the

fol

lowing clauses.

13.2 Specimen pipe procurement

Tagk 3.1 Specimen Pipe Procurement is executed to obtain mother tubes for manufa
connection samples for full-scale testing (test specimens).
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conform to the requirements included in Clause D.3 and Table D.1, When the optional Task 2
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Apl;licable mill certificates in accordance with ISO 11960 shall be provided for all pipe an

components for the test specimens shall be machined from pipes with yieldrstrengths tha
the requirements included in 12.3.6.2 and Table 15.

threaded-and-coupled connections, if the optional Task 2.2.4.2 Box Yield'Strength has been
k components for the test specimens shall be machined from coupling stock with yield stre

1d Strength has not been executed, box components shall be machined from pipes with |
thin the range allowed by the candidate connection productien specifications, and the couy
1d be selected to have properties as close as practical teyaverage production values.

rturing of

t conform

executed,
hgths that
.2.4.2 Box
broperties
ling stock

ck procured for candidate connection specimens. Eopies of those certificates shall be incl
hluation report.

.3 Material property verification

3.1 Task description

5k 3.2 Material Property Verification is a mandatory task. Completion of this task may be ac

ecimens. The scope of thisitask includes verification tests of tensile properties and thermal
fficient of the mother pipe and coupling stock intended for manufacturing the candidate ¢
bcimens.

e tensile verification tests (see 13.3.2 and 13.3.3) are performed to confirm that thg
pperties of thé\tubes procured in Task 3.1 (see 13.2) conform to specifications for the b
bulation determined in Task 2.2.4 (see 12.3.6).

e verification test of the thermal expansion coefficient (see 13.3.4) is performed to
ayerdage expansion coefficient (a,), which is needed in the thermal cycle test for calg

coupling
ded in the

hieved by
onnection
PXpansion
onnection

material
iased test

Hetermine
ulation of

chanical strain compensations (see 14.4.5) and can also be used for calibration of the e

ongation-

st

13

I MEasuring SYStenT (Se€ 1446 ).

.3.2 Specimens for tensile verification tests

The material-property verification tests shall be performed on axially-oriented material strip specimens
cut from material coupons - i.e. from full-circumference short lengths of pipe - extracted from mother
pipe and coupling stock used for manufacturing the candidate connection specimens. The specimen
manufacture could be undertaken prior to conducting the material property verification tests, but the
use of connection test specimens with material mechanical properties shown not to conform to the
requirements specified in 12.3.6 constitutes a program non-conformance (see 8.2).

One material coupon (full-circumference tubular sample) shall be obtained from each length of

mother tubes used to manufacture the full-scale test specimen pups and couplings. The coupon may
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be extracted from any axial location within the mother joint, but if substantial axial variability in
mechanical properties is anticipated, extraction of more coupons is recommended. The axial position
of the coupon relative to the connection test specimens shall be recorded. Coupon length should be
adequate to enable machining of strip specimens and samples for any other material evaluations that
might be warranted. If ERW pipe is used, the weld location should be identified and clearly marked,
and the circumferential location of any strip specimens identified with respect to the weld centreline.
Retention of the remaining material from the coupon is recommended, in the event that any further
characterization of mechanical properties, microstructure, or chemistry of the test material is later
required.

At least memmmm:en
from a mgther pipe used in the manufacture of any primary or spare pup or coupling, for use in the tegts

described|in 13.3.3. Machining of additional strip specimens is recommended for backup purpgses.

The matefial strip specimens should utilize a full-thickness rectangular cross-section or-equivalent
cylindricdl or semi-cylindrical cross-section. All strip specimens should be of a similar,geometry.

The matqrial strip specimens should be extracted from within a single quadrant of the pjpe
circumferience, and preferably from immediately adjacent circumferential positions. Material specimgns
manufactyired from ERW pipe should be extracted at least 90° from the weéld centreline. For small-
diameter pipes for which the above-recommended specimen spacing is not possible, the circumferential
distance hetween the specimen locations and the weld centreline should be maximized.

Relative dircumferential locations of the extracted material strip spécimens shall be recorded as the
specimen$ are removed from the pipe coupon.

13.3.3 Sqope of tensile verification tests

The following tensile verification tests shall be condueted on the material strip specimens cut frpm
each matdrial coupon:

— A mijimum of three tensile tests for each*Coeupon from each mother pipe used to manufactiire
specimens for full-scale tests at elevated temperatures:

— ohe test at ambient conditions;
— ope testat 180 °C;
— ohe test at the upper-beund temperature of the selected ASL.

— A minimum of one tengsile-test at ambient conditions for each coupon from each mother pipe used to
manulffacture specimens for full-scale tests at ambient temperatures.

The abovg tests shall’be conducted using testing procedures that meet applicable provisions in ASTM
specificatjons A370,E8 and E21. Utilization of the same procedure as previously used to complete Task
2.1 Initial|Material Property Characterization is suggested to facilitate comparison of results.

The yield|stfength (per ISO 11960) and the stress-strain curves shall be recorded in the evaluatjon
report for each tensile verification test performed.

The yield strength measured in each ambient-temperature verification test shall be compared to the
allowable range determined in Task 2.2 Specimen Configuration Analysis. The material yield strength
shall be within the range determined in Task 2.2 in order for a connection made from that material to
be used in the full-scale test.

The yield strengths measured in the elevated-temperature verification tests shall be compared to the
elevated-temperature test results acquired in Task 2.1, and that comparison shall be recorded in the
evaluation report. It is recommended that the normalized yield strength be calculated for each material
sample and each elevated temperature (using the formula introduced in 12.2.4.2), and that differences
between the observed thermal degradation functions and those previously used for the specimen
configuration analysis (Task 2.2) be recorded.
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Inclusion of the obtained stress-strain data in the evaluation report is mandatory in order to:

13

preserve a detailed record of the relevant mechanical properties together with the c
sealability and structural integrity testing results;

enable subsequent users of the evaluation results to gain or maintain confidence in the ap
of the test results;

facilitate future product line evaluation activities.

34 Coefficientofthermal nvpancinn verification test
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Fification of coefficient of thermal expansion (CTE) of the pin material is mandatory-Veri
E of the box material is recommended if its value adopted for Task 2.1 (see 12.2.2.3) was bz
umption or when CTEs for pin and box samples tested in Task 2.1 (see 12.2.2.3)\Wére sul
ferent (i.e. differed by more than 15 % of their average value).

- each material (i.e. pin and/or box), samples for the verification CTE testing shall be extrd
e of the mother pipes used to make the candidate connection specimens.unless agreed oth
assigner and the evaluator and the supplier.

each verification test, CTE data shall be obtained, and the average thermal expansion coe
11l be determined over the range of test temperatures correspending to the selected ASL
bwances described below.

e method for determination of the a, may be either as.srecommended below or as otherw
the assigner and the supplier.

E testing should be conducted according to the requirements of ASTM E831-06, and shoul
expansion response in the axial direction of the pipe. In general, the CTE can be expected t
th temperature. CTE tests should provide ¢ontinuous experimental data indicating the

ough at least one complete thermal.gycle (including ramp-up and ramp-down). That data
l upper-bound temperature for the'selected ASL:

AE
-

 expansion coeffident should be expressed in units of °CL.

htinuous therfmal” expansion testing results (elongation/strain versus temperature)

thermaleycle test, as discussed in 14.4.

" practical reasons, a laboratory test of the thermal expansion coefficient may be conduc
hperature range from the low cycle temperature to the high cycle temperature (see 14.4.4

fication of
1sed on an
stantially

cted from
erwise by

fficient a,
, with the

se agreed

1 quantify
D increase
measured

inge in sample geometry (and the assoeiated thermal strain, Ag,,..,,) as a function of teperature

should be

pd to calculate the average coefficienvof thermal expansion a, between the lower-bound temperature

(2)

thould be

ained, because-they can aid confirmation of the accuracy of the strain measurement system used for

ted in the
) selected

average thermal expansion coefficient for the range from the lower-bound temperature to the
low cycle temperature (i.e. from T}, to T}.) may be assumed to be equal to the average coefficient
obtained in the CTE test between T).and 40 °C;

average thermal expansion coefficient for the range from lower-bound temperature to the upper-
bound temperature (i.e. from T, to T,;) may be assumed to be equal to the average coefficient
obtained in the CTE test between T).and T},.

S0 2022 - All rights reserved 59


https://standardsiso.com/api/?name=75a63989b131dacf506e0534774d11a1

ISO/TS 12835:2022(E)

13.4 Test specimen machining and gauging

13.4.1 General requirements

In Task 3.3 Test Specimen Machining and Gauging, the candidate connection specimens for full-scale
physical testing are manufactured according to specifications determined for the biased test population
(see 12.3).

For threaded-and-coupled connections, all couplings shall be machined at both ends, including those
intended for the galling resistance test.

Only meclllanical cutting is allowed. Torch cutting or abrasive cutting shall not be used.

13.4.2 Specimen naming convention

The six candidate connection specimens that are required for full-scale testing shall“be numbered
as Specimen 1, 2, 3, 4, 5 and 6 (refer to Table 19 for correlations between specimen humbers and the
required geometrical configurations).

The replagement specimens for any of the above specimens shall be numbered'by the original specinjen
number fqllowed by a period and the replacement number - for example, Specimen 1.1 denotes the first
replacemgnt specimen for Specimen 1, and Specimen 1.2 denotes the second replacement specimen [for
Specimen]|1, etc.

The pin gnd box components of each specimen shall be identified by the corresponding specinjen
number (gither original or replacement); and for threaded-and-goupled connections, each pin and fox
componerjt shall also be identified by a letter uniquely corresponding to each connection within a given
specimen)according to the following convention.

For integral connections (IC):
— each lbox component shall be identified by its'specimen number;

— each ¢nd of each pin component shall beidentified by its specimen number.

For threadled-and-coupled (TC) connections:

— each lbox component shall be jdentified by its specimen number and a letter A or B, with each letfter
correfponding to one side of the coupling;

— each ¢nd of each pin component shall be identified by its specimen number and a letter A or B, wjith
each letter corresponding to the matching box component.

For both IC and TC connections:

— pin/bjox coniponents shared by multiple specimens (e.g. for string assemblies) shall be identified|by

the nimber¢letter combinations for each end, separated by "-";

— unthreadedendsshattbetdentified as blamk:
Naming examples for integral connections:
— Pin 2-blank - designates pin component for Specimen 2.

— Pin 3-Box 4 - designates pin-box component for a string assembly, with the pin end belonging to
Specimen 3 and the box end belonging to Specimen 4.

Naming examples for TC connections:

— Pin 2A-blank - designates pin component for Specimen 2 side A.
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— Pin 3B-4A - designates pin component for a string assembly, with one end belonging to Specimen 3
side B, and the other end belonging to Specimen 4 side A.

— Box 5A - designates side A of Specimen 5.

13.4.3 Specimen length and length-reference requirements

A minimum length for each specimen pin component (casing pup) to be used in the combined-load full-
scale tests is specified for two reasons:

the field during thermo-mechanical cycling to be reasonably simulated in théxest configyiration.

The pup length requirements are specified in terms of the minimum unsupported pup lgngth. The
ungupported pup length L, is defined as the pup length that remains outside of the end fixture and/
or [coupling(s) after the pup is made up at both ends. The definition of the unsupported pu)l length is
illystrated in Figure 11. The same concept applies to both TC and IC cefinections (see 5.1).

NP

NP

_________

L,/2

Key
end fixture

TC specimeh
3 | IC specimen

Figure 11 — Definition of unsupported pup length

The following requirements shall apply to each casing pup that belongs to each connection specimen:

— unsupported pup length L shall not be less than the maximum of the following:

— 2X|:D+6\/E:| (twice as long as the minimum length per ISO 13679);
— 600 mm (24 in).

— additional length for gripping and/or end fixtures shall be provided.

The following requirement shall apply to the make-up support pin:

— unsupported length should be no less than 300 mm (12 in).
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13.4.4 Geometrical configurations

Table 19 describes correlations between the specimen numbers and the required geometrical
configurations for six candidate connection specimens that are subjected to full-scale testing. Geometry
configuration codes WGS, WGT, WST, and WSC denote worst-case combinations of design variables
selected for the biased test population, as described in 12.3.4 and 12.3.6. If configuration WST is the
same as configuration WSC then specifications for Specimen 3 and Specimen 4 are the same as for
Specimen 5 and Specimen 6.

The make-up support pin shall have fast thread taper.

Machining tolerances for interferences and tapers corresponding to various geometry configuratigns
are provided in 13.4.6.

Table 19 — Geometrical configurations for test specimens and replacement specimens

Tes{ specimen Replacement specimens Geometry code Worst:case condition
target

1 1.1,1.2... WGS Galling in seal
2 2.1,2.2... WGT Galling in threads
3 3.1,3.2.. WST Sealability in tension at Iqw
4 41,4.2.. WST temperature
5 5.1,5.2... WSG Sealability in compressidn
6 6.1,6.2... WSE at high temperature

13.4.5 Mlother pipe for specimens
The following principles shall be observed for specimen source pipe:

— All pipe segments for Specimen 3, Specimen,4,Specimen 5, and Specimen 6 shall be from the same
heat gnd lot of steel, as shall all spares forthese segments;

— Whenever possible, pipe segments for'Specimens 3, 4, 5, and 6 should be made from a single mother
joint;

— If Specimens 3, 4, 5 and 6 are indeed manufactured from a single mother joint as recommended
abovg, then the material properties of that mother joint shall conform to specifications for the
biase(l test population as'determined in 12.3.6;

— If Specimens 3, 4, 5¢cand 6 are not all manufactured from a single mother joint, then the mateiyial
propqgrties of every-mother joint used for those specimens shall conform to specifications for the
biasedl test population as determined in 12.3.6, and the mother joints should be selected to hgve
their material\properties as similar as possible;

— Replafemerit pipe segments for Spec1mens 3,4,5and 6 should be made from another single mother
joint, B
the ]omt(s) from which the orlgmal spec1mens were made

Uniformity of applied stresses is desirable for all pipe segments subjected to thermal cycle testing.
When the segments are connected in series, their products of yield strengths and average wall
thicknesses should be equal, to the extent practical. Pipe wall thicknesses of Specimens 3, 4, 5 and 6,
and of spare pipe segments that might replace those originally intended for thermal cycle testing, shall
be measured and traceably recorded. Thickness measurements shall be made at 90° circumferential
intervals, at axial locations adjacent to each relevant pin thread and, for integral connections, adjacent
to the external upset. Accuracy of the measurement method shall be £0,025 mm (£0.001 in) or better.
The products of yield strength and average thickness shall be considered, in addition to connection
dimensions, whenever pipe segments assembled for a thermal cycle test are not manufactured from a
single mother joint.
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13.4.6 Specimen machining tolerances

Candidate connection specimens shall be manufactured to achieve interference-taper combinations as
defined in 6.4.3, specified in 12.3.4, and referenced in Table 19. Upon completion of Task 2.2 Specimen
Configuration Analysis, the targets for the diametric interferences in the seal and thread areas
are specified as either minimum or maximum, and the targets for the pin and box thread tapers are
specified as either slow or fast. This clause provides machining specifications and tolerance ranges
for the actual interferences and tapers of the test specimens, within which the test specimens shall
be considered conformant with the above requirements for the minimum/maximum interference and
fast/slow taper.

Di]nensions not specified by this document requirements shall be within tolerances on manlllfacturing
drawings.

Cahdidate connection specimens shall be machined so that all the following conditiofis are sqtisfied for
eath pin-box assembly:

a) | for each interference location (thread or seal), at least one of the diameters of individual members
(pin or box) shall be within the sub-range of its design tolerances @s, specified by Table 20. The
other diameter may be outside of its design tolerance as long as thg'interference at that location
conforms to the condition b) below;

b) | for each interference location (thread or seal), the interference-based on the as-machined diameters
in the assembled condition consistent with nominal make-up position, shall be within|[the range
specified in Table 21;

c) | each thread taper shall be within the range specified’in Table 22;
d)| each seal taper shall be within its production tolerance range.

Additionally, if bored pin tips will have diameters smaller than the pipe’s internal diameter, the boring
of pll pin tips that might be used in a thermal cycle test shall be extended so the casing seginents will
nowhere have internal diameters smaller‘than the specified tip-bore diameters.

Table 20 — Allowable diameter range within design tolerance

Target interference Allowable component diameter range
Pin2 Box 2
Maximum Upper half of pin tolerance band Lower half of box tolerahce band
Minimum Lower half of pin tolerance band Upper half of box tolerapce band

a | Atleast one comipofient, i.e. either pin or box, is within the allowable diameter range for each target interf¢rence case.
Thie same principle‘applies to seal and thread interferences.

Table 21 defines and Figure 12 illustrates the interference ranges allowed for candidate connection
specimensin terms of minimum interference and maximum interference that result from the|candidate
copnéction production specifications for component diameters (nominal dimensions and tglerances).
Thefallowing symhals are used in Table 21 and in Figure 12:

Ihax maximum design interference in reference thread location or reference seal location, resulting
from pin and box diameter specifications;

Lin minimum design interference in reference thread location or reference seal location, resulting
from pin and box diameter specifications;

Liange range of design interference in reference thread location or reference seal location, equal to
I . minus [0

L interference range threshold of 0,04 mm (0.001 6 in)
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Irtl

interference range threshold of 0,01 mm (0.000 4 in)

By agreement between the assigner and the supplier, other tolerances may be considered when defining
tolerance and interference ranges (for example, tolerances on thread height or torque shoulder depth).
Any such additional considerations shall be documented in the evaluation report.

Table 21 — Interference ranges for test specimens

Target interference

Allowable specimen interference range 2

From To
Maximum Imax - max[lrtél- '20%.1range ] Imax + maXI:Irtl '5% ’ Irange :I
Minimum Inin — max[lrtl '5%'1range :| Igin + max[lrtél- '20%'Irange ]
a2  The same principle applies to seal and thread interferences.

1 2
O
| | -
5 0 20 80 100 105 X1
| l >
0 Imin a Imax Xz
Key
X1 interfdrence range, %
X2 interfdrence, mm (or in)
minimum interference range
maxinjum interference range
a  designinterference values
Figure 12 — Illustration pf\allowable interference ranges for specimen components
Table 22 |defines the threadJtaper ranges allowed for candidate connection specimens in terms
of minimpm and maximum thread tapers that result from the candidate connection productjon
specificatjons.

Table 22 — Thread taper ranges for test specimens

Taper Tesignation

Allowable thread taper ranges 2

Erom

To

T T OTr

0O

Slow No lower limit Slow taper limit during production plus
0,025 mm/25,4 mm
(0.001in/1in)
Fast Fast taper limit during production minus No upper limit
0,025 mm/25,4 mm
(0.001 in/1 in)

a  Taper tolerances apply to every incremental measurement of taper along a thread.

Figure 13 illustrates the adopted taper naming convention and the allowable taper ranges for test
specimen components described in Table 22.
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B 1
a) Taper naming convention
2 3
—— | I i
1/1 000 1/1 000
4

b) Allowable taper ranges

Key
component centreline

allowable slow taper range for testing
allowable fast taper range for testing
allowable taper range for production
fast taper

nominal taper

O T 9 b W N -

slow taper

Figure 13 — Illustration of allowable thread taper ranges for test specimens

13.5 Markings
All couplings, pipe segments and material samples shall be clearly marked with metal stampg.

Mdrkings shall identify eachpin and box component of each pipe and coupling according to the specimen
naming convention described in 13.4.2.

Copplings shall be marked at each end. Redundant markings are encouraged. Preferred|stamping
lodations are the unthreaded faces of the pipe segments, the faces of the couplings and the faces of
mdterial samples:

13.6 Specimen geometry verification

13{6:1 “Gauging inspection scope

Geometry of all test specimens shall be verified by gauging. Gauging shall be completed by the supplier
according to the supplier’s procedure. All gauging sheets and setting standards used to control
the specimens’ dimensions and measurements shall be traceable to the drawings of the candidate
connection being evaluated.

Gauging results should be confirmed by the inspector. The scope of the inspector’s specimen geometry
verification should be agreed by the assigner and the supplier.

As provided by 7.2, this document does not require that any confidential connection design information
(e.g. connection drawings) be revealed by the supplier in the course of the gauging inspection.
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The inspector should obtain current calibration records for any gauging equipment (e.g. setting
standards or bias zero settings) used by the supplier, and include those calibration records in the
inspection report.

13.6.2 Inspection extent - example cases

In general, connection gauging and quality inspection procedures vary depending on the connection
manufacturer, connection design, availability of gauges, and quality-management program in place.
The following paragraphs in this clause illustrate two example cases of possible inspection scope,
depending on the extent to which the inspector has access to the supplier’s design information. The
extent of fhat access shall be agreed between the assigner and the supplier.

a) Case 1 - no design information on the candidate connection is provided to the inspector.

The inspector is to verify conformance of specimen dimensions to the supplier’s specimeén gauging
sheets, either through absolute dimensioning or by gauging referenced to traceable,standards.

b) Case 2 - design information on the candidate connection is provided to the inspector.

The inspector is to verify conformance of the supplier’s specimen gauging sheets with the
candiflate connection design drawings and production procedures) or alternatively wijith
prodyction line gauging sheets and production procedures, to confirta that the specimen gauging
sheet} satisfy dimensional requirements of this document. After £hat'verification, the inspectof is
to vellify conformance of specimen dimensions to the specimenfgauging sheets, either by absolnte
dimensioning or by gauging referenced to traceable standards:

The assigher shall specify the extent of the inspector’s verification of specimen dimensions (e.g. the
assigner might limit verification gauging to specimen dimen$ions restricted by 13.4.3 and 13.4.6).

13.6.3 Geometry inspection guidelines
Some add]tional specimen geometry-verificationcguidelines include:

— Itisr¢commended that gauging equipment should have a resolution of at least 10 % of the toleramnce
bandg of specimen diameters and tapers. If such high-resolution instrumentation is not availalle,
then the gauging equipment should have a resolution of at least 20 % of the tolerance bandg of
specilnen diameters and tapers.

— If possible, gauging frames-that hold dial indicators should be stiffer than the frames used at the
prodyction line.

— Ifsettiing standardsarenotavailable, and gauge blocks are used to zero dial indicators, compensatjng
correftions that depend on surface tapers and diameters of the contact tips should be calculated.

— Tempgpratures.of gauging frames, dial indicators, setting standards and specimens being gauged
shoulfl be consistent both at the time of dial indicator zeroing and at the time of specimen gauging.
Only [L°C difference in temperature between a gauging frame and a carbon steel specimen Will
cause8;8002-5-mm{(0-000-Hnajmeasurementerror-in230-mm{SHn)-dismeteranerrorequatte 0 %

of arepresentative tolerance band for a specimen’s diameter. This might require allowing time for a

specimen’s temperature to stabilize following machining.

A dimensional inspection report should allow a reader to understand how accurately the specified
dimensions and diametric interferences conform to requirements, but without publishing the actual
dimensions. Achieving both of these reporting objectives might require some adaptability. Thread
tapers can be documented as the amount that measured tapers differ from minimum or from maximum
production values. Conformance of pin or box diameters to Table 20 can be reported simply as yes or
no. Diametric interferences can be reported as percentage values, with reference to production ranges
as 0 % to 100 %, if the supplier chose that alternative for determining specimen interferences from
production interferences. Otherwise, diametric interferences can be reported as the amount that they
differ from minimum or maximum production values, similarly to the reporting of thread tapers.
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Dimensional interferences cannot be directly measured, and need to be calculated from specimens’
diameter measurements. Recording those diameter measurements (in a parallel manner to
interferences) will enhance traceability of the calculated interferences and facilitate the choosing of a
spare specimen to substitute for an inadvertently damaged specimen. Nevertheless, a matrix showing
diametric interferences of all possible pin and box combinations can be prepared, allowing a supplier
to request that individual diameters not be included in either interim or permanent inspection records.

13.7 Procurement and quality control of connection interfacial components

Connection interfacial components are treated as inherent elements of a connection’s design and
specific elements of the candidate connection specimens submitted for an evaluation pregram. This
is because interfacial components affect not only the connection assembly and galling fésigtance but
aldo sealability. The impact of the interfacial components on sealability can be particalarly gignificant
dufing and after exposure to high temperatures.

In general, interfacial components can be divided into two classes:

Class 1: interfacial components that are applied to the casingpipes and couplings (pin and
box components) as part of the pin and box manufagturing process, e.g. phosphate
coatings;

Class 2: interfacial components that are applied upon connection assembly, ¢.g. thread
compounds.

All interfacial components utilized in the candidate gonnection specimens shall conform to the
supplier’s design specifications.

The supplier shall perform quality control of the Class 1 interfacial component(s), which have
begen applied to the pin and box components-of the candidate connection specimens dufring their
mgnufacturing, and provide a corresponding\Wwritten confirmation to the assigner and the |evaluator.
Thpt quality-control confirmation shall bedncluded in the evaluation report.

that will be applied during assembly of the candidate connection specimens. By default, those [nterfacial
components will be provided by the supplier or by a party designated by the supplier. The supplier shall
enpure that the procured intérfacial components are supplied with relevant product certificates that
wi|l enable unique identification of the supplied product. Those certificates shall be supp;lied to the

asgigner and the evaluator;-dand shall be included in the evaluation report.

Th£ assigner and the supplier shall agree on the procurement of the Class 2 interfacial compponent(s)

The assigner, the supplier and the evaluator shall agree on the extent of the quality control that shall be
performed on thesupplied interfacial components.

13.8 Specimen handling and storage

13{8.1\ Handling recommendations

All specimens shall be handled with due care and attention to avoid any accidental damage to or
undesirable effect on the specimens. If they are needed, the supplier should provide instructions for
special handling or storage of specimens.

Care of test specimens starts at the machine shop, even before machining begins. Specimens shall not
be dropped, whether or not they have been machined, or residual stresses might cause unpredictable
behaviour. The cost of rejections after specimens and spares leave the machine shop is potentially very
large, so precautions should be commensurate.

Prudent practice will involve selection of pipe segments for thermal cycle testing according to products
of yield strengths and average wall thicknesses, as discussed in 13.4.5.
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Impact damage to machined surfaces is to be avoided. Usually impact damage to threads can be repaired,
if it is noticed before it causes galling during testing activities, but most suppliers prohibit seal surface
repairs. The potential for handling damage in the machine shop can only be minimized with good work
practices. The potential for handling damage after specimens leave the machine shop can be reduced by
packaging on pallets or in bundles, with special attention to protection of pipe segment ends.

More subtle sources of damage should be avoided, too. Care should be exercised to avoid contact of
grinder wheels with seal surfaces when manually removing sharp edges of vanishing threads nearest
those seals. Grit should be removed from machined surfaces and from thread protectors before those
thread protectors are installed. Corrosion protection products (e.g. Kendex or equivalent) should
be applieg—tomachimred—surfacesquitesoomafter machiningtsfinistred;espectatty-imhotandtomid

climates.

Experiende in specimen handling and storage is valuable. Any doubt about the adequacy of preeautigns
should be|resolved conservatively.

13.8.2 Treatment of damaged specimens

The procddure to be followed if a test specimen is inadvertently damaged, after‘leaving the machjne
shop, will| depend on timing and circumstances. If damage is detected befere-testing of a pin or hox
componerjt begins, selection of a replacement from the spares should be relatively straight-forwaprd,
based on $atisfaction of diametric interferences per 13.4.6 and on matching of pipe segment strengths
per 13.4.5, if applicable. The correct response is less clear if inadvertenf damage occurs after beginnjng
a history-Jdependent sequence, such as sequential make-ups and ireak-outs of Specimens 1, 2, 3 gnd
5. The replacement strategy might become additionally complicated when a damaged part affects
multiple gpecimens; for example, when the damage occurs to<a-pin-by-pin pup intended to become|an
intermedilate pup in a specimen string for the thermal cycle.test. If the number of spares does not allpw
restarting the history-dependent sequence with a fresh pin‘and a fresh box, a decision about acceptaple
resolutior] needs to be reached.

When tes§ specimens get damaged, the assigner and the supplier shall jointly choose from the availaple
action alt¢rnatives and decide on procedure to continue testing.

Combined scope of testing performed on thie,original and/or replaced test specimens before the damdgge
and after the damage shall not be less than required by specifications of this document for undamaged
specimens.

All occurtences of specimen damage and corresponding actions taken shall be documented in the
evaluation report.

14 Full-scale physical tests and supplementary analyses

14.1 Task overview

This clause describes the fourth block of the evaluation procedure, which consists of full-scale tests gnd
Suppleme 1fary :lnalycnc (cnn Eicure ﬁ) The tasks in this hlaock are conducted to assess pnrf"nrm:lnrc of
the candidate connection under loading conditions consistent with the selected ASL, with respect to
galling resistance, structural strength, and sealability.

This block contains five tasks: Task 4.1 Galling Resistance Test, Task 4.2 Thermal Cycle Test,
Task 4.3 Bending Evaluation, Task 4.4 Limit-Strain Test, and Task 4.5 As-Tested Configuration Analysis.
Task 4.3 contains two subtasks: Task 4.3.1 Bending Analysis and Task 4.3.2 Bend Test. Task 4.4 also
consists of two subtasks: Task 4.4.1 Localized Strain Seepage and Task 4.4.2 Tension Limit.

The full-scale testing tasks in this block are: Task 4.1 Galling Resistance Test, Task 4.2 Thermal Cycle
Test, Task 4.3.2 Bend Test, and Task 4.4 Limit-Strain Test. The supplementary analyses tasks are:
Task 4.3.1 Bending Analysis and Task 4.5 As-Tested Configuration Analysis.
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Mandatory tasks in this block are: Task 4.1 Galling Resistance Test, Task 4.2 Thermal Cycle Test, and
Task 4.4.2 Tension Limit.

Optional tasks in this block are: Task 4.3 Bending Evaluation, including Task 4.3.1 Bending Analysis
and Task 4.3.2 Bend Test; Task 4.4.1 Localized Strain Seepage; and Task 4.5 As-Tested Configuration
Analysis.

Six full-scale candidate connection specimens are required for the full-scale test program. The
specimens shall be manufactured as per the requirements described in Clause 13.

Results of the mandatory full-scale tests are the only results of the evaluation program that require
comparison with threshold performance requirements. Results of the supplementary analydes are not
compared to the threshold performance requirements, but may be considered in the assessment of the
capdidate connection performance under application-specific conditions that are not’simuldted in the
mgndatory tests. These results may also be used to guide decisions relative to additional tgsting that
might be desired for some applications.

Te$t data and results from other connection assessment programs may be utilized in lieu of Jome or all
subtasks of Task 4.1, 4.2, 4.3, 4.4 and 4.5, if applicability of that prior evaluation data to the|candidate
connection and its conformance to requirements of this document is(demonstrated according to the
provisions in 8.5.

The following clauses describe requirements for the full-scale-tests and supplementary| analyses,
indluding test and analysis scope, set-up and execution, resultinterpretation, and reporting.

14.2 Full-scale tests - general requirements

14{2.1 Ambient temperature at test site

Full-scale tests according to this document cat‘be conducted in various laboratories around|the world
in [which average ambient temperatures gould be different. Local temperatures can also pary with
sedsons of the year and even on a daily basis.

Thlis document provides means tg-correct for impacts of different ambient conditions on [some test
procedures, e.g. the ranges of cyclic temperature variations in the thermal cycle test (see [4.4.4 and
14}4.5). In addition to those procedural adjustments, the range allowed for the ambient temperature
variations is restricted to-limit their impacts on various aspects of the connection evaluation - for
example, temperature-dependence of instrumentation, assembly procedures, or connection |nterfacial

ci]:wponent properties:

Anmbient temperature T, . in the facility where a full-scale test is executed in accordance| with this
dofument shallhebetween 5 °C and 40 °C during the execution of that test:

5°C < T < 40 °C

14{2:2 Calibration of instrumentation

Calibration of all gauges and instrumentation shall be current. The accuracy and calibration frequency
of instrumentation to be used during testing shall satisfy the requirements of ISO 13679.

The test laboratory standards for calibration and all the calibrations shall be documented. Copies of
calibration reports for the devices measuring forces, pressures, torques, and displacements shall be
included in the evaluation report.

Relative calibration of measuring devices, i.e. with a candidate measuring device being calibrated
against a reference measuring device is permitted only when the reference device has been calibrated
to traceable standards. Any such relative calibration shall be documented.
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Calibration of instrumentation may be further verified by additional calibration activities. The extent of
such activities shall be determined by agreement between the assigner, the evaluator and the inspector.

14.2.3 Disabling of secondary seals

Connection sealability assessments shall be based only on primary sealing surfaces. Any other
potential sealing surfaces that might impede gas flow to seepage detection ports shall have sealability
demonstrably disabled.

In connections whose primary seals are flank seals and have torque shoulders in the flow path from
the connegtiomsimteriors to seepage detection ports, disabhing of torque shoutder seatabitity strath be
ensured.

Disabling |of secondary seals can be achieved by machining two grooves across the sealing face(s) of
a connectjon component (as provided by ISO 13679) or by any other method that will emstife that the
pressure ¢f the test medium acting on the primary connection seal is the same as the specimen interhal
pressure.

Disabling pof secondary seals shall be performed prior to the final assembly of the{affected specimens| In
specimen$ subjected to multiple make-breaks before a sealability test, disabling of the axial seals may
be perforined either before or after the make-ups associated with the galling-resistance test.

14.2.4 S¢epage measurement and rate definitions

14.2.4.1 Seepage collection - configuration

In any sedlability test, seepage past a primary connection-séal shall be routed to a monitoring devfice
via ports flrilled radially through the coupling wall at the lew-pressure side of the seal. Representatjve
locations for such ports are illustrated in Figure 14. Two ports shall be circumferentially located 18$0°
apart at epch axial location. Ports should be approximately 2,4 mm (3/32 in) in diameter and may|be
enlarged #t their outer ends for attachment of seépage monitoring tubing if required, but enlargement
should be|minimized. The ports shall be drilled-after final make-up of each connection whose seepgge
will be nponitored, or closed during all .make-ups to prevent loss of thread compound from the
connectiops.

I I

Figure 14 — Seepage detection ports

After the ports have’been drilled, communication between each connection’s two drilled ports shofild
be cleared by ifijection of air or inert gas into one of those ports. Pressure of injected air or gas shofild
not exceefl the-lowest value of 1 000 kPag (140 psig) and 25 % of the connection’s rating for interpal
pressure.

Seepage from both ports at each axial location shall be jointly routed to a monitoring device that
measures seepage volume or seepage rate. Tubing shall be small to minimize internal volume;
metal tubing with 3,2 mm (1/8 in) outside diameter and working pressure greater than 25 % of the
connection’s pressure rating is recommended. The monitoring device shall be capable of measuring
gas volumes as small as 1 ml or seepage rates as small as 0,06 ml/min. If the seepage rate exceeds
the monitoring device capacity, seepage rate shall be recorded as the arithmetic average of manual
samplings. Those samplings shall be taken no more than one hour apart, and no less frequently than at
the beginning and end of any time interval in which testing conditions are held constant while internal
pressure is applied to the connection specimen being tested.

A simple example of an acceptable method of seepage measurement is displacement of water in a
graduated cylinder during a measured time interval. That example configuration is illustrated in
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Figure 15. Its main principle of operation is that an inverted graduated cylinder is inserted in a reservoir
with water. Near-vacuum is drawn inside the cylinder, which draws a certain water column inside the
cylinder. In a test, gas seeped from a connection is conducted via a detection tube. The detection tube
end is inserted into the immersed portion of the graduated cylinder. As more and more of the seeped
gas bubbles through into the near-vacuum space, gas pressure builds up in that space and pushes the
water level down. The amount of water displacement is calibrated to the volume of the seeped gas.

If that method is used, then all volume measurements shall be with respect to ambient laboratory
temperature and atmospheric pressure. It is assumed that at the beginning of each detection period
the detection tube is entirely filled with gas, so that a bubble is “just-forming” at its end inserted in the
graduatedcytinder—trthatstate- the back pressuretirthe tubedependsomrthedeptirof thetube’s open
enfl beneath the water’s free surface in the reservoir. To minimize back-pressure in thegas{collection
system, differences in elevation between the detection tube end and the water level in the'rg¢servoir at
th¢ time of volume measurement shall not exceed 250 mm, (10 inches) which corresponds|to +2,4 %
mgximum measurement error relative to typical atmospheric pressure.

— 4

L

<250 mm

Key

1 | reservoir

2 | free water surface
3 | detection tube

4 | graduated cylinder

Figure 15 — Basic seepage volume measurement

It 1s assumedithat the gas trapped in the inverted cylinder will have its temperature, and| hence its
volume, influenced by the temperature of the water bath. To minimize temperature-related |effects on
the¢ gasinithe collection system, the water temperature shall not differ from the ambient laboratory
tertppérature by more than 5 °C, which corresponds to +1,7 % maximum measurement error felative to
anlambient temperature of 293°K (assuming ideal gas behaviour)

Other methods of measuring seepage volumes or rates shall have errors no larger than +5 %.

14.2.4.2 Seepage data acquisition frequency

Seepage data shall be measured and recorded at regular intervals during all load steps (holds) requiring
seepage monitoring. The time intervals between measurement recordings shall not exceed:

— 5 minutes for each hold at ambient temperature and/or at the low-cycle temperature;

— 15 minutes for each hold at an elevated temperature.
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If needed, the measurement recording intervals should be adjusted to enable determination of seepage
rate trends during the holds (increasing, decreasing, or stable).

In the event of a significant leak, monitoring and recording rate may need to be increased and correlated

with adjustments of volume/levels of fluids being displaced in the leak collection system.

14.2.4.3 Seepage monitoring lines - maintenance

Seepage monitoring tubing (lines) shall be checked for blockage before and after each seepage-
monitoring interval, unless:

— seep]Ee is evident, or

— two dr more consecutive monitoring intervals occur at the same target temperature and are hot
separpted in time by more than 8 h, in which case the lines shall be checked before the first'and affter
the lapt of those intervals.

Checking phall be done by monitoring transmission of air or gas from the outlet end of one tube to the
outlet end of the other tube for each connection. Pressure of the injected air ot\gas shall not excged
20 kPag (B psig) during these checks. All checking events shall be documerted. Any blocked tubjng
shall be cleared or replaced and the time of blockage detection recorded.

14.2.4.4 [Gas seepage rates during holds and average per-connection rates

Gas seepalge volume during any hold interval shall be the volume 6f gas, at standard temperature gnd
pressure, released during the duration of the hold interval.

Per-hold geepage rate for a given hold interval shall be equalto the ratio of the gas seepage volume [as
defined alpove) in that hold interval divided by the duratior of that hold interval.

Per-conngction average seepage rate for a given loading condition is the sum of that connection’s per-
hold seepage rates in all hold intervals divided by the number of hold intervals at that loading conditipn.

EXAMPLE Average rate under compression:ifi.the thermal cycle test:
Per-cqnnection average seepage rate at high cycle temperature is the sum of that connection’s per-hiold

seepage rates in all intervals at high.¢cycle temperature (i.e. in all cycles) divided by the number of cy¢les
performed in the thermal cycle test.

14.2.5 L¢ad application rates

Mechanicgl loads shall be-applied to test specimens at loading rates consistent with loading rate
guidelineg in ISO 13679:

Rates of emperature-induced straining loads shall be controlled by applicable rates of temperatiire
changes, gs indicated in 14.4.6.7 and 14.4.6.8.

14.2.6 Excluded-connections

T et oI Ctroy

Performance of some connections that have been tested in any full-scale test in accordance with this
document can sometimes be excluded from comparison with the threshold performance requirements.
Any such connection is referred to as an excluded connection. Observed and/or measured performance
of excluded connections shall be reported in the evaluation report, but such performance shall not be
considered in determining whether or not the threshold performance requirements have been met.

Any party assigned to a program role in an evaluation program (assigner, supplier, evaluator or
inspector) can present rationale for granting the excluded connection status to one or more connections
that have been tested in any full-scale test.
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A connection shall be granted the status of an excluded connection if, and only if, all the following
conditions are satisfied:

a) Acircumstance occurs during test execution that substantially affects that connection performance
in a way that is inconsistent with test specifications;

b) The evaluator or the inspector provides a written description of the above circumstance and all
pertaining evidence (e.g. photos) to the assigner, and the assigner provides that material to the
supplier;

c) _The assigner and the supplier review the provided evidence and agree on granting excluded
connection status to the affected connection;

d)| At least two independent parties performing the protocol roles are involvedrin’redching the
agreement on excluded connection status referred to in c) above. For example, ifthe assigner is the
same party as the supplier, the evaluator or the inspector needs to review the evidence and concur
with the assigner; and if a single party combines the roles of assigner, supplier and evaluator, the
inspector needs to act as the second independent party;

e) | The evidence relative to the circumstance described in a) and b), and the agreement redched in c)
and d) are included in the evaluation report.

Expmples of conditions that can justify connection exclusion include, but are not limited to:

—| localized loading inconsistent with the intended test\procedure. For example, loca] buckling
occurred during thermal cycling due to inadequate lateral support of the specimen or strjng in that
area;

—| inadequate execution of the test procedure. B6r example, seepage detection lines wer¢ found to
have been plugged or disconnected for a portion of the test;

—| connection post-mortem examination indicated damage that occurred during specimen assembly
and/or testing that is considered to nothave resulted from the intended test loads.

If the number of excluded connections’in any full-scale test (galling resistance test or thefmal cycle
tedt or bend test or limit-strain test)/does not exceed one connection (single leak path), then|no repeat
teqting is required. Otherwise, replacement specimens for the specimens that contain| excluded
c0£nections shall be re-tested,~and the number and testing sequence of those replacement $pecimens

shall be consistent with the number and testing sequence of the excluded connections to the degree that
is possible, and any différences in history and/or testing sequence between the replacement §pecimens
anfl excluded connection specimens shall be documented.

14.3 Galling fesistance test

14{3.1 TasK description

The@alling resistance test is a full-scale test conducted on four specimens of the candidate cgnnection.
Th@mmﬁﬁﬁmmmmeam any

subtasks.

Execution of Task 4.1 is mandatory.

Results of this test are key performance measures that are compared with the threshold performance
requirements.

Subclauses 14.3.2 to 14.3.8 describe the rationale, specimens, scope, set-up, procedure, performance
requirements, and reporting for the galling resistance test.
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14.3.2 Rationale and objectives

Two categories of galling damage to connection seal and thread surfaces are recognized: repairable
galling or severe galling, which refer to damage that, respectively, can or cannot be repaired according
to the supplier’s field-repair procedure for the candidate connection.

Because casing connections can experience multiple make-ups and break-outs during casing string
assembly in field service, the objective of the galling resistance test is to verify the candidate connection
ability to withstand multiple make-ups and break-outs without severe galling.

Optionally,_monitoring of connection deformation during make-ups and break-outs can prov

de

additiona

14.3.3 Mlake-break specimens

Four cand
Specimen
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subsequent full-scale tests. If the specimen assembly for further testing is canducted at the same ti

as the gall
make-bre

Thread cqd
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provided

14.3.4 Sc

The scope
on make-

insight into the connection’s response to multiple make-ups.

idate connection specimens shall be submitted for the galling resistance teSty"Specimen
2, Specimen 3 and Specimen 5. Collectively, these specimens are referreditolas make-brg

P«

g resistance test may be conducted prior to or together with the assembly of specimens

ing resistance test, then Specimen 4 and Specimen 6 shall also be provided together with
hk specimens.

mpound (dope) shall be obtained in accordance with‘the supplier’s specifications for
connection. A Material Safety Data Sheet (MSDS) for the obtained thread compound shall
hind included in the evaluator report.

ope of galling resistance test

of Task 4.1 Galling Resistance Test includes'multiple make-up and break-out cycles perforn
break specimens and final assembly of:eonnection specimens required for subsequent fJ

1,
ak

for
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he

he
be

ed
h11-

scale testjng. Table 23 illustrates the scope ©fthe make-break activities and target torques for the
make-ups|in the galling test and final specimen assembly.
Table 23 — Make-break sequence and final specimen make-up
Make-break activity Assembly for subsequent testing
Geometr . i
config. y Specimen snli):lc{::n_llfn Target make-| Break- |Full-scale testafter | String assembly
I p up torque out final make-up recommended
number
1
2 Maximum Yes
WGS 1 No
3
4 = final TF (WGS) No Limit strain test
1
2 Maximum Yes
WGT 2 No
3
4 = final TF (WGT) No Bend test
1
3 3 Maximum Yes No
WST -
3 =final TF (WST-M) No Thermal cycle test Yes
4 1 = final TF (WST-S) No Thermal cycle test Yes
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1
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Cable 16 and Table 18. Upon completion of the analysis described in 12.3.7, the targets TH
final make-up torques become either minimum torque or maximum torqueyin’accord
pcifications and tolerances for the minimum and maximum target torques provided in 14.3

bcimen 1 shall undergo three make-ups to the maximum torque, followed by a final ma
al torque TF(WGS), which will be either the minimum or the maximum torque.

bcimen 2 shall undergo three make-ups to the maximum torque,followed by a final ma
al torque TF(WGT), which will be either the minimum or the makimum torque.

que TF(WST-M), which will be either the minimum torqtie or the maximum torque.

ecimen 4 shall be made up once to a final torque TF(WST-S), which will be either the minimn
Ximum torque.

que TF(WSC-M), which will be either the miinimum torque or the maximum torque.

ecimen 6 shall be made up once to a final torque TF(WSC-S), which will be either the minin
Ximum torque.

1l and thread surfaces of each specimen shall be examined upon each break-out. Any e

repairable galling and/or severe'galling shall be recorded.

14

14

Ex
act

3.5 Set-up and instrumentation

3.5.1 Make-up‘process

perimental.sét-up for the galling resistance test shall be adequate to carry out the m
ivities ihaccordance with the supplier’s make-up and break-out procedure for the

connection:

M3

ke-up and break-out conditions should be representative of the field conditions to t

s provided
(XXX) for
ance with

Ke-up to a

Ke-up to a

ecimen 3 shall undergo two make-ups to the maximum torque, followed by a final make-up to a final

um or the

ecimen 5 shall undergo two make-ups to the mtaximum torque, followed by a final make-up to a final

um or the

Vidence of
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ntation is

preferred to alleviate potential for pin-box misalignment, but horizontal make-up can be used provided
that the assigner, the supplier and the evaluator agree on such orientation and additional test-specific
requirements, if any are required (e.g. regarding the string make-up for the thermal cycle test). This
document does not address challenges relative to slant make-up.

For coupled connections, floating of the coupling shall not be performed (i.e. each side shall be made
up separately). Floating is not permitted to ensure that controlled make-up torque is applied to each
connection separately and incremental make-ups of any test connections are avoided.

For each make-up and break-out of a coupling that contains an open end, the make-up support pin or a
specimen pin shall be used to support that open end.
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When gripping couplings (or boxes), clamping forces should be controlled to prevent adverse distortion

of the internally threaded member.

14.3.5.2 Torque-turns measurement

Applied torque and specimen turns shall be simultaneously monitored and recorded during each make-

up and break-out on torque-versus-turn plots.
Resolution of the turn data recording system shall be at least 1/1 000th of a turn.

Turns maybem

Torque may be measured with a load cell on a line attached to the moment arm of the tong. Adjustme
might be fequired if the line is not perpendicular to the moment arm.

14.3.5.3 [Use of strain gauges

It is recommended that deformation of each make-break specimen be monitored during each make
and breaktout.

Specimen|instrumentation layout and strain measurement procedure shouldbe according to ISO 136
14.3.6 Test procedure

14.3.6.1 [General requirements

Unless otherwise required by this document, make-ups and bbeak-outs of specimens shall be conduc
according|to the procedure provided by the supplier. Théprocedure provided by the supplier for
evaluatio program shall be consistent with the procedure used for field assembly of the candid
connectiop.

The gallinig resistance test shall be performed.at ambient temperature.

14.3.6.2 [Thread compound application

When required, thread compound-{dope) shall be applied according to specifications provided
the suppljer plus additional requirements outlined below. In the event that the dope applicat
requirem¢nts listed in this clause Contradict the supplier’s specifications, the supplier’s specificatig
shall overfide the requirementslisted below and any such occurrence shall be documented.

Connectign seals and thieads shall be clean and dry prior to dope application.
The same|thread compound type shall be used for all test specimens.

All dope application shall be performed with a fine-bristled brush or a paint brush. The brushes shall
new or in p condition that does not show any damage or extensive use.

Be{cr.

nts

up

ed
he
hte

by
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be

If the supplier’s specifications indicate that dope amounts in the field application must be controlled
weight, then:

— amount of dope to be applied for each make-up in the test shall be controlled by weight;

by

— for make-ups performed to maximum target torque, the dope amount shall be no more than the

minimum amount plus 10 % of the amount range specified by the supplier;

— for make-ups performed to minimum target torque, the dope amount shall be no less than the

maximum amount minus 10 % of the amount range specified by the supplier;
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If the supplier’s specifications indicate that dope amounts in the field application must be controlled by
visual standards only, then:

— amount of dope to be applied for each make-up in the test shall be controlled by visual standards;

— for make-ups performed to maximum target torque, the dope amount shall be as close as practically
possible to the minimum amount allowed by the supplier;

— for make-ups performed to minimum target torque, the dope amount shall be as close as practically
possible to the maximum amount allowed by the supplier.

14{3.6.3 Make-up torque specifications

Th torque achieved at the first make-up of each make-break specimen, which is perforied to maximum
taiget torque, shall not be less than the maximum torque allowed by the supplier minus the |greater of
the following:

—| 10 % of the maximum torque allowed by the supplier;
—| 20 % of the difference between the maximum torque and minimumtorque allowed by the supplier.

Thi torque achieved at each make-up performed to maximum target\torque, other than the first make-
up|of each make-break specimen, shall not be less than the maximum torque allowed by thle supplier
mihus the greater of the following:

—] 5 % of the maximum torque allowed by the supplier;
—| 10 % of the difference between the maximum torgue and minimum torque allowed by the supplier.

The torque achieved at each make-up performed t6 minimum target torque shall not be gr¢ater than
th¢ minimum torque allowed by the supplier plus the greater of the following:

—| 5 % of the maximum torque allowed by the supplier;
—| 10 % of the difference between the-maximum torque and minimum torque allowed by thg supplier.

If the above torque specifications are not achieved in a make-up of a connection in a mpke-break
specimen, then the connectiorishall be broken out and made up again.

If the above torque specifications are not achieved in a make-up of a connection in Specjmen 4 or
Specimen 6, then either/that connection shall be broken out and made up again or a replacement
speécimen shall be used, and the choice between those two options shall be made so that the total
number of makesups experienced by the pin and box components of the affected Specimen 4 or the
affected Specimen’6 or their replacement specimens is minimized.

14{3.6.4 <Repairs

Observed repairable galling shall be repaired. The repairs shall be performed according t¢ the field

: A | | ot idad lazstlo 1
I'epau PTrottuur T diiad T CTLUTIITITICITUATTUTIS PTUVIUTU O y TITICT SU P PTITT.

14.3.7 Performance assessment

The following threshold performance requirements for the galling resistance test are provided for
reference purposes in accordance with adopted principles for the assessment criteria and result
interpretation specified in 6.3.6 and 6.3.10.

A candidate connection shall be considered to have met threshold performance requirements in the
galling resistance test if all of the following conditions have been satisfied for all connections included
in the make-break specimens except any excluded connections:

a) Each connection has achieved the required number of make-break cycles;
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b) Make-up torques have been within limits specified for this test;
c) Nosevere galling on seal or threads has been observed;

d) Any observed repairable galling on seal or threads has been repaired according to the supplier’s
repair procedure.

14.3.8 Reporting

As a minimum, reporting of Task 4.1 Galling Resistance Test shall contain the following items:

— Identification of candidate connection specimens submitted for this test;

— Descrjiption of any excluded connections, as required in 14.2.6;

— Matertjial safety data sheet for applied thread compound;

— Photdgraphs of make-up equipment and at least one connection being made up;
— Photdgraphs of at least one connection before and after doping (but before make-up);
— Consgcutive number, date and time for each make-up and break-out;

— Targefted and achieved torques in each make-up;

— Brea}§-out torques for each break-out;

— Torque-turn curves for all make-ups and break-outs;

— Obserjvations of connection seal and thread surfaces upon each break-out;

— Photdggraphs of at least one undamaged connectiofi;cleaned after break-out;

— Photggraphs of the connections that were répresentative of the worst post-break-out conditigns
(with|or without galling) of pin and box sedl-and thread surfaces;

— Descrjiption and photographs of all oceurrences of galling and performed repairs.
14.4 Thérmal cycle test

14.4.1 Task description

The thermal cycle test issa-full-scale test conducted on four specimens of the candidate connectipn.
This test qonstitutes Task4.2 of the evaluation procedure (see Figure 6). This task does not contain gny
subtasks.

Execution| of Task\4.2 is mandatory.

Results of| this test are key performance measures that are compared with the threshold performance
requirements.

Subclauses 14.4.2 to 14.4.10 describe the rationale, specimens, scope, set-up, procedure, performance
requirements, and reporting for the thermal cycle test.

14.4.2 Rationale and objectives

The thermal cycle test is considered to be the most severe test in the test matrix included in the
evaluation procedure. This test is conducted to evaluate a candidate connection structural integrity
and sealability under cyclic thermo-mechanical loading representing a thermal well application, as
described in 9.1. Conceptually, the test is configured to simulate a section of casing that is constrained
at the ends and subjected to temperature excursions with associated internal pressure loading. The
end supports control and limit the casing’s axial expansion and contraction during the test.
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Inside the supported section, constrained heating induces axial compression due to conversion of
thermal-expansion strain into compressive mechanical strain. Constrained cooling induces tension due
to conversion of the thermal-contraction strain into tensile mechanical strain. The axial force acting
along the supported section results from the overall deformation of the casing, and is constant in that
section. The strain distribution in the casing depends on the temperature profile along the supported
section. It is desirable that the temperature distribution be as uniform as possible along a strain-
monitoring length that spans all included specimens.

A straight casing configuration is used for this test. This selection is based on results from studies
conducted durmg the orlgmal TWCCEP development which indicate that the 1mpacts of the thermally-
inducedaxtattoadsomrseatcontactstress—are-in BeITeT at auuaLauuauy tar BT thramrthe uupc cts of the
noh-axisymmetric loads considered within typical thermal well operational scenariasy that do not
indlude significant geo-mechanical loads.

14{4.3 Thermal cycle specimens

Folir candidate connection specimens shall be subjected to the thermal cycle test:
—| Specimen 3, which is a make-break specimen made up three times;

—| Specimen 4, made up only once;

—| Specimen 5, which is a make-break specimen made up three times;

—| Specimen 6, made up only once.

Collectively, these specimens are referred to as thermaleycle specimens.

Thermal cycle specimens may be tested individually or in string assemblies containing twyo or four
specimens, as described in 14.4.6. The specimehs assembled for a thermal cycle test are cpllectively
referred to as a specimen string. Unless noted‘otherwise, provisions for a specimen string apply to all
specimen configurations allowed for this test (i.e. an individual specimen, a two-specimen sfring, or a
foyr-specimen string).

All thermal cycle specimens shall‘have their secondary seals disabled per 14.2.3 and their seepage
detection ports drilled as per, 14.2.4. Any spares substituted for those specimens shall have their
se¢ondary seals similarly disabled and seepage detection ports similarly drilled.

14{4.4 Scope of thermal cycle test

Eafh specimen string-shall be subjected to 10 thermal cycles in which global strain is controlled and
mdintained at close-to-zero values over a portion of the specimen string including all cagnnections
in [that string,*dnd in which the string temperature is controlled and varied between a low target
tempperatureyprescribed as low cycle temperature and a high target temperature preqcribed as
high cycle-témperature. In each cycle, the specimen string is held in compression at the high cycle
terpperature for a prolonged time (high-temperature hold) and subsequently in tension at the¢ low cycle
tempperature (low-temperature hold).

The evaluator shall select a single temperature between 5 °C and 40 °C for the low cycle temperature,
which shall remain fixed for the entire thermal cycle test. In order to facilitate test control, the selected
low cycle temperature should be as close as reasonably possible to the average ambient temperature in
the test laboratory during the thermal cycle test.

The high cycle temperature shall be not lower than, and as close as reasonably possible to, the upper-
bound temperature of the ASL selected for the evaluation program.

Any pre-test exposure of the test specimens to elevated temperatures should be carefully considered,
to minimize chances for any significant changes of the specimen material properties that would be
inconsistent with the operational loading scenario.
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The loading sequence for the thermal cycle test is illustrated in Figure 16 and later specified in Table 24.
The top chart in Figure 16 shows the relationship between the average string strain and the average
string temperature. The bottom chart in Figure 16 shows the relationship between the thermally-
induced mechanical strain and the average string temperature. The temperature axes of the top chart
and the bottom chart are aligned.

The basic path corresponding to a thermal cycle between the low cycle temperature T, and the high
cycle temperature T} at a constant zero strain is path QRQ.

In order to compensate for approximations that result from laboratory simulations of the intended

field load

path: low
(Sry)- Incl
path PQR

er-bound temperature strain increment (Lppg) and temperature range strain incrém
ision of those two mechanical-strain compensations modifies the cyclic load sequence
SWQP (Figure 16). Point S represents a high-temperature hold. Point P represents a Ia

temperature hold. Path QWX represents unloading to zero load upon completion of the last'cycle. 'l

Lypgand S

k] compensations are derived in 14.4.5.

ngtwo mechanical strain compensations-are npp]ipr‘] in-addition to the above basic lgoad
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14.4.5 Mechanical strain compensations

14.4.5.1 General formulae

The following mechanical strains are applied to account for differences between the casing string
configuration in a well and the specimen string in a thermal cycle test:

— Difference between the low cycle temperature T, used in the test and the lower-bound temperature
Ty, assumed for the field conditions and defined by the selected ASL is compensated by applying an
additional mechanical strain referred to as lower-bound temperature strain increment Lyg;

— Potenltial non-uniformities in the heat distribution along the specimen string, strain localiZatjon
effectls, and inaccuracies of temperature compensation of the elongation-measuring devices, are
collegtively addressed by applying an additional mechanical strain referred to as temperatufe-
range strain increment Sg;

— Constfrained thermal expansion within a given temperature excursion causes a bigger mechanifcal
strain] in the test string than in the well string, due to the difference in length between casing joipts
(well) and pups (specimen string). Unless pipe body strain is directly confrolled in the test, this
effectis compensated by reducing the Sy, increment by a strain offset referred to as strain-length
compepnsating factor S| . The Lyt compensation is not affected by the Strain-length effect, becaise
the sgecimen string is not subjected to constrained thermal expansign*between T, and T)..

Based on the above, the following general formulae are used for Lypsand Sy

Lprs =|Lrrso (3)
Sri = Iri0 - Siers (4)

where Litsq and Sgj, are strain increments basedon the applicable temperature range, S ¢ is the
corresporjding strain-length compensating factor, and Lyrg and Sy are the strain compensatigns
applicabld in the thermal cycle test procedure(see Table 24). Formulae for S| ., Lyrs and Siy are giyen
in 14.4.5.2, 14.4.5.3 and 14.4.5.4. Derivatijonvof S| . and examples of calculations for Ly and Sy, are
provided |n Annex B. All strain compensation factors apply to pipe body strains.

The evaldyator shall report the inptityparameters and the resultant calculations for the Ly and [Sg;
strain compensations in the evaluation report.

In all strajn compensation formulae, the average value of the thermal expansion coefficient («,) shalllbe
assumed as the relevant miean of the local CTE values at the two temperatures bounding the applicaple
temperatyre range, as~determined in Task 3.2 Material Property Verification (see 13.3). Downward
extrapolation of measured CTE values might be required to determine the local CTE value at 5 °C.

Applicatidn of Lygs and Sp; strain compensations might require alterations to the testing sequence
prescribefl by Figure 16 and Table 24. For some geometry-length combinations, S; cgs might be larger
than Syy,. [f$; becomes negative, it shall be applied before the relevant boundary of cyclic temperatufes
is reached. Such application sequence 1s required to avold Introducing excessive Nigh-temperature
strain, which might be caused by holding the length of the controlled elongation interval (see 14.4.6.2)
constant until time to apply an adjustment strain; and to avoid unloading of the specimen string while
arriving at the prescribed target strain. If an alteration of the test sequence is required, any such
alteration shall be agreed between the assigner, the supplier and the evaluator.

Either positive or negative Lprs and/or Sp; compensations of absolute magnitude less than 50
microstrains can be ignored, subject to agreement among the assigner, the supplier and the evaluator.

14.4.5.2 Strain-length compensating factor

If a controlled elongation interval in a thermal cycle test contained only casing pipe of uniform strength,
and so did the field’s wells, the strain during testing could be matched to the field strain just by holding
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length of the controlled elongation interval constant during all heating and cooling load steps in the
test. The same approach would be equally valid if the proportions of stiff intervals (central regions
of connections) to casing pipe lengths were the same in a test as in the field. That simplicity is lost
when the proportions of stiff intervals to casing pipe lengths are not the same in both instances, and
corrections need to be made to preserve strain similarity in the differing lengths of pipe.

The corrections to achieve strain similarity are achieved by introducing a strain-length compensating
factor S| cpgiven in Formula (5):

( Jest Lﬁeld

S o =AT.cx therm therm )
e a1 [test JTield
mech mech
where

AT s the applicable temperature range;

a is the average value of the thermal expansion coefficient in the température range|AT;

a

anfl where the following length parameters depend on the specimen-string configuration selected
for] the thermal cycle test (see 14.4.6.1) and the field configuration simulated by that specimen string
configuration:

— Ltt?lsétrm is the length of the controlled elongation intexval;

— Ltr?lfetch is the length assumed to be deforming appreciably under mechanical forces|in the test
configuration, which is somewhat shorter than L{s.

— Liiﬁgm is the thermal-expansion lengthiin the field configuration that is simulated [in the test
configuration (i.e. having the 8ame number of connections), based on an assiimed pipe
joint length of 12,5 m (41 ft);

— Lﬁmeé(cih is the length assumed-to-be deforming appreciably under mechanical forces in the field
configuration, which'is somewhat shorter than Lftlﬁécrlm.

The evaluator shall determinej*or be responsible for determining, an effective stiff length of the

test

capdidate connection. Licss shall be adopted as Lo

mée minus a number of effective stiff lengths equal

to the number of connéctions within the controlled elongation interval. Lfcilf‘lfrlm shall be adopted as the
tyiical pipe joint Jength of 12,5 m (41 ft) times the number of connection specimens within the
trolled elongation interval (one or two or four). Lgfé‘gh shall be adopted as Lil}‘fgm minug the same

number of theeffective stiff lengths as contained within the controlled elongation interval.

co

Anhnex B provides a list of assumptions and resultant derivations of the formulae for calculating the
length{parameters listed above and the S| .. If any of the assumptions adopted for those calculations are
copsidered invalid in a particular evaluation program, then the assigner, the supplier and the|evaluator
shall agree on measures needed to account for those discrepancies in the evaluation procedure.

14.4.5.3 Lower-bound temperature strain compensation

The lower-bound temperature strain increment (Lypg) accounts for the difference between the test low
cycle temperature T, and the lower-bound temperature T}, defined by the ASL.

It is considered impractical to specify the ASL lower-bound temperature (5 °C) to be a uniquely
prescribed low cycle temperature, because most laboratories would have to employ powerful cooling
systems to bring the string temperature down to that temperature in every cycle. Instead, a higher
low cycle temperature may be selected; and if it is, then an additional mechanical strain is applied
to account for the difference between the selected low cycle temperature and the ASL lower-bound
temperature. This additional strain is first applied in compression at the low cycle temperature to
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simulate compression that the specimen string would have undergone had the test begun at the ASL
lower-bound temperature. Upon return to the low cycle temperature at the end of each thermal cycle,
the same amount of strain is applied in tension.

The additional strain Ly1g, resultant from constrained thermal expansion between T}.and Ty, in a field
configuration is equal to Formula (6):

field

_ therm

Lrrso =(Tie =Tw) * 0 | =g (6)
Linech

The valuelfor @, In Formula (6] shall be adopted according to the average thermal expansion coellficipnt
in the temperature range from Ty, to T, as determined in 13.3.4.
The correpponding strain in a test configuration is equal to the same strain as in the field configuratipn,

because the test string does not experience any constrained thermal expansion in thetemperatiire
range from Ty, to T).

Based on Formula (3) and Formula (6), the following Ly strain compensation shiall be applied in the
test procedure:

Lfield
therm r7)
Lfield ¥
mech

Lrrs F(Tie =Ty ) * 0y -

Caution: s determined by Formula (7) applies to average string&Strdin as determined in 14.4.6.4.

After the ptrain compensation Lyrg is first applied as a compressive strain at the beginning of the tgst,
the strainfmeasuring system is offset to indicate zero strain@ith the L;1g applied. This offset sequence
results infp vertical shift of the average-strain axis in Figute 16: from origin 0’ (before the initial offdet)
to origin () (after the initial offset).

14.4.5.4 [Temperature range strain compensation

The tempprature range strain increment Syyis introduced to account for potential non-uniformitjies
in the hept distribution along the specimén string, strain localization effects, and inaccuracies| of
temperatyre compensation of the elengation-measuring devices. All those potential impacts are
consideref to depend on the applied-temperature range.

This document specifies a colleetive strain compensation that amounts to 10 % of the mechanical strain
associated with the thermal@strdin corresponding to the temperature range between the lower-boynd
temperatyre and the upper-bound temperature for the selected ASL:

Lfield

Srio 40,1+ (T <Tip) - &+ |~ (8)
Lfleld

mech

The value[forie,'in Formula (8) shall be adopted according to the average thermal expansion coefficignt

in the tempetature range from T}, to T, as determined in 13.3.4.
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The corresponding strain-length compensating factor is equal to:
test field
Ltperm _ Ltherm )

Ltest N Lfield
mec

9

mech

Siers =(Typ =Tip) - 0 - [

Based on Formula (4), Formula (8) and Formula (9), the following Sg; strain compensation shall be
applied in the test procedure:

field test field
Ltllferm _(Ltiserm _ Ltll?erm )} (10)

Sri =(Tup ~Tib) * % - (0'1 _field | rtest  field
\ “mech \ “mech  “mech /)

Caption: Sg; determined by Formula (10) applies to average string strain as determineddn }44.6

i~

Se¢ applicable provisions in 14.4.5.1 if the above expression yields a negative value.

144.6 Set-up and instrumentation

1414.6.1 Test configuration
Allowable test configurations are:

— | one single string of four specimens,
— | two strings of two specimens,

—| four individual specimens.

When thermal cycle specimens are tested in two'strings of two specimens, one string shdll contain
Specimen 3 and Specimen 4 and the other string shall contain Specimen 5 and Specimen 6 (this
copfiguration requirement for two strings is_to ensure specimen selection procedures in 14.4.9 work in
alljcases).

The allowable test configurations are.illustrated in Figure 17. For each configuration, Figure 17 shows a
cofresponding length of the contradlled elongation interval (as described in 14.4.6.2).

The length requirements forsthe controlled elongation interval are shown only for one dnd of the
4-g4pecimen string assembly:.The same requirements apply to both ends of any specimen striing and to
alljtest configurations.
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1 = 1 -
LCEI
2 = O O -
LCEI
l‘i’
3= = = = =
l LCEI l
o o
L |
(50 - 66) % x L, (50 - 66) % x L,

Key
1  1-spedimen string
2 2-spedimen string
3 4-spedimen string

Figure 17 — Allowable configurations for.thermal cycle test

14.4.6.2 [Controlled elongation interval

In order tp control global (and average) strain of a specimen string, axial deformation of the specinmjen
string (i.g. its elongation or shortening) shall be)measured and controlled over an interval thaf is
referred tp as the controlled elongation interval.The controlled elongation interval shall:

— include all test specimen connections)assembled in the specimen string (can be one, two,|or
four ¢ouplings or integral connections); and all intermediate pups between adjacent connectjon
specilmens assembled in-series;

— include at least half but no more than two-thirds of each casing pup between an end fixture and the
nearest connection specimen;

— be wholly includedsin-the insulated portion of the specimen string (and thus be at “uniform
tempé¢rature during-the various stages of the test).

Instrumentation ‘useéd to control axial deformation in the controlled elongation interval shall |be
configurefl so that no significant loss of accuracy results from temperature effects due to cyclic heat|ng
and cooling-of.the spec1men string. Variations less than +5 % of the controlled elongation interval’s
free thernaz jon
coefficient a, shall be considered acceptable Larger variations may be accepted for pract1cal reasons
by agreement between the evaluator and the assigner, noting that global strain is primarily controlled
to be zero in the thermal cycle test.

Control of a specimen string’s elongation within the controlled elongation interval should be based
on measurements acquired by linear potentiometers sufficiently far from the insulated surface of the
specimen string to minimize heat effects on the instruments. Two potentiometers on circumferentially
opposing sides of the specimen string should be used to provide an indication of any string curvature
developing in the plane of the instruments, and to provide elongation measurements insensitive to any
curvature effects by averaging the two potentiometers’ outputs.

When possible and practical, strains in individual casing pups should be acquired, so that strain
distribution along the specimen string could be assessed, and local strains could be compared with the
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average string strain within the controlled elongation interval. Additionally, connection loads imposed
during the thermal cycle test will be much less susceptible to any error in determination of the

: test test
difference between Ly i Liyech

segments over strain in the controlled elongation interval, when differences might arise.

and if testing control emphasizes strains in individual casing

14.4.6.3 Effective string length

For the purpose of controlling strain in a specimen string, an effective string L shall be adopted equal

Ltest

to length L., thatis assumed to be deforming appreciably under mechanical forces in the thermal

cy

me
pu

For

int

le test, which 1s introduced 1n 14.4.5 and calculated according to formulae 1n Annex b:

_ rtest
ff — Lmech

L

e

e above formulation of the effective string length is considered suitable~for applicat
chanical strain compensations in a thermal cycle test. Use of the effective.string length
Fposes shall be agreed between the assigner, the supplier and the evaluator.

each specimen string, the relationship between the elongationin the controlled ¢
erval and the strain imposed by mechanical tension and comprgession shall be verified pr

(11)

on of the
for other

tlongation
ior to test

cojnmencement. This can be done by applying modest axial loads tojthe specimen string (withjin 30 % to

50
fra
by

Sty
rel

Th
ev
eff
ob
un
ac

thil
Th

Th
me

14
Av
Av

% of pipe body yield) and comparing the load-elongation-strain measurements to result:
m closed-form load-deformation and stress-strain formulae; or by an alternative method
the assigner, the supplier, and the evaluator.

ain gauges and/or local-strain measuring devices should also be placed on individual casi
ate global elongation measurements to local strains.

e assumed effective string length and the’verification measurements shall be review
hluator and the inspector to verify accuracy of the strain control system and correctn
pctive string length calculation. Some'discrepancies might result from that review, i
fained load-elongation measurements-might indicate that the string length deforming aj
Her the applied mechanical loads}is somewhat different from the effective string length
ording to Formula (11). This can be due to, for example, variations between the actual
ckness and the thickness assitmed in Annex B calculations, or other string-configuration ¥
pse discrepancies should be resolved by agreement between the evaluator and the inspect

e evaluator shall réport the determined effective string length and the acquired v
asurements in the €valuation report.

4.6.4 Average’string strain
brage string strain shall be used to control loading of a specimen string in the thermal cycl

brage string strain shall be calculated by either of the following alternatives:

obtained
as agreed

ng pups to

ed by the
ss of the
that the
ppreciably
assumed
pipe wall
rariations.
Or.

brification

le test.

It elongation of the controlled elongation interval 1s measured but pipe strains in individ

ual casing

pups are not measured, calculate the average string strain by dividing the elongation of the specimen

string within the controlled elongation interval by the effective string length.

If elongation of the controlled elongation interval is measured and pipe strains in individual

casing pups are directly measured without including stiff lengths in the strain meas

urements,

determine the average axial strain based on the combination of the acquired elongation and strain

measurements as agreed by the assigner, the supplier, and the evaluator.

As mentioned in 14.4.5.1, expressions provided for Lppg and Sg; apply to pipe body strains. If the
latter method of obtaining average string strain (from the two methods listed above) is employed,
the expressions for Lypg and Si; might have to be adjusted depending on the method of controlling the
average string strain, as agreed by the assigner, the supplier, and the evaluator.
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14.4.6.5 Axial force
The following terminology related to axial forces is adopted:
— Axial force - a force acting in the direction of the symmetry axis of the pipe or connection

— External axial force - an axial force applied to the test specimen by external test fixtures (e.g. load
frame actuator)

— Capped-end axial force - an axial force resulting from capped-end effect of internal pressure

— Speciemaxtat force — am axtat force experienced by the test SPecimen aue to combined effecty of
external axial force and capped-end axial force.

External gxial force applied to each specimen string shall be measured and recorded througheut each
thermal cycle test.

When a s|ngle specimen string is tested in a hydraulically-driven testing system, the“external ayial
force can|be measured using differential pressure acting on the hydraulic acfuator, provided |no
appreciable axial force is reacted by the end fixtures installed between the actuator and the specimen
string. A fedundant force measurement by a load cell installed in-series with_the specimen string is
recommended, since the actuator might not be free of frictional drag if the'piston becomes misaligjed
in its cylinder.

For multiple strings tested in parallel, external axial force actingon each specimen string shall|be
measured independently.

Load cell used for axial force measurement shall be configured so that no appreciable loss| of
accuracy tesults from temperature effects due to cyclic heating and cooling of the specimen strings.
Temperatire-compensated instrumentation should be\used, or the load cells should be cooled|to
minimize ftemperature-related loss of accuracy, or bath, of these techniques might be utilized. Load ¢ell
errors lesg than +3 % of the true force shall be considered acceptable. Differences larger than +3|%,
between gxial force measured by a load cell and«axial force measured by actuator pressure, should|be
investigatied and resolved.

14.4.6.6 String insulation

Each speg¢imen string shall be covered with thermal insulation to minimize heat loss at elevated
ire and to distribute the-heat as uniformly as possible along the string.

The insulation shall cover theZéntire controlled elongation interval, plus an additional length of at lepst

Heating of the specimen string may be accomplished by any means capable of producing sufficiently
eratures throughout the length of the controlled elongation interval, such as heat pads|or
lnductlon l' I‘l‘-l:-!!- a S . SNnd nNo ll .S DS -l- cmpera ‘I eren 2SS DE en
components of the specimen string, in particular between adjacent specimens or between adjacent pins
and boxes.

Rate of temperature change at any thermocouple location along the specimen string during heating
shall not exceed 5 °C (9 °F) per minute.

14.4.6.8 Cooling

Cooling of the specimen string from the high cycle temperature to the low cycle temperature by ambient
air might take a long time, which is likely to be undesirable in most evaluation programs. The following
cooling options are permitted:

— natural cooling by ambient air;
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— accelerated cooling by forced convection cooling with ambient air;

— accelerated cooling by circulating water or other cooling fluid inside or outside the string, as long as
it does not interfere with the leakage detection system.

The cooling fluid should be restricted from contacting hot connection surfaces. For example, this can
be accomplished by circulating the fluid inside a mandrel that is inserted inside the specimen string
(also see comments about the internal mandrel in 14.4.6.10). The cooling apparatus shall not induce
substantial temperature differences between components of the specimen string, in particular between

connected pins and boxes.

ThE assigner, supplier and evaluator shall agree on either natural or accelerated cooling attHe onset of

the¢ evaluation program.

Ra(Ee of temperature change at any thermocouple location along the specimen string during cooling

should not exceed 5 °C (9 °F) per minute.

1414.6.9 Temperature measurements

Temperature of the specimen string shall be measured by thermocouples. Multiple therimocouples

shall be used to permit assessment of temperature distribution alongthe specimen string and facilitate

controlled input of heat during temperature excursions.

As|a minimum, thermocouples shall be placed in the following-axial locations of the specimen string

ingide the controlled elongation interval:

—| on casing pup bodies within 10 cm (4 in) from eachconnection, with the distance measpired from
each box face or, for integral connections, from the external upset;

—| for threaded-and-coupled connections, at théaxial centre of each coupling; for integral connections,
near the axial centre of the increased-dianieter interval of the box component;

—| in the centre of each pup belonging to‘two specimens within the specimen string;

—| on casing pup bodies at ends ofthe controlled elongation interval.

Additional thermocouples may ‘be ‘placed outside the controlled elongation interval, or anywhere else,

to provide enhanced data on'temperature distribution along the specimen string.

At|least one thermocouple shall be placed in each axial location. Redundant thermocoupl¢s may be

pldced around any cirfeumference to ensure continuing measurements in case of thermocouple failure.

Cifcumferential {ogation of a thermocouple may be arbitrary when a specimen string is tested in a

vertical orientation. For horizontal testing orientation, thermocouples should be located ds close as

practical tothe horizontal symmetry plane of the specimen string.

Allthermecouples except those that have failed shall be considered active thermocouples.

Falled‘thermacouples within the controlled elongation interval shall he replaced as soon as it ik practical

to do so. Failed thermocouples outside the controlled elongation interval should also be replaced. Use of
pre-installed, redundant thermocouples is equivalent to thermocouple replacement.

14

4.6.10 Internal mandrel

A pressure-tight internal mandrel or filler bar may be inserted inside each specimen string.

Rationale for the use of the mandrel or filler bar is to:

— reduce the volume of gas used to pressurize the string, and consequently reduce the energy stored

in the compressed gas;
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— provide additional bending stiffness to reduce potential for local buckling of the specimen string
under compression;

— optionally, when a hollow mandrel is used, provide a conduit for circulating cooling fluid. The
circulation of fluid through the mandrel allows accelerated cooling of the specimen string in each
thermal cycle.

The internal mandrel should be dimensioned to reduce the internal specimen string volume significantly
but shall not result in any diametral interference with the connection specimens. The internal mandrel
should provide sufficient lateral support to resist the specimen string’s column buckling tendencies and

keep the specimen-stringas cfrmghf as prnr‘hr‘n]

To maxirr]ize specimen string straightness, the mandrel should be sleeved or shimmed at each tested
connectiop, if necessary, to leave its effective outside diameter no larger than the specimen string’s
drift dianjeter and no smaller than the drift diameter minus 2 mm (0.080 in). The mandrehshould|be
sleeved of shimmed at both ends, if necessary, such that diametric clearance is betweéen 2 mm gnd
4 mm at those locations. If used, sleeves or shims shall be firmly attached to the mandrel and Iqng
enough to|account for relative movement.

Some add]tional mandrel design guidelines are:

— The nmhandrel should be resistant to collapse at pressures and tempetatures corresponding to the
high dycle temperature.

— The mandrel should be as long as possible while allowing fgp ‘enhd clearance and accounting [for
thernjal expansion differences between the specimen stringiand the mandrel.

— Tempkprature degradation of the mandrel’s strength should be accounted for in the design.

— Desigph conservatism of the mandrel should be genergus as mandrel failure would be detrimental to
the eyaluation. Possible conservatism could include:

|
QL

bsuming the specimen string is moment:free at end fixtures, intermediate supports and other
bntact points between the specimen-string and the mandrel;

(@]

— es$timating the specimen string’s maximum axial load conservatively and assuming maximyim
ppssible lateral displacement 6f the specimen string;

— igcluding the mandrel’s calculated bending stress in collapse calculations and using large deslgn
fgctors.

— Mandfrel lateral deflection should be minimized, with calculated lateral deflection no larger
than [L/200th of the(Span between lateral restraints being a realistic design goal if the mandrel
is corsidered a simiple beam between each pair of lateral restraints. One or more laterally stiff
external supperts should be considered if this deflection design goal cannot be achieved withput
such ¢xternalsstipports. External supports should not contact the specimen string within one pjpe
diameterofany connection specimen.

14.4.6.11 Internal pressure

Internal gas pressure shall be applied with a dry, inert gas such as nitrogen. As an option, a 5 % helium
tracer gas may be added.

Internal pressure in each specimen string shall be measured continuously during the test and recorded
by the data acquisition system. System pressure monitoring accuracy shall be consistent with applicable
guidance provided by ISO 13679, unless otherwise agreed by the assigner and the evaluator.

14.4.6.12 Data acquisition

A computerized data acquisition system shall be used.
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As a minimum, the data acquisition system shall enable acquiring and recording the following data
continuously during each test, except for test maintenance periods:

— Temperatures at all thermocouple locations;

— Elongation of the specimen string within the controlled elongation interval (this should be equal to
zero or Ly for most load steps);

— Average string strain (calculated from the elongation measurement above);

— Axial stroke of the test frame actuator;

— | External axial force imposed on the specimen string;
—| Internal pressure;
—| Seepage from each connection;

—| Date and time.

o

Thi following minimum data acquisition frequency is recommended forthe thermal cycle teq
—1 0,5 Hz during heating and cooling;
— 0,25 Hz during constant-temperature holds;

—1 0,05 Hz during each unrestrained portion of the bakeout.

14{4.6.13 Test frame and instrumentation checks

Intlegrity of the test assembly and accuracy of instrumentation measurements shall be chegcked, and
where possible also verified, prior to test comiiéncement.

As|a minimum, the scope of the assembly*checks shall include:
—| Specimen string elongation measurements and/or other measurements to be used for strafn control;

— | Specimenstring pressure integrity (e.g. by applying axial compression-tension and internal pressure
up to 10 % of equivalentyield stress);

— | Pressure integrity of.the internal mandrel;
— | Connectivity apd\clearance of seepage measurement lines;

— | Functioningof'data acquisition system.

14{4.7 Testprocedure

14{47.1 Specimen configuration

The thermal cycle specimens shall be tested either individually or in a string assembly. In any
configuration, all thermal cycle specimens shall be subjected to the same load steps, as described below.

14.4.7.2 Load steps

Table 24 contains the load steps for the thermal cycle test. Path indicators (points P, Q, R, S, W, and X)
indicated in Table 24 are consistent with Figure 16. Symbols used in Table 24 are explained in 4.2.

Average pipe strain upon test initiation in load step 0.1 is indicated as 0", because the zero-strain
position is reset ("re-zeroed") twice in later load steps. The first such reset takes place in load step 0.5,
after a series of elastic loading and unloading. That re-zeroed strain is denoted as 0'. The second strain
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reset takes place in load step 0.8, after the Lyg strain compensation is applied. The zero-strain position
after that load step is denoted as 0. The 0'-strain and 0-strain positions are illustrated in Figure 16.

In load step 0.3 and load step 0.4, internal pressure and external axial forces are applied by mechanical
compression and tension to target specimen axial force magnitudes -F33, and +F33,, which respectively
denote the compressive and tensile specimen axial forces producing equivalent stress equal to 33 % of
the pipe-body nominal yield strength at room temperature.

In all other load steps of the thermal cycle test that involve non-zero specimen axial loads, the

magnitudes of those axial loads shall result from the controlled temperature excursions, strain
compensations, andinternal pressure

Internal pressure shall be applied as indicated in Table 24. For the majority of the load steps, the target
pressures| correspond to the saturated-steam pressure-temperature relationship (see 9.2Cand 9]3),
although in some load steps an arbitrary pressure value has been selected for practical reasons. In the
load stepg that involve changes of both pressure and temperature, those changes should be appljed
so that the saturated-steam pressure-temperature relationship is followed as closelylas practicall It
is acknowledged that the sequence of the pressure and temperature application dh,the thermal cyle
test is sorhewhat different from the corresponding sequence used in Task 2.2 Specimen Configuratjon
Analysis (see 12.3), for reasons explained in 6.5.7.

Average sfring strain in Table 24 refers to the average axial strain of the specimen string, as defined in
14.4.6.4. In order to achieve pipe body strain in the specimen string that'is equivalent to the pipe bqdy
strain in the simulated field configuration, the target strains in the test'procedure are compensated ffor
strain-length effects and other influencing factors by applying Ly¢gs and Si; compensation factors,| as
determingd in 14.4.5.

In load stlep 1.3, the prescribed default hold time is 120@urs. This hold constitutes the specinjen
bake-out, |which is needed to allow temperature- and tire-dependent property changes to occur] in
the test specimens (e.g. changes in dope consistencyyand steel relaxation), so that their conditioy] is
representptive of connections subjected to long-term\field loading (see 6.5.6). Given that those property
changes i general depend on external loading, the’evaluation procedure requires conducting the 120-
hour specimen bake-out under compression, astresultant from the prescribed loading sequence.

If conducting the default hold under compréssion is not possible in load step 1.3 for practical or other
reasons, then by agreement between the‘assigner, the supplier, and the evaluator, a pre-test bake-put
may be cqnducted on each specimemnin an unconstrained condition prior to the thermal cycle test] In
that case,[the duration of the hold in load step 1.3 shall be the longer of 24 hours and the difference
between [[20 hours and the pre-test bake-out. If the thermal cycle test is conducted on individpal
specimens$, this provision shall apply to each specimen separately. If the test is conducted on a mulflti-
specimen|string, then the“hold in load step 1.3 shall correspond to the longest duration required [for
the specimens included‘in that string. All cases when the bake-out in load step 1.3 differs from the
default of]120 hourstunder compression are considered deviations from the procedure prescribed|by
this docuinent and\shall be reported as such in the evaluation report.

In load stg¢p ElyYaverage string strain measured after completion of the last thermal cycle and durjng
unloading 6fthe specimen string from zero average string strain (point Q in Figure 16) to zero lgad
(point X in Figure 16) is assumed as a residual post-cycle strain. The absolute magnitude of that strain
is denoted as epg. Typically, the residual post-cycle strain can be expected to be compressive, in which
case “epg” will be a negative value.

If the thermal cycle test is conducted on a single 4-specimen string, then the ey value obtained for
that string shall be adopted as the average post-cycle strain &g, for use in the limit-strain test. If the
thermal cycle test is conducted on multiple strings, then e, shall be calculated as the average of the
e values obtained for all specimen strings. For example, if upon unloading from point Q to point X,
average string strain changes from 0 to -500 microstrains, then the value referenced as - e in Table 24
will be =500 microstrains. If this strain magnitude is also assumed for the average post-cycle strain,
then the ey, value used in the limit-strain test (see Table 25 and Table 26) will be +500 microstrains.
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14.4.7.3 Criteria for achieving target temperatures

Prior to beginning any hold interval, temperatures measured by all thermocouples inside each
controlled elongation interval shall be within the following limits:

— at pipe body locations: within #10 °C from the specified target temperature;

— at coupling locations and within increased-diameter sections of integral-connection boxes: from
-20 °C to +10 °C from the specified target temperature.

Best effort shall be exercised to keep all temperatures inside each controlled elongation interval within
the above[limits throughout the duration of each hold.

14.4.7.4 Permanent deformation of test pipes

While thi$ document prescribes consistent specifications for geometrical and materiab-propertieq of
all thermal cycle specimens, some variations of those properties can still occur, and lead to strength
contrasts|between individual specimen components. During thermal cycles, loading of the specinjen
string is cpntrolled on global strain, and strength contrasts between individual pups can lead to strain
localizatign and non-uniform distribution of plastic strain.

It is recommended that the permanent deformation (plastic strain) femaining after the therrpal
cycle test|should be assessed for each casing pup of each thermal cygle‘specimen. This assessment is
recommended to indicate if any significant strain localization occufted in the specimen components.
Such 1nf(]:‘mat10n can be useful as auxiliary performance data ‘and/or in excluded connectjon
considerations.

Recommepded procedure for assessment of permanent specithen deformation:

— upon Jassembly of specimens for the thermal cyclettest, measure distances between the two hox
comppnents attached to each casing pup (coupling face or end cap face might be chosen a
convenient reference), to obtain initial undeformed lengths;

UT
QO

— measlire the same distances after the thefmal cycle test, to obtain post-test deformed lengths;

— for eafch pup, divide the difference between its initial undeformed length and its post-test deformed
length by its initial undeformed length. This ratio can be considered representative of the permanent
deformation (elongation or shottening) of that pup.

Each meagured permanent pup deformation shall be reported in the evaluation report.

14.4.8 Performance assessment

The following threshold performance requirements for the thermal cycle test are provided for referefce
purposes |in accordance with the adopted assessment criteria and result interpretation specified| in
6.3.6 and p.3.10pand in accordance with assumptions for seepage thresholds described in 6.5.3.

A candidqteZéonnection shall be considered to have met threshold performance requirements in the
thermal cycle test if all of the following conditions have been satisfied for all connections included in
the thermal cycle specimens, except any excluded connections:

a) No structural failure has occurred;

b) Per-connection average seepage rate for holds at high cycle temperature does not exceed 1 ml/
minute, except as allowed by 6.5.3;

c) Per-connection average seepage rate for holds at low cycle temperature does not exceed 10 ml/
minute, except as allowed by 6.5.3.

Per-connection average seepage rate for each connection in each loading condition shall be calculated
in accordance with 14.2.4.4.
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All the above seepage rate thresholds apply to each individual connection - i.e. not to a connection
specimen unless it is an integral connection specimen, and not to test strings with multiple specimens.

Any seepage that exceeds 0,06 ml/min over any 15 min interval (1 ml in 15 min) shall be identified in
the evaluation report. This threshold rate is consistent with ISO 13679; this document does not consider
it to be a pass-fail criterion but specifies it as a reportable threshold.

Average per-specimen seepage rates (i.e. for two connections in a threaded-and-coupled specimen) at
the high cycle temperature and the low cycle temperature should be calculated and documented for
information purposes.

144.9 Selection of cycled specimens for bend test and limit-strain test

Following completion of the thermal cycle test, the thermal cycle specimens shall be ranked|according
to their structural behaviour and sealability performance in the thermal cycle test,.to enablg¢ selection
of thermally-cycled specimens for the bending evaluation and the limit-strain test.

The following selection procedure shall be applied:
a) | remove all specimens that contain excluded connections from further selection;

b)| from the remaining set of thermal cycle specimens, select théspecimen with the conngction that
seeped at the highest average rate at room temperature in-all-cycles, and designate that{specimen
as Specimen RX for use in Task 4.4 Limit-Strain Test;

c) | from the specimens that remain available after the selection of Specimen RX, select the[specimen
with the connection that seeped at the highest average rate at room temperature in all dycles, and
designate that specimen as Specimen RY for use.itv Task 4.3.2 Bend Test.

14{4.10Reporting

As|a minimum, reporting of Task 4.2 Thexrral Cycle Test shall contain the following items:
— | Identification of candidate connection specimens submitted for this test;

— | Description of any excluded connections, as required in 14.2.6;

—| Calculated values for strain compensations Lyrg and Sgy;

— | Overall descriptionlofithe test set-up, including a schematic showingthe test configuration, fontrolled
strain interval, teriperature control points, heating/cooling elements, and seepage detectjon points;

—| Photographs of the test set-up and specimen string(s) installed in the test frame;
— | Locatiefis‘of installed thermocouples;

— | Determined effective string length;

— L Performed test frame and instrumentation checks;

— For each load step executed per Table 24, at the beginning, midpoint, and end of that load step:
date and time, cycle and load step number, measured temperatures, measured deformation within
controlled elongation interval, average string strain, external axial force, and applied internal
pressure;

— For eachload step with a hold at stable conditions: hold duration, and average seepage rate in excess
of 0,06 ml/min from each connection.

14.5 Bending evaluation

Execution of Task 4.3 Bending Evaluation is optional at the assigner’s discretion. The decision to conduct
or not to conduct those tasks shall be documented in the evaluation report.
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Rationale

and recommended procedures for the bending evaluation are provided in Clause D.5.

14.6 Limit-strain test

14.6.1 Task description

The limit-strain test is a full-scale test conducted on two specimens of the candidate connection. This
test constitutes Task 4.4 of the evaluation procedure (see Figure 6). Task 4.4 contains two subtasks:
Task 4.4.1 Localized Strain Seepage and Task 4.4.2 Tension Limit. Those two. subtasks are structured
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safety and potential for equipment damage-associated with sudden release of the substantial energy
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extra-scope test, with its rationale(practicality and feasibility determined by agreement between

assigner,

and safety requirements.

14.6.2 Rationale and ebjectives

Loading qf casing strings in thermal wells is dominated by constrained thermal expansion, wh
eads to\casing yielding and appreciable post-yield deformation of the entire casing stri
pre, mechanical strain induced by the constrained thermal expansion can be non- unifo

typically
Furtherm
along the ¢

greater thia

ntal set-up and a continuous test execution procedure. The subtask numbermg sequel
ds to the order in which the two tasks would be executed in a physical test.

of Task 4.4.1 Localized Strain Seepage is optional at the assigner’s discretion. Thédecision
br not to complete Task 4.4.1 shall be documented in the evaluation report.

of Task 4.4.2 Tension Limit is mandatory.

quired in Task 4.4. Limit-Strain Test will include key performance measures obtained in T:
can include auxiliary performance data obtained in Task 4.4.1. Regdrdless of the execuf
hcquired results shall be documented in the evaluation report.

te understanding of the overall scope and provisions for’Task 4.4, objectives and set
nts for both Task 4.4.1 and Task 4.4.2 are described together in 14.6.2 and 14.6.5.

5 14.6.3, 14.6.4, 14.6.6, 14.6.7 and 14.6.8, describe requirements for the test specimens, t
up, procedure, and performance assessment for Task 4.4.2 Tension Limit.

in D.6.3 is for executing both Task 4.4.1 afid Task 4.4.2 in a single test set-up and load

hized that compressed gas stores a large amount of elastic energy. No to-failure testing sho
med with gas pressure (even atlow pressures) because of concerns regarding person

bd gas. If a to-failure test with.gas pressure is nonetheless desired, it can be conducted as
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In field applications, strain localization can occur due to axial variations in string geometry (cross-
sectional area) and material properties (yield strength, post-yield stiffness). The magnitude of strain
localization is also influenced by cement support. For example:

— If the entire string is perfectly constrained from any axial movement, then no strain localization

will o

Ccur.

— Ifevery coupling is constrained from axial movement but the pipe body is free to move axially, then
strain localization can occur within a single joint.
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— If some couplings are constrained from axial movement but other couplings and the pipe body are
free to move axially, then strain localization can occur along multiple joints.

Frictional interaction is generally expected to exist between the pipe body and cement so the “effective
free length” for strain localization can be a non-integer multiple of the joint length. Due to variability
in manufactured casing geometry and material properties and uncertainty in downhole conditions,
strain localization can be expected to take place in field operations but the magnitude of the strain
localization is uncertain.

Knowledge of the structural limit of the candidate connection is of critical importance in the process
of the connection evaluation and therefore Task 4.4 2 Tension Limit is mnnr‘]afnry (H'\ic nnproach is

anplogous to ISO 13679 and API Specification 5C5).

In faddition, the assigner should carefully consider intended applications of the candidate connection
when deciding whether to commission the optional portion of the limit-strain-test, i.e. Task 4.4.1
Lofalized Strain Seepage. Performing that task is recommended whenever one of)more of the following
circumstances occur:

— | Substantial strain localization is expected during thermal cycles in fi€ld-service;
— | Significant strength contrasts are possible in the well-completion‘easing string;
—| Likelihood of discontinuous cement support cannot be excludéed;

— | The candidate connection is being qualified for a variety;ef applications.

Baped on the above considerations, the following objectives are specified for the two tasks of the limit-
strfain test:

—| Task 4.4.1 Localized Strain Seepage (optional): assess the candidate connection seajability in
conditions of strain localization, under strains greater than the average mechanical strajn induced
by constrained thermal expansion.

—| Task 4.4.2 Tension Limit (mandateky): assess the candidate connection structural int¢grity and
tension limit under increasing axial-tensile strain.

1416.3 Limit-strain specimens

Twjo connection specimen§ shall be subjected to the mandatory Task 4.4.2 Tension Limit:
—| Specimen 1, a make-break specimen that has not been thermally cycled;

— | Specimen RX, a‘thermally cycled specimen (see 14.4.9 for selection procedure for Specimen RX).

Collectivelythe above two specimens are referred to as limit-strain specimens.

14{6.4 Mandatory test description

14.6.4.1 Scope of mandatory test

The mandatory part of the limit-strain test (Task 4.4.2) consists of pulling a connection specimen to
failure by gradually increasing the axial tensile strain at ambient temperature. The pull-to-failure
loading is performed on each limit-strain specimen with no substantial internal pressure and no
sealability checks. Small internal pressure with water can be applied to help detect failure.

If the mandatory Task 4,4,2 is executed together with the optional Task 4.4.1 in the same test setup,
then the combined test procedure provided in D.6.3 and D.6.4 should be followed to prevent specimen
failure under gas pressure.
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The loading sequence for the mandatory part of the limit-strain test is specified in Table 25 for Specimen
1 and in Table 26 for Specimen RX (see 14.6.6.2). The loading consists of progressively increasing tensile
strains. The total strain range from zero to failure is divided into three strain intervals:

a) Strain interval 1 (“comparative assessment range”) - tensile strain increases from zero to the
average strain applied in the thermal cycle test. Structural response of each limit-strain specimen
is compared to the performance of the specimens subjected to the thermal cycle test.

b) Strain interval 2 (“localized strains”) - tensile strain continues to increase to a localized strain
value (defined in 14.6.4.2), which is higher than the average thermal strain experienced in the

thermal r‘yr‘]p test. Structural integrity is assessed

c) Strain interval 3 (“structural limit range”) - tensile strain continues to increase until struictijral
failur occurs or a decrease of external axial force with increasing strain is observed.

Constant-ptrain holds in each strain interval shall be performed as given in 14.6.6.2-(Table 25 gnd
Table 26).

14.6.4.2 [Localized strain value

Localized|strain value is selected to approximately correspond to the magnittde of pipe strain that ¢an
be experi¢nced downhole by the casing pipe-connection assembly when strain localization occurs.

For the pyrpose of the limit-strain test, the localized strain value shallbe the greater of:

— three|times the free axial expansion strain that would be\induced by temperature excursigns
betw¢en the lower-bound temperature (5 °C) and the uppér-bound temperature of the selected
ASL;

— 1,5 %|pipe strain.

14.6.4.3 [lensile strain threshold

A connectjion subjected to increasing tensilestrain can fail by material fracture or by thread jump-dut.
Whatever|the mode of failure, the connection’s design should maintain its structural integrity ungler
strains thpt are somewhat higher than the strains expected in field service, to allow for a reasonaple
safety factor. A tensile strain threshold‘is adopted as the minimum tensile pipe strain below which the
connectiop needs to maintain structural integrity.

The tensile strain threshold shall be the greater of:

— five times the free axial-expansion strain that would be induced by temperature excursions betwegen
the lower-bound temperature (5 °C) and the upper-bound temperature of the selected ASL;

— 3 % pjipe strain.

14.6.4.4 BStrain increments

Specimen loading in the limit-strain test is controlled by application of discrete strain increments.

In Strain interval 1, each target strain can be achieved in a single strain increment consistent with the
required loading.

In Strain interval 2 and Strain interval 3, each target strain shall be achieved by applying strain
increments Ag;; that shall be targeted to be equal to or less than 0,1 %.

If any applied strain increment differs from the target strain increment, then the next strain increment
shall be adjusted to compensate for the difference.
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14.6.5 Set-up and instrumentation

14

.6.5.1 Test configuration

The limit-strain test can be performed in any test configuration that gradually applies tensile axial
strain to the test specimen.

If optional Task 4.4.1 is performed, the test configuration for Strain intervals 1 and 2 (see 14.6.4.1) shall
allow application of internal pressure with gas and seepage monitoring (see 14.2.4). The volume of gas
used to apply the internal pressure should be minimized, to reduce the energy stored in the compressed
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erval 3, the use of water pressure (or no internal pressure) will reduce the amount-of stor
fhe test medium, while still allowing determination of the connection strain limit/(Task 4.4

=TS Tan be aciieved by USE of amm Iternal manaret or fitterbars. Appropriate safety meay
0 be in place in the event of an unexpected connection failure and release of gas pressure:

in internal mandrel or filler bars are present, they shall not impede diamettic contract
t specimen, and shall not interfere with the axial load applied to the test speCimen. Befor
evaluator and the supplier should consider the mandrel-fitting considerations outlined in
] jointly determine the minimum diametric clearance needed to prevent the mandrel
erference on properties and configuration of those parts. After:the test, the evaluato
pector should visually inspect the test specimen and confirm that'no undesirable interfe
ten place.

ure 18 schematically illustrates an example of a test setrup that accommodates the nee
5ks 4.4.1 and 4.4.2. Only the test specimen and its intexrnal and end fixtures are shown. A
ndrel with a pair of elastomeric seals is used to cteate a small annular space spanning
ation of the coupling. This annular space is filled’with the gas test medium and conne
ernal gas pressure source through a length of small tubing. The remaining volume v
ecimen is filled with liquid (water). The gas an@d*liquid pressures should be applied simulta
ance the loads acting on the elastomeric seals. The end fixtures include appropriate blee

sure all gas is vented from the remainingwolume when it is filled with liquid.
2 3
1 \ 1
1 k
_——a

end fixture

ures shall
For Strain
ed energy
.2).

ion of the
e the test,
14.4.6.10,
specimen
r and the
rence has

s of both
n internal
the axial
rted to an
vithin the
heously to
d ports to

Small annular space filled with gas

oM N O U WN

©lI

tubing for gas supply

remaining interior volume of specimen filled with liquid
elastomeric seals

internal mandrel

equal gas and liquid pressure applied simultaneously
gas

liquid

Figure 18 — Illustrative example set-up for limit-strain test
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The end fixtures should be designed so that they are stronger than the test specimen, in order to allow
straining of the test specimen beyond its ultimate strength without a risk of failure in the end fixtures.

14.6.5.2 Internal pressure

If gas is selected to apply pressure in the annular space inside the coupling (or integral connection),
then it shall be applied with an inert gas such as nitrogen. Internal liquid pressure in the remaining
interior volume, if present, should be applied with water.

For the test configuration illustrated in Figure 18, external test fixtures should be configured to ensure
that equalgasamdtiquid pressure witt beapplied simuttameousty tothespecimeninteriorso that there
is no net differential pressure across the elastomeric seals.

Any gas remaining in the test specimen after completion of sealability checks in Strain interval 1 gnd
Strain int¢rval 2 should be fully vented, and checked to have been vented, to ensure complete relief of
gas pressuire prior to commencements of structural failure steps in Strain interval 3.

14.6.5.3 [Average pipe strain

In Task 4.4, the average pipe strain in a limit-strain specimen is described as‘the’'mean of the pipe-bqdy
axial tens]le strains in each casing pup belonging to that specimen.

The test spt-up shall be configured so that the average pipe strain candbe determined at each load step
required by the task execution procedure.

Redundant strain measurements should be adopted for determination of the average pipe strdin.
Possible npethods to provide redundant measurements are:

— use of LVDTs or linear potentiometers measuring elonigation over a defined interval including the
specilnen connection(s) and converting this measuirement to a "global" average strain, in a similar
way ds the average string strain is determined i a thermal cycle test (see 14.4.6.4);

— use of strain gauges on each casing pup;

— calibrjation of stroke of the test frame's actuator to average strain in the casing pups.
The following cautions should be conSidered:

— specimen fracture shock can be destructive to displacement-measuring instruments;

— strair] gauges typically haie a strain measurement range up to between 3 % and 4 %, and additiopal
strain} measurementtechniques need to be employed for strains beyond that range.

If redundpnt measurements of the average pipe strain obtained with various methods described
above are|inconsistent and their reconciliation is impossible or impractical, it is recommended that the
"global" ayerage strain be treated as the measured strain.

14.6.5.4 Data acquisition

A computerized data acquisition system shall be used.

As a minimum, the following data shall be acquired and recorded continuously during the test, except
for test maintenance periods:

— Specimen elongation, if used to determine average pipe strain;

— Average pipe strain, as derived from the above elongation measurement, and/or directly measured
by strain gauges, or other method;

— Axial stroke of the test frame’s actuator;

— External axial force;
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— Internal pressure, when applied;
— Seepage from each connection, when measured;
— Date and time.

Additionally, pipe diameters midway between each connection and the end fixtures shall be measured
and recorded before and after each limit-strain test.

The minimum data acquisition frequency of 0,5 Hz is recommended for the limit-strain test.

14{6.5.5 Test frame and instrumentation checks

Intlegrity of the test assembly and accuracy of instrumentation measurements shall-be’chgcked, and
where possible also verified, prior to test commencement.

As|a minimum, the scope of the assembly checks shall include:

—| instrumentation and measurements to be used for strain control;
—| functioning of data acquisition system.

If the optional Task 4.4.1 Localized Strain Seepage is performed, thé.scope of checks shall als¢ include:
—| specimen pressure integrity;

— | connectivity and clearance of seepage measurementlines.
14{6.6 Mandatory test procedure

1416.6.1 Specimen configuration and general requirements
Eath limit-strain specimen shall be tested.individually.

Specimen 1 and Specimen RX shall-be'tested in specific load step sequences, as described ip Table 25
anfl Table 26. The differences in the’load sequences for those two specimens result from thg fact that
Specimen RX has been cycled and permanently deformed in the thermal cycle test, and is submitted for
the limit-strain test with some residual axial strain. Specimen 1 has only been subjected to the galling
registance test, with no appreciable axial plastic strain imposed.

Eafh limit-strain testshall be conducted at ambient temperature.
Applied strain rate)shall not exceed 0,1 %/minute.

Either no intgrnal pressure or low internal pressure with water can be applied (see 14{6.5.1 and
14]6.5.2).

14{6:6.2 Load steps

Table 25 contains the load steps for the mandatory part of the limit-strain test of Specimen 1. Some
initial load steps in the loading sequence of this specimen are consistent with the load steps previously
applied to Specimen RX in the thermal cycle test, so that structural responses of Specimen 1 and
Specimen RX can be compared at equivalent loading conditions.

Table 26 contains the load steps for the mandatory part of the limit-strain test of Specimen RX. Some
initial load steps in the loading sequence of this specimen are consistent with the final load steps
previously applied to that specimen in the thermal cycle test, so that structural responses of that
specimen in the two tests can be compared at equivalent loading conditions, and also compared to the
responses of Specimen 1.
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Path indicators (points P, Q, W, and X) indicated in Table 25 and Table 26 are consistent with Figure 16.
Symbols used in Table 25 and Table 26 are explained in 4.2.

Average post-cycle strain ey, shall be adopted according to 14.4.7.2.

Inload step 0.3 and load step 0.4 in Table 25, external axial forces -F33 o, and +F33 ¢, denote, respectively,
the compressive and tensile axial force that together with the capped-end pressure loading (if present)
produces equivalent stress equal to 33 % of the pipe-body nominal yield strength at room temperature.

Zero-strain positions 0", 0'and 0 indicated in Table 25 are consistent with zero-strain positions
described in 14.4.7.2.

All load slfeps in Strain interval 3 can be executed either with internal water pressure or withput
internal pfessure.

The test may be terminated when the measured axial force decreases with strain for two-consecutjve
strain incfements (i.e. a maximum of axial load is observed), although those two consecutive axial force
decreasesmight not be observed before a test specimen parts.
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14.6.7 Performance assessment

The following threshold performance requirements are provided for reference purposes in accordance
with principles for assessment criteria and result interpretation specified in 6.3.6 and 6.3.10.

For Task 4.4.2 Tension Limit, the candidate connection shall be considered to have met threshold
performance requirements if all of the following conditions have been satisfied for all connections
included in the limit-strain specimens, except any excluded connections:

a) No structural failure occurs before the average pipe strain in each limit-strain specimen exceeds
the tensile strain threshold:

b) No decrease in axial force with increase in average pipe strain (indicating a maximum in thie a¥ial
force)is observed for two consecutive strain increments before the average pipe strain exgeéds the
tensile strain threshold.

14.6.8 Reporting

As a minimum, reporting of Task 4.4 Limit-Strain Test shall contain the following'itéms:
— Identification of candidate connection specimens submitted for this test;

— Descrjiption of any excluded connections, as required in 14.2.6;

— Calcu]ated localized strain value and tensile strain threshold;

— Average post-cycle strain &g, used in testing;

— Overdll description of the test set-up, including a schematic showing the test configuration, gnd
seepajge detection points (if applicable);

— Photdggraphs of the test set-up and at least one lintit-strain specimen installed in the test frame;
— Performed test frame and instrumentation checks;

— Ambignt temperature during testing af each specimen;

— For edch load step executed per<able 25 and Table 26: date and time, load step number, average
specien strain, axial force, and internal pressure (if applied);

— For edch load step with a hold at stable conditions: hold duration, and, if measured, average seepage
rate ih excess of 0,06 ml/min from each connection;

— Mode|of failure andytest termination conditions;

— Descrjiption andphotographs of specimen condition upon test termination.

14.7 As-tested configuration analysis

Execution of Task 4.5 As-Tested Configuration Analysis (Task 4.5) is optional at the assigner’s discretion.
The decision to conduct or not to conduct the seal taper analysis shall be documented in the evaluation
report.

Rationale and recommended procedures for Task 4.5 are provided in Clause D.7.

15 Evaluation and inspection reports

15.1 Reporting deliverables

The main and mandatory deliverable of each evaluation program is the evaluation report. The
evaluation report shall include a description of the organizations and/or individuals who fulfilled
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program roles, details of the candidate connection, all data acquired in the analysis and physical testing,
and comparison of the results with threshold performance requirements. Each non-conformance
with respect to the evaluation procedure shall be documented as well. The evaluation report shall be
prepared by the evaluator.

The inspection report is a supplementary mandatory deliverable of each evaluation program. The
inspector shall prepare the inspection report according to the scope of the performed inspection, as
recommended in C.2.4 and any additional inspection work performed in the evaluation program. The
inspection report shall be prepared separately from the evaluation report, provided to the assigner,
and then attached to the evaluation report.

Th
Th

Ie evaluator and the inspector shall prepare their reports in electronic format.

e evaluator shall maintain copies of the evaluation report and acquired evaluation data ac

the¢ evaluator’s corporate procedures for document retention.

Th

e inspector shall maintain copies of the inspection report and acquired inspé¢tion data ac

the inspector’s procedures for document retention.

All photographs included in the evaluation report and the inspection report shall include ide

of
Sul

bignificant items shown in the photographs.

bclause 15.2 describes the minimum required scope of the evalGation report.

Subpclause 15.3 describes the recommended reporting format\and contains sample reporting

15.2 Reporting scope and contents

b)

©lI

a minimum, the evaluation report shall contain’the following items:
General information on the executed evaldation program and the assessed candidate con
1) IS0 12835 version (release) usedin’the conducted evaluation program;
2) Program role assignments~Table 5 provides a sample format;
3) Candidate connection identification, per Table 6;
4) Options selected for;the evaluation program and the evaluation procedure:
i) Applicatien-severity level (ASL);
ii) Task?2.2.3 Seal Tapers;
iii) Task 2.2.4.2 Box Yield Strength;
iv)™ Task 2.2.6 Test versus Production;

v) Task 4.3 Bending Evaluation;

cording to

rording to

htification

femplates.

nection:

vi) Task 4.4.1 Localized Strain Seepage;

vii) Task 4.5 As-Tested Configuration Analysis.

Prior evaluation data, including source and the process followed for data acceptance per 8.5.

Conformance of the evaluation program and the candidate connection with requirements of this

document:
1) Statement of full or partial conformance of the evaluation program (per 8.1);

2) Description of program non-conformances, if applicable (per 8.2);
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d)

f)

g)

h)

110

3) Assessment of the candidate connection performance relative to threshold performance
requirements (per 8.3).

Results of Task 2.1 Initial Material Property Characterization:

Identification and mill certificate for each tested material;

Test references (such as ASTM standards);

Test data for each material specimen, including test parameters and acquired measurements;

SUTITed/ TEaSUTet average thermrat expansiom coet ficiernt;
hlculated thermal degradation functions for as-characterized properties;

s-characterized maximum-yield and minimum-yield stress-strain curves forDéach t
mperature.

Ls of Task 2.2 Specimen Configuration Analysis:

kecuted scope of Task 2.2.1 Nominal Reference, Task 2.2.2 Specimen\Geometry, Task 2.
bal Tapers, Task 2.2.4 Material Properties, Task 2.2.5 Make-up Torques, and Task 2.2.6 T
brsus Production;

Dlescription of finite element models used in the performed-analysis, documenting agreem
ith the modelling basis provided in Annex A and use of any additional modelling assumptiofns;

esults obtained for all analysis cases;

Determined worst-case geometrical configurations (per Table 12);

bnclusions from the optional seal taper analysis, if performed;
etermined allowable range for yield-stréngth of pin components (per Table 15);

etermined allowable range for yiéld-strength of box components (per Table D.1), if T3
2.4.2 was performed;

etermined make-up torquesfor final make-up of specimens for sealability tests (per Table 1

«

pmparison of “best”_test specimen to
btermined.

worst” production specimen (per Table D.3)

Ls of Task 3.1 SpeCimen Pipe Procurement:
ill certificates for all pipe and coupling stock procured for candidate connection specimen

Es of Task 3.2 Material Property Verification:

est

P.3
est

ent

sk

if

entification and mother-pipe location for each tested material sample;

Test procedure references (such as ASTM standards);

Test data for each material specimen, including test parameters and acquired measurements;

Verification of conformance of specimen pipe properties with requirements of this document
(as specified in 12.3.6);

1y
2)
3)
4) A
5) C
6) Al
tq
Resul
1) E
S
\%
2)
W
3) R
4)
5) C
6) D
7) D
2
8) D
9) C
d
Resul
1) M
Resul
1) Id
2)
3)
4)
5 D

etermined average thermal expansion coefficient.

Results of Task 3.3 Specimen Machining and Gauging:

1) Calculated minimum pup length;
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,5and 6;

2) Summary of test specimen geometry targets (specimen numbers and tolerance combinations
per Table 19);

3) Products of yield strength times wall thickness for mother pipe(s) for Specimens 3, 4

4) Verification of conformance with required component diameter ranges (per Table 20),
interference ranges (per Table 21), and thread taper ranges (per Table 22);

5) Outcomes of the performed specimen geometry verification:
i) Acquired measurements;
ii) Calibration records for all gauging equipment.

6) Treatment of damaged specimens, if any damage occurred in transportation, he

storage (per 13.8.2).

i) | General full-scale test conditions:

ndling or

le);

grant the

ated from

b

1) Ambient temperature;

2) Calibration records of gauges, load frames, and all other instrymentation used during testing,
including laboratory standards to which the instruments Wwere calibrated (if applical

3) Verification of disabling of axial seals (per 14.2.3);

4) Method of seepage collection and measurement (per 14.2.4);

5) Number of excluded connections, and the circumstances and process followed to
excluded connection status (per 14.2.6).

j) | Results of Task 4.1 Galling Resistance Test(the following list of reporting items is repe

14.3.8):

1) Identification of candidate connection specimens submitted for this test;

2) Description of any excluded connections, as required in 14.2.6;

3) Material safety data.sheet for applied thread compound;

4) Photographs of make-up equipment and at least one connection being made up;

5) Photographs.cPat least one connection before and after doping (but before make-up)j

6) Consecutive number, date and time for each make-up and break-out;

7) Targeted and achieved torques in each make-up;

8), \Break-out torques for each break-out;

9Y _Torque-turn curves for all make-ups and hreak-outs;

7

10) Observations of connection seal and thread surfaces upon each break-out;

11) Photographs of at least one undamaged connection cleaned after break-out;

12) Photographs of the connections that were representative of the worst post-break-out conditions

(with or without galling) of pin and box seal and thread surfaces;

13) Description and photographs of all occurrences of galling and performed repairs.

k) Results of Task 4.2 Thermal Cycle Test (the following list of reporting items is repeated from
14.4.10):

iy

Identification of candidate connection specimens submitted for this test;

© IS0 2022 - All rights reserved

111


https://standardsiso.com/api/?name=75a63989b131dacf506e0534774d11a1

ISO/TS 12835:2022(E)

)

112

2)
3)
4)

5)
6)
7)
8)
9)

Resulfs of Task 4.3.1 Bending Analysis (as performed according40,D.5.3);

Resuls of Task 4.3.2 Bend Test (the following list of reporting.items is repeated from D.5.9):

5)
6)
7)
8)

9)

Description of any excluded connections, as required in 14.2.6;

Calculated values for strain compensations S; ¢, Lyts and Syy;

Overall description of the test set-up, including a schematic showing the test configuration,
controlled strain interval, temperature control points, heating/cooling elements, and seepage
detection points;

Photographs of the test set-up and specimen string(s) installed in the test frame;

Locations of installed thermocouples;

Dletermined effective string length;
Performed test frame and instrumentation checks;

Fpr each load step executed per Table 24, at the beginning, midpoint, and end ofthat load step:
dpte and time, cycle and load step number, measured temperatures, measured deformatjon
within controlled elongation interval, average string strain, axial force, and applied interpal
pressure;

F

e

br each load step with a hold at stable conditions: hold duration, and average seepage ratg in
kcess of 0,06 ml/min from each connection.

Identification of candidate connection specimens submitted for this test;

escription of any excluded connections, as required in 14.2.6;

verall description of the test set-up,lincluding a schematic showing the test configuratipn,
irvature application and controlelements, and seepage detection points;

D

Chlculated values for the maximum test curvature and curvature increments;
0

c

Photographs of the test set-upwand at least one bend test specimen installed in the test fram¢;
Pprformed test frame and-instrumentation checks;
Ambient temperature 'during testing of each specimen;
F

br each load stepexecuted per Table D.4: date and time, load step number, measured bending
strains or lateral’ deflections, resultant curvature and dogleg severity, and applied interhal
pressure;

Fpr eachiload step with a hold at stable conditions: hold duration, and average seepage ratq in
kceSs of 0,06 ml/min from each connection.

]

Resultsof Task 4.4 Limit-strain Test (the following Iist of reporting items 1s repeated from 14.6.8):

iy
2)
3)
4)
5)

6)

Identification of candidate connection specimens submitted for this test;
Description of any excluded connections, as required in 14.2.6;
Calculated localized strain value and tensile strain threshold;

Average post-cycle strain e, used in testing;

Overall description of the test set-up, including a schematic showing the test configuration, and
seepage detection points (if applicable);

Photographs of the test set-up and at least one limit-strain specimen installed in the test frame;
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7) Performed test frame and instrumentation checks;
8) Ambient temperature during testing of each specimen;

9) For each load step executed per Table 25 and Table 26: date and time, load step number, average
specimen strain, axial force, and internal pressure (if applied);

10) For each load step with a hold at stable conditions: hold duration, and average seepage rate in
excess of 0,06 ml/min from each connection;

11) Mode of failure and test termination conditions;

12) Description and photographs of specimen condition upon test termination.

0) | Results of Task 4.5 As-Tested Configuration Analysis (as performed according to Clause 1).7).

15.3 Reporting templates

It §s recommended that the reporting templates be adopted by agreementbetween the asgigner, the
supplier and the evaluator.
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Annex A
(informative)

FEA modelling guidelines

A.1 Ext

This anng
Specimen

FEA is a
and of so
structure

entof guidelines

x provides general guidelines for finite-element (FEA) modelling, which apply to-Task
Configuration Analysis described in 12.3 and supplementary analyses describedin Ahnex

ving highly nonlinear problems. The FEA methodology is based on analytically dividin

solving t

into many pieces (finite elements), with the behaviour of each individuatelement descrih

formulae for all elements subject to appropriate boundary and lead-conditions. FEA allo

by mathiEatical formulae. The behaviour of the entire structure is then predictéd by simultaneou

for signifi
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for analys|

The comp
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The follow
among va

Claus
repre
recov

ant flexibility in the model geometry, external constraints andloading conditions. It is
pol for conducting parametric investigations.

lenging task to accurately represent tubular connection Behaviour using numerical methc

[, elastic-plastic material behaviour. Due to mathematical complexity and computatio
s, numerical models necessarily are simplified representations of the actual physical systs
hplifications need to be carefully chosen to ensure that all fundamental mechanics

d.

te choices for FEA modelling parameters-depend on the type of the simulated process 3
ent, and relate to many modelling aspeets such as element types and formulations, kinema
ns, boundary conditions, loading. sequence, and execution of the numerical solution. Giy
ple FEA software programs are gvailable, with extensive libraries of elements available
Fam, it is not practical to provide an analysis specification for each modelling parameter - st
mple, “maximum element size”. Instead, these guidelines offer reasonable recommendatiq
ing threaded connections\in support of the modelling tasks of the evaluation procedure.

exity of the model dévelopment, combined with the diversity of available modelling tools 3
plification choices, creates an uncertainty in comparing FEA results from various evaluatd
ing measuresaate/taken to ensure a minimum level of consistency and quality in FEA resu
Fious evaluationyprograms:

e A.2 proyides recommended methodology for development of FEA models that adequat|
Kent a,casing connection subjected to assembly and service loading typical of thermal
ery conditions;

D.2
D.

numerical technique capable of simulating complex structures and loadimg conditions,

b a
ed

sly
ws
an

ds

physical nonlinearities in the system, such as contact, complex geometry and temperatiire

nal
m.
hre

nd
tic
ren
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ich
ns

nd
rs.
Its

ely
oil

Clause A.3 provides recommendations for FEA benchmarking, which can be numerical examples
verifying modelling assumptions and solution parameters adopted in an evaluation program, and
comparing results obtained from the model used in that evaluation program to a set of established
reference results.

The guidelines included in this document are mainly focused on axisymmetric modelling of a connection
make-up and thermal cycling, as required in Task 2.2 Specimen Configuration Analysis, with some
references made to non-axisymmetric modelling that is required in Task 4.3.1 Bending Analysis.

114

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=75a63989b131dacf506e0534774d11a1

ISO/TS 12835

A.2 Modelling basis

A.2.1 Kinematic assumptions

:2022(E)

Analyses requiring only axisymmetric geometry and loading should take advantage of the efficiencies
offered by such models. Non-axisymmetric analyses shall be conducted using three-dimensional model

for

mulations.

Some analytical options enhance results, although in some cases in exchange for additional computer-
time consumption:

AIA

M4
md
an
12
sti

copstitutive material model is representativetf the material property data set (see A.2.3)

for
ing

An
us
be
wi

AIA

A.’
Eig
Ta

pr
to

large-strain behaviour (where plastic strains exceed 2 %) is not expected in a significdnt
the structure, so a large-strain formulation is not required but can be employed if availal

flow with nearly incompressible behaviour. Therefore, mixed formulation elénrents witl
degrees of freedom should be used, if such elements are available, to accurately predict
behaviour.

large displacement formulation is recommended in order to captupe any axisymmetri
behaviour, particularly in the pin nose region.

p.2 Constitutive material model

terial response shall be simulated with a temperature-dependent, elastic-plastic ca
terial model. Several constitutive material descriptions-are required for the specimen con|
1 make-up torque analysis: as-characterized, minimum-yield, maximum-yield and median
2). The values for input parameters, such as the:€lastic modulus, initial yield strength and
ffness (strain hardening), shall be chosen so.that the uniaxial material response predicf

each analysis case. Available test data on the candidate connection material should H
orporate temperature dependency of the'material properties (see A.2.3.3).

isotropic strain-hardening rule,should be used as a default. If there is material test data {
e of a different strain-hardening-rule, then the choice of the different rule should be by ¢
fween the assigner, the supplier, and the evaluator. The choice of the strain-hardening rule
th applicable technical justification, shall be documented in the evaluation report.

2.3 Material property data sets

.3.1 Formulation of material property data sets

ht mateyial property data sets are defined to facilitate completion of the connection a
5k 2.2 Specimen Configuration Analysis. Table A.1 lists the defined material property dat
vides’guidance for selecting yield strength for each set. Table A.2 cross-references the de
[he-analyses required in Task 2.2.

volume of
le.

asignificant volume of the structure is expected to undergo post-yield deformation) causing material

| pressure
post-yield

c buckling

nstitutive
figuration
ryield (see
post-yield
ed by the
specified
e used to

o support
greement
, together

halyses in
h sets and
fined sets

Each material property data set consists of the following properties:

Temperature-dependent elastic modulus;
Poisson’s ratio;

Coefficient of thermal expansion;
Temperature-dependent yield strength;

Temperature-dependent post-yield stress-strain curve.

Some of the above-listed properties are assumed the same in different material property data sets (see
A.2.3.2), and some vary for different material property data sets (see A.2.3.3).
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A.2.3.2 Properties common to different material property data sets

The following properties are the same for each material property data set:

— Temperature-dependent elastic modulus;

— Poisson’s ratio;

— Coefficient of thermal expansion.

Elastic modulus. The first choice for selecting temperature dependent elastic modulus is to measure

modulus
values mé
tensile te
is not deg
measured

temperatyre-dependent elastic moduli should be estimated using recognized temperature-depende

relationsh

When using such temperature dependence models, an ambient-temperature elasticmodulus of 200 (

to 205 GP

Poisson’s
support u
be docum

Coefficient of thermal expansion. The magnitude of the average temperature-dependent therr

expansior]

A.2.3.3

The follow
— Temp
— Temp

Tempera
data sets
be adoptsg

temperatyre yield strengths and lists the clauses within this document that reference each matef

property

Tempera
stress-str
strain cu
data sets

character

fottowing ASTME 1T the absence of MeasSurements {ToIm SPecific etastic moduitsS 1e3
asured from test data obtained in Task 2.1 may be used. Elastic moduli measured, fir
ts completed in Task 2.1 should be verified to be reasonable as the specified test\meéth
igned for high-accuracy measurement of elastic modulus. In the event the elasti¢’ mod
from tests completed in Task 2.1 are not suitable and representative test data-ishinavaila

ips for structural steels such as those found in NIST Technical Note 1907 and*ECS Eurocods

h should be assumed.

ratio. A Poisson’s ratio of 0,3 shall be used unless there is sufficient material test data
Ge of a different value. Use of a different value and the technical(ustification for such use sh
ented in the evaluation report.

coefficient (a,) shall be assumed as determined in Task 2.1.

Formulation of material property data sets

fing properties are set-specific, i.e. differentfor each material property data set:
erature-dependent yield strength;

erature-dependent post-yield stress-strain curve.

fure-dependent yield strength. Table A.1 provides a list of eight defined material prope
with cross-references tg sources of temperature-dependent yield strength that need
d for each set. The tdble indicates the basis for the ambient temperature and elevaf

lata set.

[ure-dependent post-yield stress-strain curve. The transition from elastic to post-yi
hin relationship depends on the assumed yield strength; consequently, the post-yield stre
ves vary among different material property data sets. However, all pin material prope
have the same post-yield strain hardening behaviour (“shape”) as measured from the pin
zed\stress-strain curve. Likewise, all box material property data sets have the same pd

yield stra

ts,
bm
od
uli
le,
ce
p 3,
Pa

to
all

nal

[ty
to
ed

ial

n-hardening behaviour as measured from the box as-characterized stress-strain curve.

To accommodate connection analyses with 5 °C minimum temperature where test data at 5 °C specimen
temperature is unavailable, the 5 °C material response can be assumed to be the same as the ambient-
temperature material response.
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Table A.1 — Selection of yield strength for different material property data sets

Material property Yield strength source
. Reference clauses
data set Ambient temperature Elevated temperatures
As-characterized pin |As-characterized from tensile tests | As-characterized 12.2.441
As-characterized box | As-characterized from tensile tests|As-characterized 12.2.4.1

Maximum-yield pin

Specified maximum yield strength

Thermal degredation function

12.2.4.2,12.2.4.3

Minimum-yield pin

Specified minimum yield strength

Thermal degredation function

12.2.4.2,124214.3

Mg

dian-yield pin

See 12.3.6.2

Thermal degredation function

12.2.4.212.2]14.4,D.3

Ma

ximum-yield box

Specified maximum yield strength

Thermal degredation function

12.2.4.2712.2{4.3

Minimum-yield box

Specified minimum yield strength

Thermal degredation function

£2.2.4.2,12.2{4.3

Mg¢

dian-yield box

See Clause D.3

Thermal degredation function

12.2.4.2,12.214.4,D.3

A.2.3.4 Selecting material data set for different analyses

Table A.2 provides guidance for selecting material property data sefs’for the pin and box in different
anglysis cases included in Task 2.2 Specimen Configuration Analysis.

Somne choices of the material property data sets depend on,exécution of optional tasks. For gxample, if
box yield strength analysis (Task 2.2.4.2), then the strength of the median-yield materia| property
data sets is dependent on the results of the pin yield strength analysis (see 12.3.6.2) and|box yield
stijength analysis (see 12.3.6.3 and D.3).

the
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Table A.2 — Selection of yield strength for different material property data sets

Pin and box materials as-
Both pin and box are charac- sumed the same, only one
terized material characterized (pin-
Connection anal- Connection box)
sis Clause component
y p When optional box yield When optional box yield
strength analysis is strength analysis is
Omitted | Completed Omitted | Completed
' Pin As-characterized pin
Nominal reference 12.3.3 - P As-characterized pin-box
cgse Box As-characterized box
_cag - Pin As-characterized pin
Worst cage geome- | 1) 34 - P As-characterized pin-box
try configurations Box As-characterized box
) Pin As-characterized pin ) )
Seal tapef analysis D.2 - As-chardcterized pin-box
Box As-characterized box
Pm. rrllgx Maximum-yield pin Maximum-yield pin-box
Pin yield|strength 12.3.6.2 yie
analysis —===""|Pin min. yield Minimum-yield pin Minimume-yield pin-box
Box As-characterized box As-characterized pin-box
Pin N/A Medla_n-yleld N/A Medlap-yle]d
pin pin
. . Maxi-
Box yield strength D3 Boxl max. N/A M§X1- N/A mum-yield
analysis yield mum-yield box :
pin-box
Box min. Minimum-yield Minimum-yi¢ld
yield N4 box N/A pin-box
Pin Median-yield pin Median-yield pin
Make-up forque for 12.3.7 - X . :
sealabilfty tests 1a.5.7 Box As-.character- Median-yield A.s-cha-racter- Median-yield
ized box box ized pin-box box
. Pin
TESt.VerSIS prqduc D.4 Based on selections determined in D.4.3
tion apalysis Box
A.2.4 Boundary conditions
The mod¢l geometry /sheuld be chosen to employ appropriate and efficient symmetry boundary
conditions.
In an axisymmetric analysis of a TC connection response to thermal cycling, the model boundaries in the
axial dire¢tiofi should be at the centre of the coupling and at the centre of the pipe joint, as illustrated in
Figure A.1d-For integral connections, there is no symmetry at the centre of the connection and mogel
boundaries should be at the centres of the pipe joints on either side of the connection, as illustrated in

Figure A.1b.

For modelling purposes, full pipe joints should be assumed to be 12,5 m (41 ft) long unless there is
reason to differ, and at least half of that length shall be included in the model, the other half being
simulated by means of the symmetry boundary conditions.

At all simulation times, the FEA nodes at the model boundaries shall be free to move in the radial
direction. During simulation of make-up, the nodes on one model boundary (see Figure A.1) shall be
axially constrained, and the nodes on the other model boundary (see Figure A.1) shall be appropriately
constrained or loaded to best represent the anticipated make-up conditions. During the simulated
thermal cycle, the nodes on both model boundaries shall be held stationary in the axial direction to
simulate conditions of constrained thermal expansion with an effective free length of one pipe joint.
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b) Integral connection

Figure A.1 — Model boundaries and symmetry planes for connection models

A.2.5 Contact model

The model should accommodate contact conditions between mating surfaces in the pin and box. The
mqdel should assume frictionless contact characteristics for™ axisymmetric behaviour tq simulate
wdrst-case conditions for movement. Out-of-plane frictiol/ can be considered for evaluating torque
characteristics.

The contact surfaces should have the minimum, centact compliance necessary to enablg solution
cofvergence. The effect of contact surface compliance, if used, on the resultant solution ghould be
evaluated. The contact surface compliance should be selected to have a minimal impact on s¢lection of
wdrst-case geometry, material sensitivity and make-up torque.

Where make-break behaviour is simulated, the sequence of contact shall be representative of that
oc¢urring in the candidate connection

A.2.6 Element meshing

Mdshing will depend on (the’kinematics of the continuum element type(s) chosen for the model.
Elgments using more nodesgenerally require fewer elements to provide a given level of accutacy. Mesh
requirements also vary,with the magnitude of stress gradients that need to be modelled. For example,
the axial stress gradient over most of the joint length is very small, so long elements can befemployed
over that interval with only one element through the wall thickness. More elements are requjred in the
threaded interval, particularly at the ends of the threaded interval because of high load transfer rates
anfl the associated stress and strain gradients. Furthermore, element shapes and aspect ratio$ are more
importantin these regions because of the stress gradients and high shear stresses. A minimum mesh
density of 2 by 2 quadrilateral elements with quadratic displacement field is suggested for a full-height
buttress-type thread. If linear-displacement-field elements are employed, the minimum ligear mesh
density should be tripled (i.€. 6 x 6 elements per thread]. The selected mesh density should be adequate
to simulate the overall shear response of the thread to axial load transfer, but a detailed stress field
assessment for individual threads is not required.

Mesh density requirements are much higher in regions where localized contact occurs, as is often the
case with metal-to-metal seals. In such regions, the mesh shall be refined sufficiently to model the seal
contact at make-up across several elements, so that the contact interval and stress can be assessed
properly. The seal contact location will generally change over the course of thermal cycling; therefore,
the refined mesh shall extend beyond the seal contact interval at make-up to include the region of seal
contact during thermal cycling. The region of contact is usually well defined, allowing a localized mesh
concentration to be applied. The mesh density along each contact surface and perpendicular to the
contact surfaces should be comparable to properly capture the stress field in the region of contact.
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A.2.7 Loading sequence

The axisymmetric analyses include cases with one connection make-up only, cases with one connection
make-up and one thermal cycle, and cases with two make-ups and one thermal cycle.

Upper-bound temperature condition and lower-bound temperature condition are defined as the
connection analysis solution steps at which contact stresses and seal contact stress intensities are
recorded for use in the tables in 12.3. The upper-bound and lower-bound temperature conditions are

identified

Table A.3

in Table A.3 and Figure A.2.

illustrates the load path that shall be applied for the analysis cases with one make-up

nd

one thern;
step show
in Table 4
(unloadin

The magn
the select

changes i casing’s internal pressure precede changes in temperature (see rational€ in 6.5.7), and t

the well ¢
for an ext
illustrates

al cycle. The load path for the cases with a single make-up will consist only of the firstd
n in Table A.3. The load path for the cases with two make-ups shall involve all steps indluc
.3 plus additional two load steps after the first make-up simulating connection ‘break-
b) and the second make-up.

itudes of temperature and pressure loads simulating the thermal cycle shall be based
ed ASL. The sequence of the pressure and temperature changes in Tabte A.3 assumes t

pols back to the original temperature (which occurs, for example, when the well is shut do

ended period soon after the start of thermal operation). As an examiple, Figure A.2 graphica
a loading path for ASL-240.

Table A.3 — Simulation of thermal cycleload path

ad
ed
but
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nat
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lly

Op¢rating point Simulation step Teniperature Internal pressure
Connectign assembly (make- 1 Ty 0
up)
Commengde steam circulation 2 Ty, Pss(Tup)
Heat to npaximum tempera- 3
ture ’ 3 \Q Tub Pss(Typ)
Upper-bopz@&émperature condition
Shut-offljsteam circulation 4 Ty 0
Cool to npinimum tempera- 5 Ty 0
ture
Commende steam circulation QV 6 Ty, Pss(Tup)

(:.O " Lower-bound temperature condition

Prior to t
boundarig
boundarig
and by thg

he application,efdnternal pressure and temperature change, the net axial force at the ¢
s of the model'shall be zero (or negligible). Due to the fixed axial displacement at the mo
s, axial loads'will be induced by the Poisson’s effect during application of internal pressire
constrained thermal expansion during the thermal cycle.

nd
del
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Figure A.2 — Example of load path graph for ASL-240

Temperature load shall be(applied uniformly to all model elements.

Teperature and presSsutre load increments (simulation time step size) should be sufficienfly fine to
enpure accurate nutnerical solution convergence. Numerical results at each load step should be saved to
adequately describe the progression of the applied load path.

A.2.8 Simulation of make-up to a target torque

Nulmerical simulations of connection make-up shall be performed to prescribed target torques. To meet
thatrequirement, pin and box contact forces and torque shoulder interferences shall be reconciled with
the supplier's connection make-up specifications, sample make-up curves, and friction coefficients
representative of lubricated connection surfaces (coated and/or covered by a thread compound).

A.2.9 Calculating casing string low and high stiffness lengths from FEA results

Determination of strain compensation factors (see Clause B.1) for full-scale connection testing requires
calculation of the connection equivalent high-stiffness length, Ly from FEA results using the finite
element model from 12.3.

The stiffness of the casing system is found by applying a small elastic unload upon completion of the
thermal cycle to load step 6 as per Table A.3 and Figure A.1 and Figure A.2. To calculate the high-
stiffness interval, it is assumed that the casing system consists of two parts, one part with stiffness
equal to the stiffness of the pipe body and a second part that is rigid (has infinite stiffness). With the
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calculated casing string stiffness and the known elastic stiffness of the nominal pipe body, the length of
high stiffness interval can be calculated.

A schematic illustrating the basis for calculation of the high-stiffness interval is shown in Figure A.3.

Lmodel ]
Lsife/ 2
N ,—V
i ==
AF = | K—— AF
|
, ol
1 1
Key
1 line oflsymmetry
Figure A.3 — Schematic for calculation of high-stiffness interval
The length of the high stiffness interval in a coupled connection isthen calculated by:
L..=32|L E- 0
stiff | model A‘pipe F (A
where
Lyiee is the length of the high-stiffness jnterval;
Lode is the length of the connectionimodel;
E is the elastic modulus of the pipe body;
Apipe is the full cross-section area of the pipe body;
AF is the change of axial force on the full pipe cross-section area corresponding to ax
displacement -
Length of|the high-stiffness interval of an integral connection can be calculated in the same way, |
without the factor of'2-6n the right side of Formula (A.1).

Studies off sensitivity of the resulting length change of the model to the applied force increment h:
shown that, éven when elastically unloading the connection model, the response might not be lin
because of changing contact conditions within the connection. For this reason, engineering judgem

1)

ial

but

ive
par

ent

should be

used when selecting the magnitude of the force increment and displacement.

A.2.10 Reporting

Modelling assumptions adopted for the evaluation program shall be documented in the evaluation
report, including the assumptions that are consistent with the modelling guidelines described in A.2.1
to A.2.9, and any additional assumptions adopted by agreement between the assigner, the supplier and
the evaluator as stipulated in 12.3.2.
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The modelling results shall be documented in the evaluation report according to reporting
requirements for various modelling tasks specified in 12.3 and 15.2. In general, modelling results of
primary importance for each competed analysis are:

— Table of seal contact stress intensity, maximum seal contact stress, maximum thread contact stress
and axial pin-tip force at solution steps 1, 3, 5 and 6 as listed in Table A.3.

— Contour plots of von Mises stress, axial stress and accumulated equivalent plastic strain in and near
the connection at solution steps 1, 3, 5 and 6 as listed in Table A.3.

— _Plot of seal contact stress as function of axial distance from the pin tip vertex at solution steps 1, 3,
5 and 6 as listed in Table A.3.

—| Thread contact stress at full make-up (solution step 1), including distribution andpeak sfress.

— | Plots of seal contact stress intensity and pin tip axial force as functions of tempenature using results
at all solution steps and sub-steps.
A.B FEA benchmarking cases

It is recommended that the scope and procedure for FEA benchmatking be determined by ggreement
between the assigner, the supplier and the evaluator.
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Annex B
(informative)

Derivations of formulae - Strain compensation factors

B.1 Balkground

As explained in 9.1, total axial strain in a thermal well cemented casing string typically remdins z¢ro
or nearly [zero during a thermo-mechanical cycle. However, distribution of the total axial strain ih a
field configuration will almost always be different from a test configuration. In the field-¢onfiguratipn,
couplings|(or integral connections) are separated by pipe lengths usually much longerithan those that
can be incuded in a thermal cycle test. Those length differences lead to increased pipe-body mechanifcal
strain in the test configuration (i.e. in the specimen string) compared to the field €onfiguration, if the
test’s loading control imposes zero total strain. The reasons for such overgstraining are descrihed
below.

Coefficients of thermal expansion of the casing pipe and coupling stock’do not differ substantially, if
those conjponents have the same nominal material grade. For practic€al purposes, those componepts
can be asjumed to expand equally, or have equal thermal-expansionstrains, if exposed to a changq in
temperatyre while not mechanically loaded.

Contrary fo the thermal-expansion strains, distribution of mechanical strains will, in most cases,|be
non-unifofm due to strength and stiffness contrasts thatsexist between the pipe and couplings, where
the pipe hps lower stiffness than the couplings’ central.regions (or integral connections’ upset regio:F‘).

S

Under an pxial load, the pipe is at higher axial stress.than the couplings’ central regions, and defor
corresporjdingly more. When the pipe in a well or in a testing assembly yields while the couplings’
central repions typically remain elastic, the majority of incremental mechanical strain will occur in the
pipe. Transfer of strain from the stiffer regiofis'to less stiff regions has been called strain localizatipn.
The degrge of strain localization in the pipe will depend on connection geometry, material propertfies
of the pipg and coupling stock, and the ratio of the total pipe length to the sum of the stiffer sections’
lengths.

Some of the foregoing variables.are more significant than others, and some are not directly addressed
during tgsting. Differencesin-“material properties of the pipe and coupling stock (or integral
connectiops’ box regions)ave insignificant effect if the connections’ stiff regions remain elastic, gnd
have otherwise little effect’if the stiff regions’ cross-sectional areas are appreciably larger than the
s-sectional‘area. Variability in material strength and cross-sectional area along a testjng
assembly’s pipe segnients is ignored, despite being present, because such variability is present in the
downhole|casing;t00. The key variables, to match pipe strains during testing to pipe strains in the fig¢ld,

two stiffness values: pipe with comparatively low stiffness, and high-stiffness components such as
central regions of couplings or integral connections. In the threaded portions of the connections, axial
stiffness changes gradually, and the character of that variation is specific to the connection design. The
evaluation procedure requires that FEA be used (see 12.3 and A.2.9) to assess the geometry and load
transfer mechanism for each candidate connection and determine the associated stiffness variation.
Based on those findings, each varying-stiffness interval is to be divided into two sub-intervals. One
such sub-interval can be treated as having “low” axial stiffness, such that its length can be added to the
unthreaded part of the casing pipe (or segment) length. The other sub-interval can be treated as having
“high” axial stiffness, and its length can be added to that of the coupling’s or integral connection’s
central region.
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B.2 Assumption summary

The following assumptions are used in the derivation of strain-length compensation factors:

2022(E)

a) Coefficients of thermal expansion of pipe body and coupling stock are not significantly different.

b) Geometry and material properties of casing pipe are consistent, and geometry and material
properties of the connections are also consistent.

c) Mechanical strain in the stiffer sections (coupling centre sections or upset sections) is neglected,
i.e. it is assumed that the mechanical strain in the pipe body is much higher than the mechanical
strain in the stiffer sections.

d)| A connection’s length can be divided into two component lengths: a high-stiffness;sub-interval and
a low-stiffness sub-interval.

e) | Typical length of casing joints in the well is assumed at 12,5 m (41 ft). The loniger the assymed joint
length, the larger the S| g and the smaller the Sy (i.e. less strain is applied in the thefmal cycle
test).

B.B Formulae for casing string low and high stiffness lengths

Derivation of formulae for high-stiffness and low-stiffness portions of a casing string assumgs that the

sp¢cimen string used in the thermal cycle test contains the, same number of connections as alsimulated

portion of a downhole casing string. The following nomenclature is adopted:

a) | A casing string typical of downhole well installations is referred to as the field configuration;

b) | A specimen string used in a thermal cycle test is referred to as the test configuration.

Sirhilarities of, and differences between, the tiwe configurations listed above are illustrated in [Figure B.1

anfl Figure B.2. Figure B.1 illustrates the field and test configurations for a threaded- and-coupled

cohnection. Figure B.2 illustrates the same configurations for an integral connection. In each figure, the
portion of the schematic above the symmetry axis refers to the field configuration; and the portion of
the¢ schematic below the symmetryaxis refers to the test configuration.

Thf specifications for the thermal cycle test allow testing specimen strings composed of either a single

cohnection specimen, or twg-connection specimens, or four connection specimens (refer to 4.1 and 5.1

for] definitions of connection specimens for threaded-and-coupled and for integral connecfions, and

should be

§pecimens

'preted to
ouplings/
bth casing

two dlscreet sub-intervals. The length of each hlgh stlffness sub-interval is added to the length of the
associated coupling’s centre section or integral connection’s upset section, and the resultant combined
length of the stiff section is referred to as Lg;¢ in Figure B.1 and Figure B.2. Correspondingly, the length
of each high-stiffness sub-interval in a threaded portion is subtracted from the pin tip-to-pin tip length
of the casing joints and pups. The adjusted pipe-body lengths are considered to be the low-stiffness
portions of the casing string:

L is the low-stiffness joint length, i.e. joint pin tip-to-pin tip minus the high-stiffness length

joint

L

pup 1S the low-stiffness pup length, i.e. pup pin tip-to-pin tip minus the high-stiffness length
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The length of each end pipe segment in the field configuration is assumed to be half the length of a
typical casing joint. The length of each end pup in the test configuration, L, 4; and L, 45, is assumed to
conform to the requirements for the end segments that have to be included in the controlled elongation
interval (see 14.4.6.2). The total length of the casing string in the test configuration corresponds to the
length of the controlled elongation interval, L¢g;.

~ Ljoin'c/2 Y Lstiff Ljoint Lstiff Ljoin'c/2 —V
1
\ \ [ 2\ \ [ | \
e e ¢ <
Y . P
| 1y v T\ N | i \ |
| <'Lendl’\'l‘stiff’<—Lpup_/\/_>"l'stiff Lendz |
2 |
LCEI /\’
|
|

Key
1 field cpnfiguration
2 test configuration

Figure B.1 — Field and test configurations for threaded-and-coupled connections
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Figure B.2 — Field and test configurations for integral connections

The following derivation assumes that the number of the connection specimens in the specimen string
is N, where N canbe 1, 2 or 4.
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For either a threaded-and-coupled connection or an integral connection, the low-stiffness length LieSSt

of the specimen string in the test configuration is given by Formula (B.1):

N-1

test
LLeSS =Lepq1 + Z (Lpup )i +Lendz = Lend1 +(N_1)Lpup +Lend2 (B.1)
i=0

The high-stiffness length of the specimen string in the test configuration is given by Formula (B.2):

N
Tt t v L AL L
Ers =) thsmr ) =Nt (B.2)
j=1
Th low-stiffness length of the field string is given by Formula (B.3):
1 = 1
field
LLIE Z(E ijoint + z (Ljoint )i +(E ijoint =N - Ljoint (B.3)
i=0

The high-stiffness length of the field string is equal to the high-stiffness length of the specinen string,
as expressed in Formula (B.4):

wn

N

field test

Ligs® = D (Lstitr ) j =N - Lotier = L (B.4)
j=1

B.# General formula for strain-length compensation factor

The strain-length compensation factor (S ) is introduced to account for the difference in the ratios of
the low-stiffness length and the high-stiffness Jength in the field and test configurations.

To|derive the strain compensation factor, fixst a general expression for thermal strain is assymed as in

Formula (B.5):

AL
Ethermal =0 * AT = thevm (B.5)
therm
where
a is the average thermal expansion coefficient corresponding to the temperature rgange AT;
AT is thé.témperature range for which S; - is being applied;

Liherm. <15 the length subjected to thermal expansion/contraction.

For example, when S - is applied to the temperature-range strain compensation (Sg), the temperature
rallnge AT will be from the ASL lower-bound temperature to the ASL upper-bound temperaturg.

Next, a general expression for mechanical strain is assumed as in Formula (B.6):

AL

€mech = L

mech (B. 6)

mech

where L .4, is the length that deforms appreciably under mechanical forces.
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Based on a fundamental assumption of tubular constraint in thermal wells, the total change in casing
length is equal to zero. Consequently, the sum of the thermal length increment AL, plus the
mechanical length increment AL 4, is equal to zero:

ALy +AL 0 (B.7)

therm mech —

After substituting terms from Formula (B.5) and Formula (B.6), the resultant expression for the
mechanical strain generated by constrained thermal expansion is given by Formula (B.8):

L
AT therm (n8)

mech [~ % = L

&
‘mech

Formula (B.8) applies to mechanical strain in either field or test configuration. In the field confignuratipn,
the ratio between the thermal length L, .., and the mechanical length L ., is close to Iy-and so the
mechanical strain is almost equal to the thermal strain. That ratio increases when shert-casing pups
are substituted for full-length casing joints, and consequently the pipe-body mechanigcalstrain in a test
configuration is larger than in the field configuration. The purpose of introducing the strain-length
compensdtion factor is to compensate for the above difference, and make the{pipe-body mechanifal
strain in fhe test to be the same as the pipe-body mechanical strain in tHe field configuration.| In
order to gchieve the above, we need to add a strain increment Ae to the mechanical strain in the test
configuration, as shown in Formula (B.9):

test

(emech ) ——o - AT - Stherm A (H9)
compensated Ltesth
'mec

where Ae¢|is additional strain applied to compensate for the@ifference in length between the field gqnd
test configurations.

This additional strain is adopted as S; ¢r. Now the compénsated mechanical test strain is set equal to the
mechanical field strain, as given in Formula (B.10):

test
(Emeck

field
=€ B.10
)compensated mech ( )

From Formulae (B.8), (B.9)and (B.10), the term Ae (adopted as Sjcp) can be determined as|in
Formula (B.11):

plest Lfield (B-11)

mech

jtest Lfield
Sicp FAe=a - AT - therm/  “therm

mech

The following formulag'rélate the thermal and mechanical lengths for the field and test configuratjon
used in Formula (B-A1Jto the low-stiffness and high-stiffness lengths previously discussed in Clause B.3.

Lﬁﬁz;[,m is the thépmal-expansion length in the test configuration (specimen string), which is equal to the

controlled élongation interval, as defined in Formula (B.12):

Liherm = LIS + LIS = Legy (B.12)
Lfgggh is the length assumed to be appreciably deforming under mechanical forces in the test

test

configuration, which is somewhat shorter than Ly. .. and equal to the low-stiffness length given
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previously by Formula (B.1). This length is adopted as the effective string length L ¢ (see 14.4.6.3) and
given in Formula (B.13):

test test
Lmech =L1s" = Left (B13)
Lfgﬁécrlm is the thermal-expansion length in the field configuration, which is assumed equal to the portion

of the downhole casing string that is simulated in the test (with the same number of couplings or

integral connections as the specimen string in the test), and is given by Formula (B.14):

£l £ £

Lfi

IS §

TTCTer

1l
s T

<
TeTer —

fretet
therm — LHS

bld
ech

omewhat shorter than

is the length assumed to be deforming under mechanical forces in the well configurat

Lfield

therm and equal to the low-stiffness length of a casing)string in a

(B.14)

on, which

vell (refer

to Formula (B.3)), and is given by Formula (B.15):
field field
Linech = LLs (B.15)
B.p Resultant formulae for strain compensationsd g and Sy,
Two strain compensations described previously in 14.4.5\are applied in the thermal cycl¢ test: the
lower-bound temperature strain compensation (Lpg) andithe temperature range strain compensation
(SH1): Sicr is applied as an “offset” to the Sp; compensation, because the test string is supjected to
copstrained thermal expansion within the temperature range corresponding to the Si; compensation.
No|strain-length factor is applied to L;1g, becausethe test string is not subjected to constraingd thermal
expansion in the temperature range from Ty, to’ 7).
Baped on the above, the strain-length compénsating factor S; ¢, for Ly is zero:
SicrL =0 (B.16)
Baped on Formula (B.11), the strain-length compensating factor S| .ps for Sy is given by Formula (B.17):
Ltest Lfleld
Sters = (Tup = Tip ) (@' + | — o — —therm (B.17)
Ltest Lfleld
mech mech
where a, corresgonds to the average thermal expansion coefficient in the temperature range from Ty,
to [Ip-
Formula (B.18) describes the Ly strain compensation applicable in the test:
field
Lyrg =(T =Ty,) - o, - —therm (B.18)
11eld
k mech

where a, corresponds to the average thermal expansion coefficient in the temperature range from Ty,

to

T\

Formula (B.19) describes the Sy strain compensation with the applicable strain-length offset S ps:

©lI

field
_ therm _
Lmech
field test field
=(Typ—Tpp) - g - | 0,1 - therm _| Ltherm _ Etherm
ub b a ’ Lfield Ltest Lfield
mech 'mech mech
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