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Foreword

The text of ISO 13679:2002 has been prepared by Technical Committee ISO/TC 67 "Materials,
equipment and offshore structures for petroleum and natural gas industries” of the International
Organization for Standardization (ISO) and has been taken over as EN ISO 13679:2006 by
Technical Committee CEN/TC 12 "Materials, equipment and offshore structures for petroleum,
petrochemical and natural gas industries”, the secretariat of which is held by AFNOR.

This European Standard shall be given the status of a national standard, either by publication of
an identical text or by endorsement, at the latest by April 2007, and conflicting national
standards shall be withdrawn at the latest by April 2007.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of
the following countries are bound to implement this European Standard: Austria, Belgium,
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary,
Iceland, Ireland, ltaly, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland,
Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland and United Kingdom.

Endorsement notice

The text of ISO 13679:2002 has been approved by CEN as EN I1SO 13679:2006 without any
modifications.
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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 13679 was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshore structures
for petroleum, petrochemical and natural gas industries, Subcommittee SC 5, Casing, tubing and drill pipe.
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Introduction

This International Standard is part of a process to provide reliable tubing and casing connections for the oil
and natural gas industry which are fit for purpose. It has been developed based on improvements to
API Recommended Practice 5C5 and proprietary test procedures, with input from leading users,
manufacturers and testing consultants from around the world. This International Standard represents the
knowledge of many years of testing and qualification experiences.

The validation of connection test load envelope and failure limit loads is relevant to design of tubing and
casing for the oil and natural gas industries. Tubing and casing are subject to loads which include internal
pressure, external pressure, axial tension, axial compression, bending, torsion, transverse forces and
temperature changes. The magnitude and combination of these loads result in various pipe body and
connection failure modes. Although pipe body test and limit loads are well understood in general, the same
cannot be stated for the connection. These failure modes and loads are generally different and often less than
that of the pipe. Consequently experimental validation is required. Well design matches the test and limit loads
of both the connection and pipe to the well conditions to provide load capacities with suitable reliability.

The validation of test and limit loads requires testing at the extremes of performance parameters to these
defined loads. Testing at the extremes of the performance parameters assures that the production population,
which falls within these limits, will meet or exceed the performance of the test population. Thread connection
performance parameters include dimensional tolerances, mechanical properties, surface treatment, make-up
torque and the type and amount of thread compound. For typical proprietary connections, worst-case
tolerances are known and defined in this International Standard. For other connections design analysis is
required to define worst-case tolerance combinations.

Users of this International Standard should be aware that further or differing requirements might be needed for
individual applications. This International Standard is not intended to inhibit a vendor from offering, or a
purchaser from accepting, alternate equipment or engineering solutions for the individual application. This
may be particularly applicable when there is innovative or developing technology. Where an alternative is
offered, the vendor should identify any variations from this International Standard and provide details.

This International Standard consists of the following major parts. Based on manufacturer's-supplied data
specified in Annex A and/or calculations in Annex B, tests are conducted in accordance with Clauses 4 to 8
and reported on the data forms given in Annex C. Annex D lists all the information that is to be provided in the
full report whereas Annex E lists the information that is to be provided in a summary test report. This summary
test report lists the minimum information necessary to fully specify the connection tested and its preparation is
intended for broader distribution. Annex F gives an example of a load frame calibration. Annex G gives
considerations for possible connection product line qualification. Annex H provides guidelines for
supplemental tests, which may be required for special applications. Annex | gives the design rationale for this
International Standard. Annex J gives requirements for connections that contain both a metal-to-metal seal
and a resilient seal which are tested separately.

Supplementary tests may be appropriate for specific applications that are not evaluated by the tests herein.
The user and manufacturer should discuss well applications and limitations of the connection being
considered.

Representatives of users and/or other third party personnel are encouraged to monitor the tests. ISO 13679
covers the testing of connections for the most commonly encountered well conditions. Not all possible service
scenarios are included. For example, the presence of a corrosive fluid, which may influence the service
performance of a connection, is not considered.

This International Standard includes provisions of various nature. These are identified by the use of certain
verbal forms:

— SHALL is used to indicate that a provision is a REQUIREMENT, i.e. MANDATORY;
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— SHOULD is used to indicate that a provision is a RECOMMENDATION to be used as good practice, but
is not mandatory;

— MAY is used to indicate that a provision is OPTIONAL, i.e. indicates a course of action permissible within
the limits of the document;

— CAN is used to indicate statements of POSSIBILITY and CAPABILITY.

viil
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Petroleum and natural gas industries — Procedures for testing
casing and tubing connections

1 Scope

This International Standard establishes minimum design verification testing procedures and acceptance
criteria for casing and tubing connections for the oil and natural gas industries. These physical tests are part of
a design verification process and provide objective evidence that the connection conforms to the
manufacturer's claimed test load envelope and limit loads.

It categorizes test severity into four test classes.

It describes a system of identification codes for connections.

This International Standard does not provide the statistical basis for risk analysis.

This International Standard addresses only three of the five distinct types of primary loads to which casing and
tubing strings are subjected in wells: fluid pressure (internal and/or external), axial force (tension or
compression), bending (buckling and/or wellbore deviation), as well as make-up torsion. It does not address
rotation torsion and non-axisymetric (area, line or point contact) loads.

This International Standard specifies tests to be performed to determine the galling tendency, sealing

performance and structural integrity of casing and tubing connections. The words casing and tubing apply to
the service application and not to the diameter of the pipe.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 3183-1, Petroleum and natural gas industries — Steel pipe for pipelines — Technical delivery
conditions — Part 1: Pipes of requirement class A

ISO 3183-2, Petroleum and natural gas industries — Steel pipe for pipelines — Technical delivery
conditions — Part 2: Pipes of requirements class B

ISO 3183-3, Petroleum and natural gas industries — Steel pipe for pipelines — Technical delivery
conditions — Part 3: Pipes of requirement class C

ISO 10400:1993, Petroleum and natural gas industries — Formulae and calculation for casing, tubing, drill
pipe, and line pipe properties

ISO 10422, Petroleum and natural gas industries — Threading, gauging and thread inspection of casing,
tubing and line pipe threads

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

ISO 13680, Petroleum and natural gas industries — Corrosion-resistant alloy seamless tubes for use as
casing, tubing and coupling stock — Technical delivery conditions



EN ISO 13679:2006

API Bul 5C3, Bulletin on formulas and calculations for casing, tubing, drill pipe and line pipe properties

API Spec 5B, Specification for threading, gauging, and thread inspection of casing, tubing, and line threads
(U.S. Customary Units)

API Spec 5L, Specification for line pipe

3 Terms, definitions, symbols and abbreviated terms

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

3.1 Terms and definitions

3141

ambient temperature

actual room temperature in the test lab with no residual heat remaining in test specimens from previous
thermal tests

3.1.2
axial-pressure load diagram
plot of pressure versus axial load showing pipe and/or connection test load envelope or limit load extremes

3.1.3
connection
assembly consisting of either two pins and a coupling or one pin and an integral box

314

failure load

load at which the pipe body or connection will fail catastrophically as in an axial separation, a rupture, large
permanent deformation (e.g. buckling or collapse) or massive loss of sealing integrity

315
galling
cold welding of contacting material surfaces followed by tearing of the metal during further sliding/rotation

NOTE 1 Galling results from the sliding of metallic surfaces that are under high bearing forces. Galling can generally be
attributed to insufficient lubrication between the mating surfaces. The purpose of the lubricating medium is to minimize
metal-to-metal contact and allow efficient sliding of the surfaces. Other ways to prevent galling are to reduce the bearing
forces or reduce the sliding distance.

NOTE 2  There are several degrees of galling used for repair and reporting purposes as defined in 3.1.5.1 to 3.1.5.3.

3.1.5.1
light galling
galling that can be repaired by the use of abrasive paper

3.1.5.2
moderate galling
galling that can be repaired by the use of fine files and abrasive paper

3.1.5.3
severe galling
galling that cannot be repaired by the use of fine files and abrasive paper

3.1.6
leak
any positive displacement of fluid in the measuring system during hold periods
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317

limit load

load combination extreme (axial load and/or pressure) which defines the failure conditions for the connection
or maximum load resulting in large permanent deformation (such as buckling) prior to catastrophic failure

3.1.8

lot

lengths of pipe with the same specified dimensions and grade from the same heat of steel which are heat-
treated as part of a continuous operation (or batch)

3.1.9

metal-to-metal seal

seal or sealing system that relies on intimate and usually high contact stress of mating metal surfaces to
achieve a seal

NOTE The thread compound can affect, both beneficially and detrimentally, the performance of a metal seal.

3.1.10
mother joint
length of pipe or coupling stock from which short lengths are cut for machining connection test specimens

3.1.1

multiple seals

sealing system, which consists of more than one independent barrier, and of which each barrier forms a seal
itself

3.1.12
pipe string
pipe body and the connection

3.1.13
pup joint
short pipe length usually with threaded ends

3.1.14

resilient seal

seal or sealing system, which relies on entrapment of a seal ring within a section of the connection (e.g. in the
thread-form, on a seal area, etc.) to achieve a seal

3.1.15
seal
barrier to prevent the passage of fluids

3.1.16

seal ovality

maximum seal diameter minus the minimum seal diameter divided by the average seal diameter multiplied
by 100

NOTE Seal ovality is expressed as a percentage.

3.1.17
single seal
one barrier or multiple barriers that cannot be physically differentiated in their function

3.1.18
specimen
connection between two pieces of pipe

NOTE The specimen can be composed of one coupling and two pins for coupled connections, or one pin and one
box for integral connections.
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3.1.19

test load envelope

extremes of loads (axial load, pressure, bending) and temperature within which the connection will perform
cyclically

NOTE The manufacturer has the primary responsibility for defining the test load envelope for their connection
products (see 4.1).

3.1.20

thread lot

all products manufactured on a given machine during a continuous production cycle that is not interrupted by
a catastrophic tool failure or injurious machine malfunction (excluding worn tools or minor tool breakage), tool
holder change (except rough boring bar) or any other malfunction of either threading equipment or inspection
gauges

3.1.21

thread seal

seal or sealing system, which relies on intimate fitting of the thread-form and usually entrapment of the thread
compound within the thread-form to achieve a seal

3.2 Symbols and abbreviated terms

3.21 Symbols

4 Area calculated based on the pipe inside diameter
A, Area calculated based on the pipe outside diameter
Ay Cross-section area of pipe body

C Compressive axial force

D Specified pipe outside diameter

Inside diameter
Outside diameter

Dieq Effective dogleg severity expressed in degrees per thirty metres

E, Error in load frame calibration

Ep Error in load frame calibration expressed in percent
F Failure

F,  Axial force, tension or compression

Fy Bending equivalent axial force

Published joint strength of the connection when the joint strength is the compressive rated load of the
connection

Fs Actual load frame axial force, tension or compression

Indicated load frame axial force, tension or compression



Pc
Pi
Pip
Pin
Pin
Pil
Piyp
Po
Pob
Pon

Ptc
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Published joint strength of the connection when the joint strength is the tensile parting or failure load of
the connection

Published joint strength of the connection when the joint strength is the tensile yield load of the
connection

Moment of inertia

Compression efficiency factor of the connection

Internal pressure efficiency factor of the connection

External pressure efficiency factor of the connection

Tension efficiency factor of the connection

Geometric variable

Length of pin A end from coupling face (or connection) to end cap or grip length
Length of pin B end from coupling face (or connection) to end cap or grip length
Length of coupling or connection if integral

Minimum unsupported pup joint length

Bending moment

Super bending moment

ISO 10400 collapse rating for specified wall thickness and actual specimen yield strength
Internal pressure

Internal pressure with bending

High internal pressure

Normalized internal test pressure

Low internal pressure

ISO 10400:1993, Section 3, internal yield pressure for the pipe body
External pressure

External pressure with bending

Normalized external test pressure

Thermal cycle pressure at elevated temperature

Maximum pressure for an internal fibre stress S,
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9ac

90

hds

Oab

ao

Op

%bo

Oh

%ho

ro

i

Otc

Actual leak rate to be reported
Observed leak rate

Radius of curvature of the pipe body at the axis of the pipe

100 % of minimum of the specimen mother joint tensile strength (measured at room temperature or at
elevated temperature as given in Table 1) for a pipe member or coupling in a T&C specimen (pin or box
member for an integral connection)

100 % of minimum of the specimen mother joint yield strength (measured at room temperature or at
elevated temperature as given in Table 1) for a pipe member or coupling in a T&C specimen (pin or box
member for an integral connection)

95 % S, for Series A and B tests, and 80 %, 90 % and 95 % for Series C tests (see 5.12.4)

Specified pipe wall thickness

Actual minimum wall thickness
Tension axial force

Leak detection system efficiency

Stress

Axial stress without bending

Axial stress with bending

Axial stress with super critical bending

Axial stress due to bending

Axial stress due to super critical bending

Axial compressive yield strength if available or otherwise axial tensile yield strength
Hoop (tangential) stress

Hoop (tangential) stress at outside diameter

Radial (normal) stress

Radial (normal) stress at outside diameter

Transverse tensile yield strength if available or otherwise axial tensile yield strength
Defined transverse compressive yield strength if available or otherwise axial tensile yield strength
Von Mises equivalent stress

Axial tensile yield strength, normally the ISO/API axial tensile yield strength
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3.2.2 Abbreviations

CAL Connection application level for which the successfully tested pipe [size, mass (label: weight), grade]
and connections are intended to be used

CCS Critical cross-section

CCW  Counter-clockwise direction

Ccw Clockwise direction

CEPL Capped end pressure load (tension)
CEYP Capped end yield pressure

CRA Corrosion-resistant alloy

EUE External upset end

FMU Final make-up specimen condition

kips 1 000 Ibf (pound-force)

ksi 1 000 Ibf (pound-force) per square inch
Ib Pound mass
LL Limit load

LP Load point

LP1 Limit load test path 1

LP2 Limit load test path 2

LP3 Limit load test path 3

LP4 Limit load test path 4

LP5 Limit load test path 5

LP6 Limit load test path 6

LP7 Limit load test path 7

LP8 Limit load test path 8

M/B Make-up/break-out

MBG  Make/break galling test specimen condition
MC Mechanical cycle

MT Material test coupon

MTC Metal seal threaded and coupled connection

MTM Metal-to-metal seal
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MU Make-up

OCTG OQil country tubular goods
PTFE Polytetrafluoroethylene
r/min Revolutions per minute
RRG Round-robin galling test specimen condition
RS Resilient seal

SRG Seal ring groove

Std Standard

TC Thermal cycle

TLE Test load envelope

TSC Thread sealing connection
T&C Threaded and coupled

VME Von Mises equivalent stress

4 General requirements

4.1 Connection geometry, test load envelope and performance data sheet

The manufacturer shall provide connection geometry and a performance data sheet for the product stating its
connection application level and its geometry and performance properties in terms of tension, compression,
internal pressure, external pressure, bending, and torque compared to the pipe body. See Table A.1 for the
connection geometry and performance data sheet. The manufacturer shall provide a drawing, which is
representative of the cross-sectional area of the connection. The manufacturer shall also provide a test load
envelope in graphical form (VME plot) and should quantify limit loads. The manufacturer's own method of
calculation should be used to derive the connection test load envelope and to calculate the test loads.
Performance data or the method described in Annex B may be used.

Annex B has been provided as a means by which a manufacturer or user may estimate the test load envelope
using a connection performance model based on capacities of specific critical cross-sections in the
connection.

The manufacturer should define as completely as possible the limit loads for each connection. A user may
also make an independent estimate of the limit loads. Limit loads shall be greater than the test load envelope.

It is critical that the combined load capacity described by the test load envelope be defined near and
throughout the conditions where the dominant load sensitivity of the connection may change from pressure to
axial force and/or bending or vice versa. Connection equations, whether analytically or experimentally based,
shall define the test load envelope for all combinations of pressure and axial force and for bending (as
applicable). These equations shall also be suitable to calculate the test loads based on actual yield strength
and geometry of the specimen and include any other structural or sealing performance requirements. The
form of the equation shall facilitate the calculation of the pressure value given the axial load, with or without
bending.

Since casing and tubing connection designs and the resultant performance can vary widely, no overall
requirement for the minimum number of values in a tabular data format can be mandated. However, it is
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expected that approximately 10 combined load values of pressure and axial force per quadrant should be
sufficient to define the test and limit loads. If a connection design exhibits changes in load sensitivities, the
loads at which the changes in load sensitivity occur shall be provided.

In the calculation of both pipe body and connection load capacities, it is the intent of this International
Standard to test the specimens to as high a load or combination of loads as safely practical.

In the event that unanticipated events result in deviations to the detailed requirements and or procedures,
such deviations shall be clearly identified in the documentation.

4.2 Quality control

All quality control procedures for the manufacturing of test specimens shall be documented and shall be
consistent with procedures used for connections manufactured for well service. The connection manufacturer
shall ensure that the connections manufactured for the purpose of these design verification tests are of the
same design and manufactured to the same dimensions and extremes of tolerances (see Clause 6) as those
supplied for well service. The connection manufacturer shall issue a declaration of conformity (see for
example, ISO/IEC Guide 22).The manufacturer shall provide the process control plan. This process control
plan shall include procedure number or drawing number as well as associated revision levels for all applicable
sub-tier documents (manufacturing, gauge calibration, gauging procedure, surface treatment, etc.). These
procedures and any others determined necessary to provide a consistent product for well service shall be
used during manufacturing of all test specimens (see A.4).

5 General test requirements

5.1 Test classes

5.1.1 Principle

Connection performance data are generated by testing. Passing the tests demonstrates conformance of the
connection to the specified connection application level. Failure of some or all tests may result in a revision of
the connection design or a revision of the test or limit loads. In the first case, the testing shall be repeated. In
the second case, the tests that failed shall be repeated unless they conform to the revised load envelope.

Four test classes, known as connection application levels, are defined. These relate to increasingly arduous
mechanical service conditions in the application of casing and tubing connections. The test classes increase
in severity by increasing the number of test parameters and test specimens.

The classes of tests do not include all possible service scenarios. For example, the presence of a corrosive
fluid, which may influence the service performance of a connection is not considered and is beyond the scope
of this International Standard.

The user of this International Standard shall specify the connection application level required based upon the
needs for the particular service intended. Users of the connection should be familiar with the defined
connection application levels, the test load envelope and the limit loads. The connection application levels
(abbreviated CAL) are defined as follows.

a) Connection application level IV (8 specimens): most severe application

CAL IV is intended for production and injection tubing and casing for gas service. CAL IV test procedures
expose the connection to cyclical test loads including internal pressure, external pressure, tension,
compression and bending. CAL IV test procedures expose the connection to extensive thermal and
thermal/pressure-tension cycling incurring a cumulative exposure of about 50 h to gas at an elevated
temperature of 180 °C (356 °F) and pressure. Limit load tests to failure are conducted in all four
quadrants of the axial-pressure load diagram.
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b) Connection application level lll (6 specimens): severe application

CAL Ill is intended for production and injection tubing and casing for gas and liquid service. CAL Il test
procedures expose the connection to cyclical test loads including internal pressure, external pressure,
tension and compression. Bending is an optional load for CAL Il testing. The CAL lll test procedures for
thermal and thermal/pressure-tension cycling are less severe than CAL IV and incurring a cumulative
exposure of 5 h to gas at an elevated temperature of 135 °C (275 °F) and pressure. Limit load tests to
failure are conducted in all four quadrants of the axial-pressure load diagram.

c) Connection application level Il (4 specimens): less severe application

CAL Il is intended for production and injection tubing and casing, protective casing and for gas and liquid
service with limited exposure to significant external pressure. CAL Il test procedures expose the
connection to cyclical test loads including internal pressure, tension and compression. Bending is an
optional load for CAL Il testing and external pressure is not included. The CAL Il test procedures for
thermal and thermal/pressure-tension cycling are the same as CAL Ill. Limit load tests for CAL Il to failure
are conducted with internal pressure and axial load.

d) Connection application level | (3 specimens): least severe application

CAL | is intended for liquid service. CAL | test procedures expose the connection to cyclical test loads,
including internal pressure, tension and compression, using a liquid test fluid. Bending is optional for
CAL | testing and external pressure is not included. CAL | testing is conducted at ambient temperatures.
Limit load tests are conducted in two quadrants of the axial-pressure load diagram.

5.1.2 Previous tests

Connection test data obtained from tests performed prior to the establishment of this International Standard
may also be used as part of a design verification process or application test sequence, provided that parties to
agreements based on this International Standard can agree such tests were substantially conducted to the
technical and documentation requirements of this International Standard and that they give comparable
results.

5.1.3 Abbreviated tests and deviations

Some of the tests herein, rather than the complete test programme, may be adequate to verify suitability for
specific applications when experience and related test data, for example on other sizes, are available.
Deviation to the tests specified herein are acceptable, provided:

a) the planned deviations are clearly documented in advance,

b) there is clear agreement between the parties involved, and

c) the deviations are clearly identified in both the summary report and the full report of the tests.

A discussion of product line qualification and use of interpolation and extrapolation considerations is provided

in Annex G. More stringent acceptance requirements, sensitivity requirements and/or more extended
informative data may be agreed by the user and manufacturer.

5.2 Test matrix

Table 1 shows a matrix relating the connection application level to the relevant total number of test
specimens, their identification numbers and the relevant tests. Figure 1 is a summary of the test programme.
Specimens may be tested in series with multiple specimens in a single assembly. However, test loads shall be
imposed to the highest levels as required by the highest strength specimen.

10
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Table 1 — Test matrix — Test series and specimen identification numbers

Series A Series B Series C Internal
Connection (see 7.3.3) (see 7.3.4) thermal cycling Bake and test
application (see 7.3.5) thermal pressure
pplevel 4 quadrants with | 2 quadrants with cycle medium
mechanical mechanical Thermal/pressure and tension temperature | (external is
cycles cycles cycling liquid)
5 mechanical at ambient temperature
. . 50 thermal with pressure/tension?
At ambient Bending required
\% at ambient 5 mechanical at elevated temperature
temperature
temperature i i
50 thermal with pressure/tension? 180 °C
(356 °F) Gas
5 mechanical at ambient temperature
Total
number of Specimens Specimens Specimens
specimens 2,457 1,3,6,8 1,2,3,4
=8
5 mechanical at ambient temperature
. . 5 thermal with pressure/tension
. Bending optional
At ambient ; .
1] at ambient 5 mechanical at elevated temperature
temperature
temperature ) .
5 thermal with pressure/tension 135 °C
- , (275 °F) Gas
5 mechanical at ambient temperature
Total
number of . Specimens Specimens
specimens Specimens 2,4,5 1,3,6 1,2,3,4
=6
5 mechanical at ambient temperature
Bending optional 5 thermal with pressure/tension
Il at ambient 5 mechanical at elevated temperature
CAL Il does not temperature | 5 thermal with pressure/tension 135 °C
require external 275 °F Gas
pressure test 5 mechanical at ambient temperature ( )
Total
number of Specimens Specimens
specimens 1,2,3,4 1,2,3,4
=4
Bending optional
at ambient
CAL | does not temperature , CAL | does
. CAL | does not require : -
Total require external . not require Liquid
thermal cycling test
number of pressure test . bake
) Specimens 1,2,3
specimens
=3

a

tested to Annex J.

Only five thermal cycles are required for CAL IV casing. Five thermal cycles also apply to CAL IV tubing with redundant seals

11
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Speclmen
preparation
Thread-seal

interference

- Thread taper

Make and
break
properties

Amount thread
compound/
torque shown
in each block®

Bake
- CAL 1L L, IV

Series A

Series B

Series C¢

:Structural tests
CAL
IV and 1l

Path No.

Path No.

Path No.
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MU (A) MU (A) MU (A) MU (A) MU (A) MU (A) MU (A) MU (A)
7.2.2 7.2.2 7.2.2 7.2.2 7.2.2 7.2.2 722 7.2.2
H/L H/H H/H H/H H/L H/H H/L H/L

RRG (B) RRG (B) RRG (B) RRG (B)
724 724 724 724
L/H® L/H® L/H L/H
MBG (B) MBG (B) MBG (B) MBG (B)
7.2.3 7.2.3 7.2.3 7.2.3
L/H® L/H L/H L/H
FMU (B) FMU (B) FMU (B) FMU (B) FMU (B) FMU (B) FMU (B) FMU (B)
7.2.5 7.25 7.2.5 7.2.5 7.25 7.2.5 7.25 7.25
H/L H/H H/H H/H H/L H/H H/L H/L
Bake Bake Bake Bake Bake Bake Bake Bake
7.3.2 7.3.2 7.3.2 7.3.2 7.3.2 7.3.2 7.3.2 7.3.2
TICpilpo TICpilpo TICpilpo TICpilpo
7.3.3° 7.3.3° 7.3.3 7.3.3
TICpiw B c T/ICpiw B c TICpiw B TICpyw B
7.34 CAL I 7.34 CALI 7.34 7.34
Thermal Thermal Thermal Thermal
cycle cycle cycle cycle
7.3.5¢ 7.3.5¢ 7.3.5¢ 7.3.5
Failure test Failure test Failure test Failure test Failure test Failure test Failure test Failure test
pnt* ToF||C+poto F TtoF pot CtoF|| T+pitoF || pj+ CtoF poto F py+t Tto F
7.5.1 7.5.2 7.5.3 7.54 7.5.5 7.5.6 7.5.7 7.5.8
P1 P2 P3 P4 P5 P6 P7 P8
Failure test Failure test Failure test Failure test
pptTtoF|| pj+CtoF TtoF T+ptoF
7.5.1 7.5.6 7.5.3 7.5.5
P1 P6 P3 P5
Failure test Failure test Failure test
prtTtoF|| pj+CtoF TtoF
7.5.1 7.5.6 7.5.3
P1 P6 P3

Figure 1 — Connection application level test programme



The abbreviations shown refer to the following test method titles:

(A): Connection A end

(B): Connection B end

MU: 7.2.2 Make-up

MBG: 7.2.3 Make-up/break-out test for galling resistance

RRG: 7.2.4 Round-robin make-up/break-out for galling resistance
FMU: 7.2.5 Final make-up

Bake: 7.3.2

TIC p;lp,:  Tension, compression internal pressure and external pressure
TIC p;/wB: Tension, compression internal pressure and bending

pip + Tto F:7.5.1 High internal pressure with tension increasing to failure
C + p, to F: 7.5.2 Compression with external pressure increasing to failure

Tto F: 7.5.3 Tension increasing to failure.
P, + Cto F: 7.5.4 External pressure with compression increasing to failure

T+ p, to . 7.5.5 Tension with internal pressure increasing to failure
p; + Cto F: 7.5.6 Internal pressure with compression increasing to failure
P, to F: 7.5.7 External pressure increasing to failure

p; + Tto F: 7.5.8 Low internal pressure with tension increasing to failure

Thread-seal interference abbreviations:
H-L: Thread high — seal low

L-L: Thread low — seal low

H-H: Thread high — seal high

L-H: Thread low — seal high

Thread taper abbreviations:

PSBF: Pin slow taper box fast taper

PFBS: Pin fast taper box slow taper

NOM-NOM: Pin nominal taper box nominal taper

Thread compound/torque abbreviations:
H/L: High amount of compound/low torque
H/H: High amount of compound/high torque
L/H: Low amount of compound/low torque

@  For CAL I, do not use Specimens 7 and 8.

EN ISO 13679:2006

b Applicable for CAL I, CAL Ill and CAL IV, only. For CAL | make/break conditions refer to Tables 5 and 6.

¢ CAL Il specimens receive only Series B and Series C testing (See Table 1).

d  CAL I does not require Series C testing (see Table 1).

€  For CAL |, RRG on specimens 2 and 3 is not required. Specimen 2 receives MU only. Specimen 3 receives MBG.

Figure 1 (continued)
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5.3 Test programme

5.3.1 Physical testing

Conduct a physical test programme of make-up/break-out tests, test load envelope tests and limit load tests in
accordance with the procedures stated in this International Standard.

Instructions in this International Standard shall be followed. If adverse conditions not specifically addressed in
this International Standard are encountered, all deviations from this International Standard shall be

documented in the test reports. In addition, a statement(s) should be provided to justify why the tests should
be considered adequate.

5.3.2 Assessment of test results

5.3.2.1 General

Assess the results of the physical test programme, in accordance with Clause 8, following the procedure given
in5.3.2.2t05.3.2.4.

5.3.2.2 Test results that conform to the stated connection application level

By successfully conforming to the requirements for all the make/break tests, the test load envelope tests and
the limit load tests, the connection in the size, mass (label: weight) and grade of material (i.e. same yield
strength and chemistry) tested has demonstrated conformance to the connection rating at the stated
connection application level.

Limit load tests have minimum acceptance criteria, which define passing the tests. The TLE may be adjusted,
as described below, after the tests in order to achieve passing.

5.3.2.3 Test results that do not conform to the stated connection application level

When the test results do not conform to the requirements of the test load envelope tests, the results may be
evaluated for:

a) a connection design revision followed by a full re-test; or

b) a revision of the test load envelope followed by re-test of all test specimen(s) which did not meet the
requirements of the revised test load envelope for that specimen.

For a premature limit load test failure
— adesign revision and full retest of all specimens shall be performed, or
— arevision of the TLE shall be made.

If the test results comply with the revised TLE and limit loads, no further testing or action is required. All limit
loads shall exceed the test load envelope.

In case of the malfunctioning of testing facilities or test execution, which is not related to product design,
neither a connection design revision, test load envelope revision nor limit load revision is required, but the
specimen(s) or replacement specimen(s) shall be re-tested in full. Any event not conforming to acceptance
criteria shall be reported. The number of retests and the need for the retests shall be included on the summary
and detailed test reports.

14
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5.3.2.4 Reporting of test results
Report the assessment of test results in the first section of full and summary test reports. All connection leaks,

regardless of volume or rate, shall be reported on the data sheets and identified on the pressure plots. All
equipment leaks, regardless of volume or rate, shall also be identified on the pressure plots.

5.4 Calibration and accreditation requirements

5.4.1 Accreditation
The laboratory conducting these tests shall be either
a) accredited by a recognized national or international accreditation body, or

b) ata minimum, comply in full with 5.4.2 to 5.4.5.

5.4.2 Equipment calibration

Before testing begins, ensure that all load frames to be used for the tests have a valid calibration. In addition,
based on the connection manufacturer's or test laboratory's experience, measuring and recording instruments,
such as pressure gauges and thermocouples, shall be calibrated periodically. The test laboratory standards
for calibration and all of the calibrations shall be documented. Copies of current calibration test reports for the
load frame, temperature, pressure and torque measuring devices shall be included in the detailed test report.

Equipment calibration during a test programme may be appropriate based on the required test loads and past
equipment usage.

5.4.3 Annual load frame calibration

Each load frame used in an axial load or combined load test shall be calibrated in both tension and
compression modes at least annually with device(s) (i.e. load cells) traceable to national standards bodies.

The calibration should consist of two passes of a minimum of 10 equal increments ranging from the minimum
calibration load to the maximum calibration load (defined as the “loading range”). The calibration range of the
load frame shall cover the range of loads that will be applied in the test programme. The maximum frame
calibration load shall be greater than the maximum anticipated failure load of the connection/pipe being
evaluated.

The error, E,, and the percent error, £, are calculated as follows:

E, = F—F¢ (1)
E
E. =100—=L 2
p P (2)
where
F; is the indicated load;

F; is the actual load.

The percent error for all loads within the loading range of the frame shall not exceed + 1,0 % (see Annex F for
an example).

15
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5.4.4 Load frame verification

In the event that the load frame is subjected to unusual loads, such as applying a load beyond the calibration
range or if a failure occurs at an unexpected load that could indicate a calibration problem, a calibration bar
shall be used to verify the load frame calibration. This calibration bar shall be traceable to national standards
bodies and certified annually. In lieu of using the calibration bar, a full annual calibration may be performed.

5.4.5 Pressure transducer calibrations

Each pressure transducer shall be calibrated at least annually. The percent error for pressures within the
loading range shall not exceed + 1,0 %.

5.5 Rehearsal tests

Rehearsal tests are recommended. The purpose of a rehearsal test is to give the opportunity to, in an
abbreviated format, softly validate the connection design and testing procedures prior to beginning the official
testing. Test specimens for the official test should be threaded after the rehearsal tests are complete and
especially if material availability is a concern. For rehearsal testing, the specimen(s) with low metal seal
interference shall be tested for pressure sealing. Specimens with high metal seal interference shall be used to
validate the galling sensitivity of the connection.

5.6 Material property tests

Test the pipe material mechanically to determine the yield strength for calculation of the connection testing
loads and acceptance criteria.

The mechanical properties of the material shall be characterized by a documented procedure consistent
with the specification for the material. Typically this is ISO 11960 for low alloy steel or 1ISO 13680 for
corrosion-resistant alloys. For connections machined on line pipe the procedure shall be in accordance with
ISO 3183-1, ISO 3183-2, or ISO 3183-3 or API Spec 5L.

NOTE 1 For the purposes of this provision, ISO 11960 is equivalent to API Spec 5CT.

Tensile test specimens shall be cut from both ends of all lengths of pipe and coupling stock. In addition,
tensile test specimens shall be cut from the middle of all lengths of pipe and from the middle of lengths of
coupling stock longer than 3 m (9.8 ft). Tensile test specimens and the results of the tests shall be traceable to
the mother tubes and the location within the tube.

An alternative layout for pipe pups and tensile test specimens is given in Figure C.1. This layout provides the
material strength directly adjacent to the threaded connection. If specimens are cut as specified in Figure C.1,
the manufacturer shall modify the material property data sheet, as shown in Form C.1, to show the correct
coupon location and shall include a sketch similar to Figure C.1 showing the actual location of the specimen
pups and material coupons. If this alternate method is used, an elevated tensile test coupon should be taken
at each location where mechanical properties are measured. The measured yield strengths adjacent to the
thread to be used during the connection evaluation on each pup shall be the values used to calculate the test
loads.

Either a strip specimen (preferred) or the largest practical ASTM round specimen (see ASTM A370) shall be
used. The yield strength determined shall be the yield strength used for calculations. Additionally, the 0,2 %
offset proof stress shall be reported for information. A sketch of the test coupon shall be shown in the material
property data sheet, Form C.1. For one coupling and one pipe, plot the stress-strain or load-strain behaviour
from zero strain to 2 % strain minimum or to coupon failure (whichever occurs first) for one Series A or Series
B specimen and at elevated temperature for one Series C specimen.

Perform one ambient temperature tensile test on each material coupon.

Perform one elevated temperature tensile test at 135 °C (275 °F) for CAL Il and CAL lll and at 180 °C (356 °F)
for CAL IV on each middle coupon or on one of the end coupons of coupling stock shorter than 3 m (9.8 ft).
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For each elevated temperature test, report the actual coupon temperature by monitoring with a thermocouple
attached to the coupon.

Perform a chemical analysis on each middle material coupon or one of the end coupons of coupling stock less
than or equal to 3 m long (9.8 ft).

Report the material property data required on the material property data sheet, Form C.1.

NOTE 2 Consideration needs to be given to the limits of qualification of a connection if, within a specific strength grade,
high strength pipe is tested. Consideration needs to be given to the possible effects of anisotropy of mechanical properties
and of residual stress in cold worked CRA pipe (see ISO 13680 for information). Axial tensile testing may not be sufficient
to adequately characterize the pipe.

5.7 Make-up and break-out procedures

5.7.1 Principle

Make-up and break-out procedures and the thread compound used during testing should be consistent with
normal industry practice used in the field.

5.7.2 Make-up thread compound

The connection manufacturer shall specify the type and amount, with tolerances, of thread compound that
shall be applied to the connection, as well as the areas to which the thread compound shall be applied. These
thread compound criteria shall be the same as those used for field applications. The same thread compound
shall be used for all test specimens. Preferably, the maximum and minimum quantities should be specified as
mass. In addition, the manufacturer shall provide photographs and descriptions of how the thread compound
is to be applied. This includes photographs of connections with minimum and maximum thread compound.

5.7.3 Make-up torques

The make-up torques specified in Clause 7 are either the maximum or minimum torque recommended by the
manufacturer. For a high specified torque, 95 % of the maximum or a greater torque is acceptable. For a low
specified torque, 105 % of the minimum or a lower torque is acceptable. If the actual make-up torque lies
outside the required values, the connection shall be broken out and re-torqued. The manufacturer shall
specify the rotational frequency (r/min) range for make-up. All connections should be made up at no less than
90 % of the maximum recommended rotational frequency (r/min).

5.7.4 Make-up procedure

Make up each connection in the following manner. Record the results in the specimen make-up/break-out
data sheet, Form C.2.

For each make-up, clean and dry the connection completely, then weigh and record the amount of lubricant
applied to each connection member (pin and coupling or box). Monitor and record make-up and break-out
torques on torque-versus-turn plots. The turn resolution shall be at least 1/1 000 th of a turn. Torque-versus-
turn plots for all make-ups of Clause 7 and any additional make-ups considered relevant shall be included in
the full test report (see Clause 8 and Annex D). At the time of make-up, annotate each plot to indicate the test
specimen, pin-end and box-end, make-up number, date, time and any unusual observations.

Connections should be made up using tongs and tong dies typical of those used in the field. Vertical make-up
should be used. For coupled connections, floating of the coupling is prohibited (i.e. each side shall be made
up separately). Photograph all make-up equipment and at least one connection being made up. When
gripping couplings (or boxes), clamping forces should be controlled to prevent adverse distortion of the
internally threaded member.

When performing the make and break procedure, it is acceptable to have a “dummy pin” in the end that is not
being made up to help avoid damage.
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5.7.5 Break-out procedure

Break-out the connection test specimen with the same tongs and instrumentation as in 5.7.4 in accordance
with the manufacturer's procedure. Record the results in the specimen make-up/break-out data sheet,
Form C.2.

5.7.6 Break-out refurbishment

Following each break-out, pins and boxes may be refurbished using only techniques stipulated by the
connection manufacturer for field use. All such repairs shall be fully documented including repair time. Any
galling or other nonconformity shall be reported. A galling evaluation, including a clear description of the size
and nature of the damage, shall be part of the final report. Photographs shall be made of the galled surface,
repaired surface, repaired surface after the next break-out and the repaired surface after the final break-out
and shall be included in the final report.

5.7.7 Connection test specimen inspection

Inspect the connection test specimens carefully following each break-out. Evaluate and document on the
torque-versus-turn plots any correlation with observed connection galling. On the torque-versus-turn plots,
document any observations or variances that contributed to other make-up concerns (coupling or pin spinning
in tong dies, computer glitch/electrical spike which results in no torque-versus-plot printout, etc.). Record
dimensional inspection results on the specimen geometry data sheet, Form C.3.

5.8 Internal pressure leak detection

5.8.1 Principle

Leak detection requirements are critical for those connections that need to be gas or liquid tight. Alternate
methods of leak detection are shown below for use on different types of connections. The casing and tubing
connections shall be subjected to internal pressure and monitored with a system capable of trapping and
measuring all connection leakage.

5.8.2 Pressurization media

For CAL I, lll, and IV, all tests with internal pressure to verify the test load envelope shall be conducted with
dry nitrogen. At the option of any of the parties to the test, a 5 % helium tracer gas may be added. For CAL |,
all tests with internal pressure to verify the test load envelope shall be conducted with solids-free liquid or dry
nitrogen as agreed in the test plans. All limit load tests (i.e. planned failure tests) shall be conducted with liquid
as the pressuring medium unless otherwise specified and agreed in the test plans.

5.8.3 Test safety

For safety considerations, specimens subjected to gas pressure testing should include an inserted filler bar.
The filler bar material should either not be porous or should bleed off the test medium quickly to avoid
problems with interpreting the test results. The bar should be dimensioned to reduce the internal specimen
volume substantially but shall not result in any mechanical interference with the specimen when the specimen
deforms during test execution (see Figure 8 in 5.10.2). Filler bars should be centralized to ensure no contact
with the test specimen D; within one pipe diameter of the connection.

5.9 Internal pressure leak trap device

5.9.1 Alternatives

The connection test specimen shall contain one, or more, of the following internal pressure leak trap devices.
When the tests will be at elevated temperature, the materials shall be rated for temperature above the test
temperature.
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5.9.2 Collared leak trap device

A collared leak trap device consisting of an O-ring held against the face or OD of the box by a ported collar
containing a flange with at least four bolt-holes. Four longitudinal bolts maintain the collar tight against the
face for sealing. A second O-ring is used to seal the collar against the pipe body using a separate bolted ring
as shown in Figure 2.

5.9.3 Flexible boot leak trap device

A flexible boot trap device consisting of a flexible material, such as silicone, that encapsulates the end of the
box. A sealant is used between the pipe OD, box OD and the boot. Hose clamps are used to secure the boot
to the pipe and the box OD. A tube is placed between the boot and pipe OD, using the sealant to ensure that
escaping gas exits by the boot as shown in Figure 3.

5.9.4 Ported box leak trap device

A vent hole is drilled through the box over the pin run-out threads near the end of the box face to allow
escaping gas to exit the connection. The hole is tapped and fitted with a threaded adapter to which a flexible
hose is attached. The face of the box shall be sealed to prevent any gas from escaping out of the end of the
box as shown in Figure 4.

Assemble the ported box (Figure 4) in the following manner:

Y

) drill, tap and de-burr holes before make-up;

b) assemble connection;

c) install threaded fittings into holes using thread sealer, such as PTFE;

d) clean and seal the ends of the coupling with silicone sealant or equivalent;

e) allow sealant to cure.

LSS

8 9 5 6
Key
1 metallic flange 6 pipe
2 threaded rod 7 flexible hose
3 springs 8 o-ring
4 threaded nut 9 flat face gasket
5 coupling

Figure 2 — Collared leak trap device for internal pressure leak detection
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5
Key
1 flexible boot
2 hose clamps
3 metal tube or flexible hose (heat resistant for Test Series C)
4 sealant
5 small gap for good leak detection sensitivity

Figure 3 — Flexible boot leak trap device for internal pressure leak detection

)

Key

1 tapped hole in run out threads with threaded fitting
2 sealant
3 flexible hose

Figure 4 — Ported box leak trap device for internal pressure leak detection

5.9.5 Pressure test of leak trapping devices

Each trapping device shall be tested as follows:

a) check sealant and fitting for leaks by attaching a hose to a pressure supply; apply a gas pressure of
0,007 mPa to 0,014 mPa (1 psi to 2 psi) air or nitrogen; close off from supply and observe pressure
gauge for a decrease in pressure;

b) tighten or repair trapping device as necessary;

c) periodically remove fitting, clean hole as necessary and re-pressure test system as above;

d) ports may be close to metal-to-metal seal by agreement.
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5.9.6 Internal pressure leak detection sensitivity

The monitoring and measuring system for internal pressure leak detection shall meet a minimum leak
indication sensitivity of 0,9 cm3/15 min time period using a graduated cylinder of 0,1 cm3 graduations or a
sensitivity of 1 x 104 cm3/s under standard conditions for gas chromatograph or spectrometer system. If
helium tracer gas is used, the graduated cylinder based system shall have the capability of capturing the
accumulated gas for the analysis of helium content to verify or discount leak events.

When using a graduated cylinder, take care to compensate for changes in barometric pressure because these
changes may affect the leak detection sensitivity. It is recommended that prior to beginning any tests, a
separate “dummy” graduated cylinder (see Figure 5) replicating the leak detection device be set-up. This
separate “dummy” graduated cylinder would be used during analysis to determine if a connection is leaking or
if the change is due to a change in barometric pressure. The separate “dummy” graduated cylinder should
contain a gas bubble consistent with the size of the bubble in the inverted graduated cylinders of the
connections being monitored.

Leak indicators may be evaluated regarding their source if there is reason to believe the leakage is not from
the connection. A sensor calibrated to detect helium may be used to verify that any bubbles detected are
coming from the pressure medium and not from the thread compound de-gassing or from thermal expansion
of the connection or test equipment. Evaluation of the leakage source shall be based on conclusive analysis of
the leakage gas. If leakage is generated from a source other than the connection (e.g. the end caps), the
leakage source shall be repaired and testing continued. Report all leaks and their source (pressure fitting,
valve, connection, etc.). All leak indicators shall be reported and the basis for discounting leakage clearly
explained in the test report.

5.9.7 Internal pressure leak detection by bubble method

5.9.71 Principle

A leak detection system based on the bubble method is shown in Figure 5. The system is based on capturing
any and all gas that passes through a connection and collecting the gas in a container for measuring the
volume. The main components of the system are:

a) ameans of trapping the gas, such as the leak trap devices described above;
b) atube or flexible hose that connects the leak trap device to a bubble collection tube;

c) a bubble collection tube that consists of a clear graduated cylinder with 0,1 cm3 or smaller scale divisions.
The cylinder is filled with water and a flexible hose is placed inside the open end of the cylinder. The
cylinder and the end of the hose are submerged in a container of water and then inverted (see Figure 5).
A leak is visually detected if bubbles rise in the cylinder. The gas from the bubbles is measured using the
scale on the cylinder.

5.9.7.2 System verification for bubble method

Verify all internal pressure leak detection systems prior to a test programme by testing for leaks and assessing
sensitivity.

a) Test the system for leaks by applying 0,007 mPa to 0,014 mPa (1 psi to 2 psi) air or nitrogen gas
pressure. When the pressure stabilizes, close off the gas supply. Observe the pressure gauge for 2 min
for stability. Any drop in pressure indicates a system leak. Locate and repair any system leaks. Repeat
this procedure until the gas pressure remains stable for a minimum 2-min hold period.

b) Determine the sensitivity efficiency of the bubble leak detection system by introducing air and measuring
the output air in each bubble tube. Inject the air in 1 cm3 increments up to at least 10 cm3. Determine the
average relationship of output volume to input volume by plotting the data as shown in Figure 6. The
initial amount of input air required to start output air in the bubble tube (pre-charge) shall be recorded, but
will not affect the calculated leak rate and is therefore not considered in this sensitivity efficiency. The
sensitivity efficiency shall be at least 70 %. If it is less than 70 %, reconfigure the system to increase
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sensitivity. This sensitivity efficiency shall be used to correct all observed leak rates and volumes during
test execution according to Equation (3).

q
9 ac =22

Mds

(3)

where
qac Is the actual leak rate to be reported;

qo s the observed leak rate;
M4s IS the leak detection system efficiency.

6

1
A

e 2
L /(\ /. s,
5 5

flexible hose

water tank
graduated cylinders
heat resistant tube
leak trap devices

DO~ WN -

dummy graduated cylinder (same size and height above top of water as cylinders, see 3)

Figure 5 — Internal pressure leak detection by bubble method
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1 specimenend A
2 specimenend B

Figure 6 — Example of a plot for determining leak detection sensitivity

5.9.7.3  Start of test

Before starting a test load envelope test, pre-charge each leak detection system by injecting air into the
system near the box until a small amount of air collects in the bubble tube. Record this volume as the initial
amount of gas to be subtracted from any additional gas collected in the tube. This pre-charge volume shall be

sufficient to lower the water level to the scales on the graduated cylinder prior to the initiation of the test
sequences.

5.9.8 Internal pressure leak detection by helium mass spectrometer method

5.9.8.1 Principle

A leak detection system using a helium mass spectrometer (see Figure 7) includes the following:

a) ameans of trapping the gas;

b) a tube or flexible hose connecting the leak trap device to a carrier gas line;

c) a pure nitrogen carrier gas line that connects to a mass spectrometer;

d) a helium mass spectrometer (generally, the mass spectrometer uses a sniffing method of leak

measurement, and consequently, much care shall be taken to ensure the sniffer is working properly at
atmospheric pressure).

5.9.8.2 System accuracy

The helium leak measuring system shall be capable of measuring a total leak of 1 x 104 cm?3/s under
standard conditions or lower leakage rate.
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5.9.8.3 Calibration

The complete system shall be calibrated to the equipment supplier's recommendation and at least once
annually using a certified calibrated leak source. The calibrated leak source shall be used in place of a test
specimen with all other components of the leak detection system in place.

—~
>
~_
—
~_
~_
—
al
[0
alill]

0.0 & a5t &

1

internal pressure source

sampling valve

data logger

mass spectrometer detector

carrier gas regulators

test specimen (shown with two couplings and four connections: 1S, 2S, 3S and 4S)

Key

D O~ WN -

Figure 7 — Leak detection by helium mass spectrometer method

5.9.8.4 Multiple specimen leak measurement
A manifold scanner can be used to test multiple connections or specimens. Minimum required sniffing time

varies with equipment and shall be determined and demonstrated before starting the test. Each line shall be
sniffed no less than once per minute.

24



EN ISO 13679:2006

5.9.8.5 System verification
Before each test, flush the system with nitrogen or nitrogen with helium and then test by sniffing the gas

through the complete line and leak trap device. Check for proper helium content of the gas, demonstrating that
the lines are not plugged.

5.10 External pressure leak detection

5.10.1 Principle

The casing and tubing connections shall be subjected to external pressure within a system capable of
detecting the external pressure leakage. External pressure leak detection is recognized as more difficult and
less accurate than internal pressure leak detection. All external pressure tests shall be conducted with fresh
water. All displacements shall be reported.

5.10.2 Test safety

If external pressure testing is performed in conjunction with internal pressure testing, the specimens should
have an internal filler bar as specified in 5.8.3 (see Figure 8).

Key

1 port for pressure transducer for internal gas test, leak

6 internal filler bar, for safety
detection for external pressure test, shop air inlet to drain 7  test connection
8

water after external pressure test end cap containing bottom internal port, see 11

2 external pressure chamber 9 chamber, fully filled with water
3 hole, equipped with flexible hose to leak detection for 1g hole, for water pressure inlet to chamber
internal pressure test or pressure transducer for external 11

pressure test pressure test, water drain after external pressure test

4 testpipe . . 12 flexible hose that attaches to leak detection system
5 end cap, containing top internal port, see 1 (see 8 in Figure 9)

port for gas pressure inlet, water fill for external

Figure 8 — Example set-up for Test Series A
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8
9

valve to large graduated cylinder

valve to small graduated cylinder

large graduated cylinder with open top (approximately 100 cm?3 to 200 cm?3)

small graduated cylinder with 0,1 cm3 graduates with open top (approximately 25 cm?3)
water level

coloured water

adjustable cylinder support to allow bottom of cylinder to be located at 100 cm3 to 200 cm3 water level at start of each
hold period

flexible hose attached to top of chamber for internal gas tests and top port at one of end caps for external tests
flexible hose to large cylinder

10 flexible hose to small cylinder

Figure 9 — Example of leak detection system for Test Series A

5.10.3 Ported end caps

Connection test specimen end caps shall have holes that allow the inside of the specimen to be filled with
water. These holes shall have high-pressure fittings able to contain internal pressure during internal pressure
tests. Normally two holes are required, i.e. one for water inlet and one for air exit (air bleed). The air bleed
hole shall be at the opposite end of the specimen from the water inlet hole. The bleed hole shall be located in
the end cap so as to allow all of the air to be removed from the inside of the specimen. The ports shall also be
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located in such a manner as to allow all the water to be removed from the specimen for subsequent internal
gas tests.

5.10.4 Set-up for Test Series A

An example set-up for Test Series A is shown in Figure 8. During Test Series A, pressure loading changes
from internal pressure to external pressure and back several times. To minimize test time, the tests may be
conducted with an external pressure chamber in place for the entire series A. The external chamber may be
used as part of the internal pressure leak detection system subject to the following requirements.

a) Seek a leak detection sensitivity of 1 x 103 cm?3/s; however absolute demonstration may not be possible.

b) Fill the external chamber and flexible hose with water.

c) To validate suspected leaks, perform additional tests to confirm the rate and source.

5.10.5 Leak detection and measurement by water level

For internal gas tests, fill the flexible hose at the top of the chamber (see 12 in Figure 8) with water and
connect it to the leak detection system shown as 8 in Figure 9.

For external pressure tests, fill the inside of the specimen with water. Fill the flexible hose from the top of one
of the end caps (see 1 in Figure 8) with water and connect it to the leak detection system shown as 8 in
Figure 9.

During external pressure testing, a chamber encloses the test connection and some portion of the pipe on
both sides of the connection. During the external pressure testing, it has been observed that immediately after
reaching full pressure and axial load, there may be significant (greater than 0,9 cm3/15 min) water
displacement. This displacement usually exhibits a decreasing trend and is a “stabilization period” that shall
be performed before starting the required ISO hold period. In view of this test behaviour, the following criteria
should be used for external pressure tests.

a) Apply the full required external test pressure and close the pressure line valves from the pressurizing
pump.

b) Small pressure increases may be necessary immediately after closing the valves in order to maintain the
required pressure.

c) Begin recording the frame loads, pressures and bubble tube readings shortly after closing the valves
(within approximately 2 min).

d) Record the frame loads, pressures and bubble tube readings in 5-min increments.

e) Note the trend of the bubble tube displacements. A decreasing trend in displacement is normal and
indicates no connection leakage. A steady trend greater than 0,9 cm3/15 min or an increasing trend
indicates a possible connection leak.

f) A hold period is considered to be leak free when the following are satisfied:

1) for a 15-min hold:

i) four consecutive 5-min holds have been made;

i) the sum of the first three 5-min holds and the sum of the last three 5-min holds (i.e. two
consecutive rolling 15-min holds) do not exceed 0,9 cm? positive displacement;

iii) the 5-min hold period displacements do not show an increasing trend in displacement;
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2) for a 60-min hold:
i) thirteen consecutive 5-min holds have been made;

i) the sum of the first twelve 5-min holds and the sum of the last twelve 5-min holds (i.e. two
consecutive rolling 60-min holds) do not exceed 0,9 cm3/15-min positive displacement;

iii) the 5-min hold period displacements do not show an increasing trend in displacement.

For both internal and external tests, at the start of the test, the large graduated cylinder shown in Figure 9 is
approximately half filled with water. Before test loads are applied and adjusted, the large valve (see 1 in
Figure 9) is opened and the small valve (see 2 in Figure 9) is closed. The water level inside the large cylinder
will rise or fall with the applied test loads. At the start of a hold period, the small valve (see 2 in Figure 9) is
opened and the position of the small graduated cylinder is adjusted up or down so that the water level in the
small cylinder is near the bottom of the cylinder. The large valve (see 1 in Figure 9) is then closed. If a
specimen leak occurs, the water level in the small cylinder will rise and can be observed and measured in time
to give a leak rate. A colouring agent should be added to the water inside the cylinders for ease of viewing the
water level.

The water level in the small cylinder shall be recorded at the start and end of each hold period and at the
intervals stated in 7.3.2 when a leak occurs to determine the leak characteristic.

5.11 Data acquisition and test methods

5.11.1 General

The correct and adequate recording of data is fundamental to the qualification programme. Without adequate
records, it will not be possible to provide the objective evidence of the qualification of a connection.

5.11.2 Principle

For Test Series A, the primary loading is pressure and axial force at ambient temperature. Bending loads are
recognized as a secondary load accompanying axial load and shall be minimized as much as possible by
careful alignment of end caps and load frame. For Series B CAL |V tests, test bending loads are deliberately
added to the axial loads. For Series B CAL Il Il and | tests, added bending loads are optional. Specimens
tested in Series B with applied bending shall be instrumented to determine the bending load.

5.11.3 Procedure

5.11.3.1 General

Monitor and record the internal or external pressure, frame load, bending load and temperature that are
applied to the specimen. For all tests record the pressures, axial load and temperature continuously versus
time. Data may either be recorded continuously or digitally. For digital data acquisition systems, the data
acquisition rate should be appropriate for the expected load and pressure changes but shall not be less than 1
scan of all channels every 15 s.

Draw a graph of the pressure in the sealing proof tests using a pressure scale from zero to a full scale greater
than the maximum anticipated test load pressure. Draw a graph of the pressure applied in failure tests using a
full-scale pressure range greater than two times the maximum anticipated test load pressure. Draw a graph of
the machine tension load in sealing proof tests using a full-scale load range from zero to full scale greater than
the maximum anticipated test load tension. Draw a graph of the machine load in failure tests using a full-scale
load range of greater than 1,5 times the maximum anticipated test load tension. Temperature versus time
shall also be plotted using an appropriate resolution scale. Annotate the graphs for ease of later interpretation.
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5.11.3.2 Pressure and/or tension loads

Connect a pressure transducer to the internal or external pressure cavity of the specimen. Locate the
pressure transducer at the air bleed hole and not at the pressure inlet hole.

Load each specimen at an axial stress rate of 105 MPa/min (15 000 psi/min) or less. Load each specimen
with pressure at a rate of 105 MPa/min (15 000 psi/min) or less. Loading the specimens may be performed
continuously or intermittently. However, in the case of intermittent loading the rates for axial load and pressure
increments shall not exceed the maximum rates. There is no maximum or minimum rate for removing
pressure or axial loads.

NOTE These rates are specified to ensure that accurate sealing and structural performance data are recorded in the
tests.

5.11.3.3 Bending loads

When measuring bending using strain gauges, place the four biaxial strain gauge rosettes on at least one of
the pipe bodies (and preferably on both pipe bodies) at a single cross-section plane and at a distance of at
least 3+/Dt from the connection and any end cap or gripping fixture. Equally space the strain gauges around
the circumference at 90° spacing. The position/orientation of each gauge shall be documented. Other
instrumentation may be used to monitor bending if its accuracy can be shown to be equivalent to four biaxial
strain gauge rosettes.

Apply and control bending at the connection to at least the minimum bending moment for deliberate bending
tests as determined by measured strains from the pipe body strain gauges and according to the moment
distribution calculation below for three-point bending. Monitor the pipe body strain gauges, calculate the
bending stress, moment and dogleg and continuously record the dogleg.

Three load methods for deliberate bending are recognized:

a) Four-point bending:

For a four-point bending fixture, locate both bending load cylinders at equal distances from the end
reaction points and ensure they impose equal load.

b) Three-point bending:
For three-point bending (centre load applied on the coupling), apply a correction to the strain data
bending results in proportion to the ratio of the distance from the outer load point to the centre of the
coupling divided by the distance from the outer point to the centre of the strain gauges. This correction
gives the bending values at the coupling.

c) Uniform bending from rotating end fixtures:

For rotating end fixtures, the applied bending moment shall be the same on both ends.

5.11.3.4 Tests to failure
Monitor and record the internal or external pressure and axial load that is applied to the specimen.
For each failure test, photograph the specimen after failure and show the location and mode of failure. Record

major loads and dimensions on the limit load test data sheet Form C.4. Report and retain test data in the test
reports (see Clause 9 and Annex D).
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5.12 Thermal cycling tests

5.12.1 General

The purpose of thermal cycling is to approximate service conditions and accelerate potential leakage by
applying thermal cycling while the connection is subject to axial tension and internal pressure loads.

5.12.2 Principle

A thermal cycle is a change from “maximum” temperature to “minimum” temperature and back to “maximum”
temperature and is illustrated in Figure 10.

CAL Il and Ill
1 1

135 °C min. - _
(275 °F) 3 ’_ ] M ]

Temperature

CAL IV
180 °C
(356 °F)

10 52 °C max. 1

(125 °F)

Time

Key

ambient temperature

five pressure/tension cycles at ambient temperature
minimum 60-min hold at elevated temperature
cooldown

minimum 5-min hold

heat up

perform five thermal cycles for CAL Il and Il tubing and casing as well as CAL IV casing, and 50 thermal cycles for
CAL 1V tubing. Perform five thermal cycles for CAL IV tubing with redundant seal tested to Annex J.

8 typical thermal cycle (shall be at least 30 minutes)

9 five pressure/tension cycles at 135 °C (275 °F) for CAL Il and Il and at 180 °C (356 °F) for CAL IV
10 initial heatup

11 final cooldown

N o b ON =

Figure 10 — Test Series C thermal/mechanical cycles for CAL Il, lll, and IV

30



EN ISO 13679:2006

5.12.3 Apparatus

The temperature changes for the thermal cycling tests may be produced by any means capable of producing
sufficiently large temperature variations throughout the connections of the test specimens. The apparatus
should avoid subjecting the test specimens to a substantially higher temperature than required by the test
procedure.

The maximum temperature observed on the test specimen should be recorded at each load condition when
the temperature observed is more than 16 °C (30 °F) higher than the intended test temperature.

5.12.4 Procedure

Refer to 7.3.5 and Figure 10 for thermal cycle load steps. A minimum time of 5 min shall elapse at or above
the maximum temperature and 5 min at or below the minimum temperature. The maximum temperature shall
be greater than or equal to 135 °C (275 °F) for CAL Il and CAL Il and greater than or equal to 180 °C (356 °F)
for CAL IV. The minimum temperature for all application levels shall be less than or equal to 52 °C (125 °F).
Minimum time per cycle is 30 min. Cycles may be continuous or interrupted as required for overnight
shutdown or equipment repair. The five pressure/tension cycles performed at the beginning and end of Test
Series C shall be performed at ambient temperature.

At ambient temperature the maximum mechanical loads are as specified in a) and b).

a) Tension is the lesser of 80 % pipe body yield (or coupling yield) or 80 % connection test load envelope
based on material yield at ambient temperature.

b) Internal pressure is the lesser of 95 % VME pipe body yield (or coupling yield) or 95 % VME connection
test load envelope, with both loads based on the above 80 % tension and material yield at ambient
temperature.

At elevated temperature the maximum mechanical loads are as specified in ¢) and d).
c) Internal pressure is the same as the ambient pressure above.

d) Tension is the lesser of 90 % VME pipe body yield (or coupling yield) or 90 % VME connection test load
envelope based on material yield at the specified elevated temperature.

Other methods to establish the pressure and tension for ambient and elevated temperature tests may be used
provided the intent is consistent with having a high internal test pressure for both the ambient and elevated
temperature tests and as high an axial load as practical. The basis for using the alternate method shall be
documented in the test report.

Monitor the temperature during testing with thermocouples. Ensure that the temperature measured is not
affected by local temperature variations in the vicinity of the thermocouple and that the temperature measured
is representative of the connection’s temperature. If heating or cooling is only being applied on one side of the
connection, temperature measurements should be taken on the opposite side from where the temperature
variations are being applied.

If the testing apparatus has been shown to apply uniform heating and cooling to the specimens, a single
thermocouple may be used to monitor the thermal-cycling tests. If significant temperature variations are
possible in the specimen, multiple thermocouples shall be used and an average temperature from all
thermocouples shall be used to monitor the tests.

During the thermal cycling test, there may be small changes in the water level in the graduated cylinders.
Variations of + 0,1 cm3 to + 0,4 cm3 and more occur randomly and may not be related to a connection leak.
The rapid thermal changes and barometric pressure changes cause these water level variations. The 5-min
hot and cold holds only have a 0,3 cm3 allowable displacement (0,9 cm3/15 min = 0,3 cm3/5 min). Therefore,
the leak evaluation criteria for this test are as follows.
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If during any of the 5-min hold periods, more than 0,3 cm3 is collected from a specimen, then the hold
shall be extended another 10 min, for a total of 15 min.

If the displacement is more than 0,9 cm3 for the 15 min-hold, then a 1-h hold shall be performed to
characterize the leak, recording the displacement in 5-min intervals (as required in 7.3.2).

6 Connection test specimen preparation

6.1 General connection test objectives

Control and definition of test specimens is critical since this testing method is based on extreme-
tolerance/worst-case connection configuration evaluation and not random sampling of a population. Extreme-
tolerance evaluation addresses performance parameters of dimensions, mechanical properties, make-up
torque and the type and amount of thread compound. Product tolerances are based on performance,
manufacturing capabilities and cost of manufacture. It is significant to recognize that this test procedure does
not provide the statistical basis for risk analysis.

Manufacture and test the connection specimens at the worst-case performance extremes that can be
produced according to the drawings, quality plan, running (including doping) procedures and make-up torques
described in the connection geometry and performance data test sheets and quality control procedures.
Table 2 gives general connection test specimen objectives for each specimen. Table 3 gives guidance for
selecting specimens for testing a metal-to-metal sealing, tapered thread connection with a torque shoulder.
The test specimen extremes shall conform to these test objectives. For connections with attributes different
than Table 3, worst-case extremes shall be determined and documented and used in the tests.

Table 2 — Connection test specimen objectives for all CAL

Limit load testing
Test path number?2
Specimen o o . oy Text CALI CAL Ill
number Make-up objective | Test load objective Testing objective reference and Ii and IV
1 Thread galling Mlplmum Iiak ngh mtgrnal pressure ywth 751 LP1 LP1
integrity tension increasing to failure
2 Pin maximum axial nl_wi\i:(n:ﬁrsr:srtfglfee-ﬁt Compression with external 752 LP6 Lp2
stress ) b P pressure increasing to failure e (see 7.5.6)
tightness
Maximum box hoo Leak resistance at
3 stress Pl maximum make-up Tension to failure 7.5.3 LP3 LP3
tightness ©
. External pressure with LP5
Worst-seal galling Minimum leak o . (see 7.5.5)
4 b : . compression increasing to 754 LP4
tendency integrity failure (CAL Il
only)
5 Thread galling M|p|mum I(ka)ak Ten3|.on W|th.|nternallpressure 755 LP5
integrity increasing to failure
] - Internal pressure with
6 Worst thread b Mlmmum leak compression increasing to 7.5.6 LP6
galling tendency integrity failure
Worst-seal galling Maximum leak LR
7 b . . External pressure to failure 757 (CAL IV
tendency integrity
only)
. . . . LP8
Worst-seal galling Maximum leak Low internal pressure with
8 b . . L . . 7.5.8 (CAL IV
tendency integrity tension increasing to failure only)
@ Test path numbers refer to failure tests shown in Figure 18 or Figure 19.
b Primary test objective.
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Table 3 — Guidelines for selecting connection test specimens for testing a metal-to-metal sealing,
tapered thread connection with a torque shoulder

Summary

Pin

Box

Specimen of Made-up condition . Thread . Seal thread thread Final
number Lo interference | interference torque
objectives taper taper
1 Sealing Minimum seal interference High Low Slow Fast Minimum
2 Sealing Maximum torque into Low Low Slow Fast Maximum
shoulder
3 Sealing Maximum overall tightness High High Nominal | Nominal | Maximum
4 Seal gall!ng Maximum seal interference Low High Fast Slow Maximum
and sealing
5 Sealing Minimum seal interference High Low Slow Fast Minimum
Thread
6 galling and | Minimum seal interference High Low Slow Fast Maximum
sealing
7 Seal gall!ng Maximum seal interference Low High Fast Slow Minimum
and sealing
8 Seal gaII!ng Maximum seal interference Low High Fast Slow Minimum
and sealing

6.2 Connection test specimen identification and marking

Identify each connection test specimen by marking with the following information (see Figure 11).

a) The connection test specimen number (i.e. 1, 2, 3, 4, 5, 6, 7 or 8) shall be placed on both pups and the
couplings (as applicable).

b) The pup joint designation (A or B) shall be placed after the specimen number.

c) The coupling side designation (A or B) shall be placed at the appropriate end of the coupling.

d) Identify replacement and/or re-machined connections with an “R1” after the “A” or “B” identification the
first time they are reworked, “R2” the second time they are reworked, etc.

6.3 Connection test specimen preparation

6.3.1 Additional and unsupported pipe lengths

Prepare connection test specimens such that for each specimen, each pipe length has:

a) minimum unsupported pup joint length Ly, (see Figure 11) that is calculated from Equation (4):

ij > D +6+/Dt

where

D

t

is the specified pipe outside diameter;

is the specified wall thickness;

b) additional length for gripping and/or plugs shall be provided.

c) scribe specimens to allow measurement of lengths L,, Lg and L. and record them on Form C.3.
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1 end fixture
2 strain gauge rosettes for measuring bending

3 minimum distance of 3y/Dr between strain gauge rosettes and connection (leaving minimum distance of D+ 3+/Dr
between strain gauge rosettes and end fixture)

4  pin

5 box

a8  Connection specimen number is designated by 1,2,3, etc. and A and B are pup joint and coupling side designations.

b Ly; is the minimum unsupported pup joint length (D+6\/E ), see 6.3.1.

Figure 11 — Connection test specimen nomenclature and unsupported length

6.3.2 Pipe and coupling stock

Connection test specimens should be machined on pipe and coupling stock that is manufactured consistent
with standard mill/thread practices as follows:

a) machine connections for upset pipe on upset pipe;

b) machine connections for swaged pipe on swaged pipe;

¢) machine flush connections for plain-end pipe on plain-end pipe.

It is acceptable, but less desirable, to manufacture connection specimens from material stock by machining
external upsets to replicate the product configuration. If the upsets are machined, the configuration that is not

normally machined, and the length shall be to the minimum allowed by the manufacturer. The test reports
shall indicate that the test specimens were machined from thick wall cylinders, when applicable.
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6.3.3 Material requirements

For each set of test specimens:

a) the A-end and B-end pup joints shall come from one lot;

b) coupling material shall come from one lot;

c) for integral connections, material for both pin and box shall come from one lot;

d) the material properties of each mother joint shall be determined in accordance with 5.6;
e) all material should be in compliance with a specified material specification;

f)  the total range of measured yield strength at room temperature for each mother pipe shall be less than or
equal to 70 MPa (10 ksi);

g) the average yield strengths of all mother pipe shall be within a total range of 70 MPa (10 ksi);

h) the average coupling mother pipe yield strength shall not exceed the minimum average pin mother pipe
yield strength by more than 35 MPa (5 ksi);

i) if the pipe and coupling are not from the same specified grade, the difference between yield strengths
shall be by agreement between user and manufacturer;

j)  the actual minimum pipe body wall thickness shall not be greater than the specified wall thickness for the
pipe being tested.

6.3.4 Recording of data

All appropriate data shall be recorded on material property data sheet Form C.1.

6.4 Connection test specimen machining

Manufacture connection test specimens as specified by the connection manufacturer's process control plan.
The tolerances shall be as specified in 6.6.

The first article contour tracings, or equivalent such as impression moulds, (at minimum magnification of x20)
shall meet the applicable machine drawing dimensions of the specimen being threaded. The piece
representing the start of the thread lot shall be verified to meet the applicable machine drawing requirements
prior to machining the test specimens. The contour tracings, or equivalent, shall be part of the connection
manufacturer’s detail test report.

In the sealing area measure the surface roughness in accordance with the surface roughness specifications of
the product drawing and record in the test report. The measurement shall be taken after machining and before
surface treatment and shall be within the surface roughness specifications of the product drawing.

The selected surface treatment of each pin and box shall be consistent with the surface treatment applied to
production components. By agreement between manufacturer and user, especially on gall sensitive materials,
surface treatment of pin and box shall be at minimum (or maximum) of the tolerance range, depending on
which is deemed most severe for the connection.

If a connection test specimen is damaged before testing is completed, manufacture a replacement specimen.
This replacement specimen shall be machined and assembled to the same tolerances as the damaged
specimen, and all testing required for the original specimen shall be repeated. Identify replacement and/or re-
machined connections with an “R1” after the “A” or “B” identification the first time they are reworked, “R2” the
second time they are reworked, etc.
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All proprietary data, which are to be reported on the specimen geometry data sheet, Form C.3, may be
reported as a percent of tolerance range of the measured dimension, i.e. 0 % represents the minimum value
of the tolerance range of the measured dimension and 100 % represents the maximum value of the tolerance
range of the measured value. If using %, the measured value shall be retained in the thread manufacturer's
files. Note that 50 % represents the middle of the tolerance range. Connection primary seal ovality shall be
reported either as a real number or a percentage.

6.5 Machining tolerances

6.5.1 Worst-case performance objectives

The specific machining dimensions will depend on the type of connection. For connections with attributes
other than covered by Table 3 or if different machining tolerances are recommended, then the manufacturer
shall use analytical, computational (such as finite element analysis) and/or experimental techniques (such as
strain gauge testing) to provide objective evidence that the extreme dimensional configurations of the product
resulting in worst-case performance are tested. To select worst-case performance objectives, the
manufacturer shall take into account the minimum and maximum extremes of local seal contact pressure, total
seal contact load and total active seal contact length as influenced by machining parameters. For threaded
and coupled connections, side A and side B shall be machined to identical dimensional objectives.

Machining tolerances, which may be relevant to worst-case performance, include, but may not be limited to
the following:

a) seal diameters;

b) thread tapers;

c) pin nose thickness;
d) thread diameters;

e) surface roughness.

6.5.2 Example machining tolerances

As an example, for metal-to-metal sealing, tapered thread, connections with pin-nose torque shoulders,
Table 4 shows combinations of seal and thread diameters, thread tapers and final make-up torques which
have been found to provide the worst-case performance extremes corresponding to the test objectives in
Table 2. For this type of connection, the manufacturer should machine the specimens to the extremes in
Table 4 unless the techniques described in 6.5.1 indicate other tolerances should be tested.

Table 4 — Tolerance limits on machining objectives

Item Plus (+) tolerance Minus (-) tolerance

Maximum thread diameters No limit 0,025 mm (0.001 in)
Maximum seal diameters No limit 0,025 mm (0.001 in)
Minimum thread diameters 0,025 mm (0.001 in) No limit
Minimum seal diameters 0,025 mm (0.001 in) No limit
Thread tapers:

Maximum (fast) No limit 0,025 mm/25,4 mm (0.001 in/1 in)

Minimum (slow) 0,025 mm/25,4 mm (0.001 in/1 in) No limit
Taper tolerances shall apply to every incremental measurement of taper along the thread.
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6.6 Tolerance limits on machining objectives

Specimen dimensions shall conform to Table 4.

6.7 Grooved torque shoulder

For connection types with a torque shoulder on the front of the pin, the A ends (B ends for integral
connections) of specimens 1, 2, 3 and 4 (specimen 4 omitted for CAL ) shall have torque shoulders grooved
as shown in Figure 12 in order to simulate possible handling damage which could be sustained by
connections in the field. Grooves shall be applied before first make-up. Other specimen ends in the test may
have the torque shoulder grooved by agreement between connection manufacturer and user.

Inclusion of the torque shoulder pressure by-passing groove is at the option of the user and manufacturer for
other connection seal configuration types. Justification for omitting the pressure bypassing groove shall be
included in the full test report specified in Annex D, as well as the shorter summary test report specified in
Annex E. However, if any field dressing of the torque shoulder is allowed, the groove shall be included in the
connection test configuration of specimens 1, 2, 3 and 4 (specimen 4 omitted for CAL | test procedures).

Key

1 groove 0,2 mm (0.008 inch) deep, minimum

2 groove 0,2 mm (0.008 inch) deep, minimum, and located approximately 180° from Item 1
3 torque shoulder

4 threads

Corners at grooves 1 and 2 should be rounded to prevent possible galling. By-pass grooves shall not traverse into the pin
nose metal seal.

Figure 12 — Torque shoulder pressure bypassing grooves
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7 Test procedures

7.1 Principle

The procedures subject the worst-case connection configurations to test envelope loads and limit loads of the

pipe body or connection (whichever is less).

In accordance with the connection test specimen objectives (see Table 2), Table 5 provides a summary of test
procedures for each specimen according to seal interference condition, make/break condition and testing to
Series A, B or C (thermal cycling) and LL (limit loads to failure). For an MTC (metal-seal threaded and
coupled) connection, Table 5 provides further detail.

Table 5 — Specimen description and summary of test series for a metal-to-metal sealing,
tapered thread connection with a torque shoulder

FMU Final make-up (see 7.2.5)

H Manufacturer's recommended maximum value

one time only as specified in 7.2.2.

contact pressure or total seal contact load, i.e. the

integral of contact pressure

RRG Round-robin galling test (see 7.2.4).

Specimen description Make/break CAL IV CAL Il CALII CALI
Thread
d Torque Test
Speci Interference compoun Condition B end Test Series Test Series Test Series .
peci- Series
men g
Condition| iy [ [FMu| MU |[mB|FMU
No. [Thread| Seal CALIILIV|CALI| A (B|C |LL|A|B|C|LL (B|C|LL|B|LL
A end B end Aend B end
1 H L {[MinnSL| H |—| H L |—| L FMU |FMU| — |B| C |[LP1|—| B |[C|LP1|B |C |[LP1| B |LP1
2 L L [LowSL| H | L | H H |H| H RRG |FMU | A |—| C [LP2|A|—|C|LP2|B |C |LP6| B |LP6
3 H H [HighSL| H | L | H H |H| H RRG |[MBG|— |B| C [LP3|—| B |[C|LP3|B |C |LP3|B |LP3
4 L H [Max.SL| H | L | H H |H| H MBG — | A|—| C |LP4|A|—|C|LP4|B|C |LP5|—| —
5 H L [MinnSL| H | L | H L H| L RRG — | A|—|— |LP5|A|—|—|LP5|—|—| — |—| —
6 H L {MinnSL| H | L | H H H| H RRG — | —|B|—|LP6|—| B |[—|LP6|—|—| — |—| —
7 L H [Max.SL| H | L | H L H| L MBG — | A|—|—|LP7|—|—|—| — |—|—| — |—| —
8 L H [Max.SL| H | L | H L H| L MBG — | —[B|—|LP8|—|—|—| — |—|—| — |—]| —
Make-up — A ends MU (only) 8 6 4 3
Sum of specimen Aand B |Make/break galling — B ends MBG 3 1 1 1
ends for each make/break
condition Round-robin galling — B ends RRG 4 4 2 0
Final make-up — B ends FMU 8 6 4 3
Total number of specimens for each test class 8 6 4 3
MU  Make-up (see 7.2.2) L Manufacturer's recommended minimum value
M/B  Make-up/break-out LL Limit load (failure) tests (see Clause 7 and Table 2)
MBG Make/break limit galling test (see 7.2.3) SL  Seal interference condition determined by local seal

For threaded and coupled connections, all A ends shall be configured the same as the B ends described above and shall be made-up

NOTE  All threads on integral joint connections are identified as B end threads.

7.2 Make-up/break-out tests

7.21 Principle

All initial and intermediate connection make-ups for MBG and RRG shall be to maximum make-up torque with
the minimum amount of thread compound. The final make-up prior to test load envelope testing shall have the
maximum amount of thread compound applied to all connections and torque shall be in accordance with
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Table 5. For thread sealing connections (TSC), final make-up prior to test load envelope testing shall have the
minimum amount of thread compound and minimum amount of torque.

A galling evaluation shall be part of the final report, including photographs of the galled surfaces before and
after repair from the first galling event, the repaired surfaces after the next break-out and the final break-out.

For connection types not included in Table 5, the manufacturer shall provide thread compound and torque
values to meet the objectives of Table 2. Thread sealing connection and large diameter connection types may
follow Table 5 when the applicable columns are used.

All A ends receive only one make-up (MU) as specified in 7.2.2. All B ends receive a final make-up (FMU) as

specified in 7.2.5, with some specimens also receiving make-up and break-out testing as specified in 7.2.3
(MBG) and in 7.2.4 (RRG).

7.2.2 Make-up (MU) — A ends
For all A ends, make-up connection test specimens in accordance with the following procedure.

a) Refer to 5.7 for general make-up/break-out procedures. Record connection geometry data on the
specimen geometry data sheet, Form C.3.

b) The connections shall be clean and dry, and the mass of thread compound applied shall be recorded.

c) Make-up all assemblies as shown in Table 5 with the indicated amount of thread compound and make-up
torque (see Note).

d) Report results on the specimen make-up/break-out data sheet, Form C.2, and on the specimen geometry
data sheet, Form C.3.

NOTE All integral connections are “B” assemblies and do not have “A” ends.

7.2.3 Make-up/break-out test for galling resistance (MBG) — B ends
Make-up and break-out connection test specimen ends shall be in accordance with the following procedure.

a) Refer to 5.7 for general make-up/break-out procedures. Record connection geometry data on specimen
geometry data sheet, Form C.3.

b) The connections shall be clean and dry, and the mass of thread compound applied shall be recorded.

c) After each break-out, clean, examine and photograph the pin and box end in accordance with 5.7. On the
first and last break-out, record connection geometry data on specimen geometry data sheet, Form C.3.
Report results on the specimen make-up/break-out data sheet, Form C.2.

d) Make-up and break-out specimen end 4B for CAL Il and Il and ends 4B, 7B and 8B, for CAL IV nine times
for tubing and two times for casing. For CAL | make-up and break-out specimen 3B nine times for tubing

and two times for casing. All make-ups shall use the amount of thread compound and make-up torque
shall be as specified in Table 5. See 7.2.5 for final make-up.

7.2.4 “Round-robin” make-up/break-out test for galling resistance (RRG) — B ends

Make-up and break-out connection test specimen ends 2B, 3B, 5B and 6B shall be in accordance with the
following procedure.

a) Refer to 5.7 for general make-up/break-out procedures. Record connection geometry data on the
specimen geometry data sheet, Form C.3.

b) The connections shall be clean and dry, and the quantity of thread compound applied shall be recorded.
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c) After each break-out, clean, examine and photograph the pin and box end in accordance with 5.7. On the
first and last break-out, record connection geometry data on the specimen geometry data sheet,
Form C.3. Report results on the specimen make-up/break-out data sheet, Form C.2.

d) For CAL Ill and IV tubing and casing make-up and break-out ends 2B, 3B, 5B and 6B. For tubing, make-
up and break-out the ends four times, each time switching the pin members such that all four pins are
made-up with all four boxes. For casing, make-up and break-out the ends two times, using ends 2B and
5B together and ends 3B and 6B together. For CAL I, make-up and break-out specimens 2B and 3B four
times for tubing and two times for casing. The amount of thread compound and make-up torque shall be
as specified in Table 5. See 7.2.5 for final make-up.

7.2.5 Final make-up (FMU) — B ends
Make-up connection test specimens in accordance with the following procedure.

a) Referto 5.7 for general make-up/break-out procedures. Record connection geometry data on Form C.3.
b) The connections shall be clean and dry, and the quantity of thread compound applied shall be recorded.

c) Make-up all assemblies as shown in Table 5 with the indicated amount of thread compound and make-up
torque.

d) Report results on the specimen make-up/break-out data sheet, Form C.2, and on the specimen geometry
data sheet, Form C.3.

7.3 Test load envelope tests

7.3.1 Test load envelope calculation

In the calculation of both pipe body load capabilities and critical connection cross-section capacities, it is the
intent of this International Standard to test the specimens to as high a load or combination of loads as safely
practical. In view of this objective, the following variable definitions for load calculation and TLE and LL
normalization to minimum service TLE and LL guidelines shall be applied to each specimen.

a) Yield strengths:

Yield strengths selected shall be the minimum actual yield strength for the mother pipe of each specimen.
However, by agreement between the user and manufacturer, higher values of yield strength may be
used, such as the average for a mother joint rather than the minimum.

b) Outside diameters and inside diameters:
The specified outside diameter shall be sufficient and may be used for calculation purposes or the actual

average outside diameter may be used for calculation purposes. The D; shall be calculated using
minimum wall thickness (see below).

c) Pipe wall thickness and thickness at critical connection cross-sections:

Minimum actual wall thickness shall be used for calculation purposes for both pipe-body and connection
cross-sections.

For connections rated equal to the pipe body rating, the pipe body test load envelope shall be the minimum
calculated using:

— the actual minimum yield strength, the minimum wall thickness (but not greater than 95 % of the specified
wall thickness for the pipe) and the outside diameter of pup joint A;

— the actual minimum yield strength, the minimum wall thickness (but not greater than 95 % of the specified
wall thickness for the pipe) and the outside diameter of pup joint B;
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— the actual minimum yield strength of the coupling material, 95 % of the specified pipe wall thickness and
the specified pipe outside diameter. The calculations are made using equations for pipe body ratings the
same as if the pipe had the yield strength of the coupling material.

For connections that are rated less than pipe body load rating in any quadrant of the test load envelope, the

manufacturer shall establish methods to determine the loads for the specified test in that quadrant. If a

connection is rated less than the pipe body rating in compression, the tests shall include internal pressure

(external pressure as applicable) to 95 % VME (or the established pressure limit) at the compression rating.

As a cautionary note, testing in quadrants Il and Il typically requires special fixturing to prevent buckling.

7.3.2 Principle

In combined load testing, the total axial load is the sum of the load frame axial load plus the pressure-induced
axial load if any. In addition to the data required herein, the manufacturer shall record and report other data
the manufacturer considers pertinent to these tests. Use Form C.5, the connection leak log sheet, to record
any leakage during the tests.

The test hold time begins when load, pressure and temperature, as stated in Tables 6, 7 and 8, have been
reached and stabilized. Any pressure load step where leakage is detected shall be held for a minimum of 1 h
to determine the leak characteristic. Report the average leak rate over rolling 15-min intervals, every 5 min
during the 1-h hold.

Before Series A and B tests, all specimens except CAL| are subjected to a 12-h bake at a minimum
temperature as specified in Table 1. This procedure

a) reduces thread compound degassing later which may appear to be a leak, and

b) provides worst-case thread compound performance.

Testing may be occasionally interrupted at any point in the procedure by removing all loads, e.g. an overnight
shutdown or equipment repair. Testing shall then resume at the same load step in the procedure. Multiple

specimens may be tested simultaneously in series. However, the applied loads shall be the largest required
for all specimens in series.

7.3.3 Test Series A — Tension/compression and internal/external pressure (tubing and casing)
Submit the connection test specimens (see Table 1) to the following procedure.

a) Determine the axial loads for the hold points shown in Figure 13 and Figure 14 and in Table 6.

b) Determine the internal pressure for the load points shown in Figure 13 and Figure 14 and in Table 6.

c) Determine the external pressure for the load hold points shown in Figure 13 and Figure 14 and in Table 6.

d) Perform the test according to instructions in 5.9, 5.10 and 5.11 as shown in Figure 13 and Figure 14 and
in Table 6.

e) Report results on Form C.6, summary of observed bubble tube water displacement and Form C.5,
connection leak test log sheet.

41



EN ISO 13679:2006

42

Table 6 — Test Series A load steps (see Figures 13 or 14, as applicable) —

Testing in quadrants I, II, lll, IV (no bending) at ambient temperature
Loadstep | Loadpoint | QTR | BN | preseure® | i
1¢ 1 95 0 0 5
2¢ 2 95 95 0 60
3¢ 3 80 95 0 15
4c 4 CEPL 95 0 15
5¢ 5 0 95 0 15
6° 6 -33 95 0 15
7¢ 7 - 67 95 0 15
8¢ 8and9ef -95 0 0 5
Switch from internal pressure to external pressure
gc 109h -95 0 95 15
10¢ 119h - 50 0 95 15
11¢ 129h 0 0 95 15
12¢ 139 33 0 95 15
13¢ 149 67 0 95 15
14¢ 1 95 0 0 5
15d 14 67 0 95 15
169 13 33 0 95 15
17d 12 0 0 95 15
184 11 - 50 0 95 15
194 10 -95 0 95 15
Switch from external pressure to internal pressure
20°¢ 2 95 95 0 15
21 ¢ 3 80 95 0 15
224 8and9ef -95 0 0 5
234 7 - 67 95 0 15
244 6 -33 95 0 15
254 5 0 95 0 15
264 4 CEPL 95 0 15
274 3 80 95 0 15
284 2 95 95 0 15
294 1 95 0 0 5
30¢ 2 95 95 0 15
31¢ 3 80 95 0 15
32¢ 4 CEPL 95 0 15
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Table 6 (continued)

33¢ 5 0 95 0 15
34¢ 6 -33 95 0 60
35¢ 7 - 67 95 0 15
36¢ 8and9ef -95 0 0 5

Switch from internal pressure to external pressure

37¢ 109h - 95 0 95 15
38°¢ 119h - 50 0 95 60
39¢ 129h 0 0 95 15
40° 139 33 0 95 60
41¢ 149 67 0 95 15

Switch from external pressure to internal pressure

42¢ 1 95 0 0 5

43¢ 2 95 95 0 60

CEPL = capped end pressure load

a

b

Percentage of connection test load envelope

Smaller of 95 % test load envelope or 100 % ISO/API collapse, if test load envelope is equal to 100 %

ISO/API collapse then use 100 % ISO/API collapse.

Cc

Steps which are CCW.

d Steps which are CW.

€ For connection rated equal to pipe body, load points 8 and 9 are the same and equivalent to only one load
point.

f For connection weaker than pipe body in compression, load points 8 and 9 are different (see Figure 14).

9

h

Load points 10 to 14 are typically governed by pipe body collapse and not pipe VME vyield.

Load points 10 and 11 are not required to be a higher pressure than load point 12.
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Compression Tension

Axial load
Key

1 100 % VME pipe body yield envelope
2 95 % VME pipe body yield envelope
3 recommended intermediate load between steps 1 and 2

Load paths are repeated in CCW, CW, CCW directions for a total of 3 mechanical cycles.

Load points 8 and 9 are the same for connection equal to the pipe body in compression.

Load points 10 and 11 are not required to be a higher pressure than load point 12.

Load points 10 through 14 are typically governed by pipe body collapse and not pipe VME yield.

a8  Small-sized numbers are load points.

Figure 13 — Test Series A load path for connection rated greater than
or equal to pipe body in compression
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Compression Tension

Axial load
Key

1 100 % VME pipe body yield envelope
2 95 % VME pipe body yield envelope
3 recommended intermediate load step between steps 1 and 2

Load paths are repeated in CCW, CW, CCW directions for a total of 3 mechanical cycles.
Load points 10 and 11 are not required to be a higher pressure than load point 12.
Load points 10 through 14 are typically governed by pipe body collapse and not pipe VME yield.

a8  Small-sized numbers are load points.

Figure 14 — Test Series A load path for connection rated less than pipe body in compression

7.3.4 Test Series B — Tension/compression and internal pressure (tubing and casing)

Submit the connection test specimens (see Table 1) to the following procedure. Note that for CAL I, 1l and Il
bending is optional, for CAL IV bending is normative.

a) If bending is used, determine the equivalent axial tension and compression loads for bending equivalent
to 40 % of the pipe body vyield strength, 40 % of the connection yield strength (see Note) or dogleg of
19,7°m/30 m (20°/100 ft), whichever is less.

b) Determine the axial loads and internal pressure for the hold points shown in Figure 15 and Table 7
without bending.

c) Determine the axial loads and internal pressure for the load points shown in Figure 16 or Figure 17 and
Table 8 with bending.

d) Perform the test according to instructions in 5.8, 5.9 and 5.11 as shown in Figure 15, Figure 16 or
Figure 17 and Table 7 or Table 8.

e) Report results on Form C.7, summary of observed bubble tube water displacement, and Form C.5,
connection leak test log sheet.

NOTE Typically pipe sizes greater than 244 mm (9 5/8 in) will be limited by the 40 % of connection yield strength
criteria.
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Table 7 — Test Series B load steps without bending for connection rated equal to pipe body
(see Figure 15) — Testing in quadrants | and Il without bending at ambient temperature

Load step Load point Total axial force % Pressure % Hold time
service envelope @ | service envelope 2 min

10 1 95 0 5
2P 2 95 95 60
3P 3 80 95 15
4b 4 CEPL 95 15
5b 5 0 95 15
6° 6 -33 95 15
7P 7 - 67 95 15
8b 8and9de -95 0 5
9b 2 95 95 15
10°¢ 8and9de -95 0 5
11¢ 7 - 67 95 15
12¢ 6 -33 95 15
13¢ 5 0 95 15
14 ¢ 4 CEPL 95 15
15¢ 3 80 95 15
16¢ 2 95 95 15
17¢ 1 95 0 5
18° 2 95 95 15
19 3 80 95 15
200 4 CEPL 95 60
21°b 5 0 95 15
220 6 -33 95 60
23b 7 - 67 95 15
240 8and9de -95 0 15
25b 2 95 95 60

CEPL = Capped end pressure load.

@  Percentage of connection test load envelope.

b Steps which are CCW.

¢ Steps which are CW.

d  For connection rated equal to pipe body, load points 8 and 9 are the same and equivalent to only

one load point.

€ For connection weaker than pipe body in compression, load points 8 and 9 are different (see

Figure 17).
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Table 8 — Test Series B load steps with bending for connection rated equal to pipe body
(see Figure 16) — Testing in quadrants | and Il with bending at ambient temperature

Bending in pipe Total axial force Pressure Hold time
Load step Load point % connection % service

°/30 m (°/100 ft) 2 yield P envelope ? min
1¢ 1 — 95 0 5
2¢ 2 — 95 95 15
3¢ 2B 20°f F,+T=95 95 60
4¢ 3 — 80 95 15
5¢ 3B 20°f F,+T=80 95 15
6°¢ 4 — CEPL 95 15
7¢ 5 — 0 95 15
8¢ 5B 20°f 0 95 15
9¢ 6 — -33 95 15
10¢ 6B 20°f Fp+T=-33 95 15
11¢ 7 — - 67 95 15
12¢ 7B 20°f F,+ C=67 95 15
13¢ 8and9¢€ — -95 0 5
14¢ 2 — 95 95 15
15¢ 2B 20°f F,+T=95 95 15
164 8and9¢€ — -95 0 5
174 7B 20°f Fp+ C=-67 95 15
184 7 — - 67 95 15
194 6B 20°f Fp+T=-33 95 15
204 6 — -33 95 15
214 5B 20°f 0 95 15
224d 5 — 0 95 15
23d 4 — CEPL 95 15
244 3B 20°f Fp+T=80 95 15
254 3 — 80 95 15
264 2B 20°f Fp+T=95 95 15
274 2 — 95 95 15
284 1 — 95 0 5
29¢ 2 — 95 95 15
30¢ 2B 20°f Fy+T=95 95 15
31¢ 3 — 80 95 15
32¢ 3B 20°f F,+T=80 95 15
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Table 8 (continued)

Bending in pipe Total axial force Pressure Hold time
Load step Load point % connection % service
°/30 m (°/100 ft) 2 yield P envelope ? min
33¢ 4 — CEPL 95 60
34¢ 5 — 0 95 15
35¢ 5B 20°f 0 95 15
36°¢ 6 — -33 95 15
37¢ 6B 20°f Fp+T=-33 95 60
38¢ 7 — - 67 95 15
39¢ 7B 20°f F,+C=67 95 15
40¢ 8and9¢ — -95 0 5
41¢ 2 — 95 95 15
42¢ 2B 20°f F,+T=95 95 60
T = Tension C = Compression CEPL = Capped end pressure load

Fy, = Equivalent bending force (Bending stress at pipe D x pipe area)

8 See7.3.4a).

b

¢ Steps which are CCW.

d Steps which are CW.

€ For connection rated equal to pipe body, load points 8 and 9 are the same and equivalent to only one load point.
For connection weaker than pipe body in compression, load points 8 and 9 are different (see Figure 17).

Determined from 95 % test load envelope.

connection bending yield load. Bending is optional for CAL Ill, Il and I.

Bending load should be the lesser of 19,7°/30 m, 40 % of the pipe body bending yield load determined at the D, or 40 % of the

NOTE 1°/30 m = 1.016°/100 ft.
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Compression Tension
Axial load
Key

1 100 % VME pipe body yield envelope
2 95 % VME pipe body yield envelope
3 recommended intermediate load step between steps 1 and 2

Load paths are repeated in CCW, CW, CCW directions for a total of 3 mechanical cycles.
Load points 8 and 9 are the same for connection equal to the pipe body in compression.

a8  Small-sized numbers are load points.

Figure 15 — Test Series B load paths without bending for connection rated equal to pipe body
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1 100 % VME pipe body yield envelope
2 95 % VME pipe body yield envelope
3 recommended intermediate load step between steps 1 and 2

Load paths are repeated in CCW, CW, CCW directions for a total of 3 mechanical cycles.
Load points 8 and 9 are the same for connection equal to the pipe body in compression.

a8  Small-sized numbers are load points.

Figure 16 — Test Series B load paths with bending for connection rated equal to pipe body
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@  Small-sized numbers are load points.

Figure 17 — Test Series B load paths for connection rated less than pipe body in compression
and with bending

7.3.5 Test Series C — Thermal cycling tests with tension and internal pressure (tubing and casing)
Submit the connection test specimens (see Table 1) to the following procedure.
a) Determine the axial load, T, and internal pressure, p;, as specified in 5.12.

b) Perform the test according to instructions in 5.12 and as shown in Figure 10.

c) Apply five pressure-tension cycles at ambient temperature, i.e. using the internal pressure and tension
mechanical cycle procedure as follows which is then repeated four more times:

1) first apply tension 7, adjusted to allow for pressure-induced tension;
2) then apply internal gas pressure p;;

3) hold the loads for 5 min;
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4) remove the frame tension to less than 5 % T;
5) then remove the pressure to less than 20 % p;.
d) Heat the specimens in accordance with 5.12.

e) Anytime during the 60-min thermal hold, the tension and internal pressure specified in f) and g) can be
applied.

f)  Apply the axial load 7, adjusting the frame load to allow for pressure-induced tension when applicable.
g) Apply the internal pressure p;.

h) Apply five thermal cycles for CAL Il and Il tubing and casing, as well as CAL IV casing, and 50 thermal
cycles for CAL IV tubing in accordance with 5.12.4. For CAL IV tubing with redundant seals tested as
specified in Annex J, apply five thermal cycles. For casing, allow the internal pressure and axial load to
fluctuate with temperature. For tubing, maintain the tension and internal pressure near constant (within
0 % to — 10 % of T'and p;) during thermal cycling.

i)  Apply five pressure-tension cycles as specified in ¢) and d) at a temperature of at least 135 °C (275 °F)
for CAL Il and CAL Il or 180 °C (356 °F) for CAL IV.

i) Repeat thermal cycles as specified in h).

k) Repeat five pressure-tension cycles as specified in c) at ambient temperature [less than 5 °C above the
ambient temperature originally recorded in c)].

I)  Report results on Form C.8.1 or Form C.8.2, summary of observed bubble tube water displacement and
Form C.5, connection leak test log sheet.

7.4 Limit load tests

7.4.1 Principle

Limit load tests are conducted to establish the structural and sealing limits of the connection. Limit load tests
are important for demonstrating connection performance beyond the test load envelope. Limit load tests may
also be useful for correlating with finite element analysis data. The results of the limit load tests are used to
interpret the connection conformance to the requirements of this International Standard, however the limit load
results may necessitate a downward revision to the manufacturer’s original limit loads. Specific test paths are
specified in 7.5.1 to 7.5.8. Figure 18 shows limit load test paths for a connection rated equal to or stronger
than the pipe body for all eight load paths. Figure 19 shows limit load test paths for a connection weaker than
the pipe body for all eight load paths.

Limit load pressure tests shall be conducted with either water or oil. After termination of limit load test,
measure and record lengths L, Lg and L, on Form C.4. Where applicable, strain gauge data from the pipe-
body gauges may also be recorded during limit load tests.

The manufacturer’s performance properties data sheet, specified in A.7 and Table A.1, should contain
nominal failure loads based on minimum strengths and nominal dimensions. Separate limit loads for each test
should contain actual anticipated failure loads, based on actual material strength and actual connection
dimensions (see A.9). For direct comparison to measured failure loads, the nominal failure loads may be
considered as normalized to actual anticipated failure loads by multiplication with two factors:

a) the ratio of actual test material strength to minimum material strength;

b) the ratio of actual to nominal dimensional parameter for the connection under the specific load.

The dimensional parameter for tension and compression loads is the appropriate critical area. For pressure
loads, the geometry-dependent portion of the connection pressure resistance is the dimensional parameter.
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Figure 18 — Limit load test paths for connections rated equal to or stronger than pipe body
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The % in the graph represents % of the connection test load envelope.

a8  For CAL Il and I, use specimen 2 for LP6.
b For CAL Il, use specimen 4 for LP5.

Figure 19 — Limit load test paths for connections weaker than pipe body

7.4.2 Termination of limit load test
The test may be terminated when either
a) the change in specimen length (L + Lg + L. in Form C.3) exceeds 3 %, or

b) the change in specimen volume under load exceeds 6 %, or

c) the specimen leaks continuously.
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By agreement between the user, manufacturer and test facility, the tests may be continued beyond a) or b)
above to structural failure, which shall be reported as the limit load except when leakage has occurred first. If
the specimen leaks continuously, report the load at the beginning of leak as the limit load.

In a test with pressure, if a continuous leak occurs before structural failure, record the pressure and frame
load, establish the leak rate in terms of volume or pressure loss per unit time. Structural or leakage failure at
the end fixtures gripping the specimen invalidates the test, and the test shall be repeated unless the specimen
was at imminent failure indicated by 50 % of the above termination criteria or sufficient gross deformation as
agreed between user and manufacturer. If the specimen is undamaged by failure of an end fixture, reuse the
specimen and repeat the test. However, if the specimen is damaged by the failure of an end fixture, repeat the
test with a new specimen. The new specimen shall be machined to the same conditions as specified in
Clause 6. The replacement specimen should be assembled and tested through other sequences prior to
failure, and these conditions should fulfil the original specimen objectives as fully as possible, and these
conditions and their deviations from original conditions shall be fully documented. These provisions could be
appropriate, for example, if a specimen that has undergone round-robin make/break testing did not achieve its
limit load test objectives. A replacement specimen shall be baked as specified in Table 1.

7.5 Limit load test path (see Figures 18 and 19)

7.5.1 Test Path 1 — High internal pressure with tension increasing to failure tests
The limit load is determined by Test Path 1 using the following procedure.
a) Use specimen number as specified in Table 5 (i.e. Specimen Number 1 for CAL V).
b) Monitor leakage in the same manner as test load envelope tests (5.8 to 5.11).
c) Apply an internal pressure to the lesser of:

1) 95 % of the pipe body capped end internal pressure test load; or

2) 95 % of the connection highest internal pressure test load, while maintaining constant pressure and
increasing tension to specimen failure.

d) Report the results of each test on a separate limit loads test data sheet, Form C.4, and include
representative photos of the failure in the connection test report.

7.5.2 Test Path 2 — Compression with external pressure increasing to failure tests
The limit load is determined by Test Path 2 using the following procedure.
a) Use specimen number as specified in Table 5 (i.e. Specimen Number 2 for CAL V).
b) Monitor leakage in the same manner as test load envelope tests (5.8 to 5.11).
c) Apply a compressive axial load to the lesser of:
1) 50 % of the pipe body compression yield load at zero pressure load; or
2) 90 % of the connection axial compression test load at zero pressure load and monitor the specimen
displacement while maintaining a constant specimen axial load and applying increasing external

pressure to specimen failure.

d) Report the results of each test on a separate limit loads test data sheet, Form C.4, and include
representative photos of the failure in the connection test report.
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7.5.3 Test Path 3 — Tension increasing to failure tests

The limit load is determined by Test Path 3 using the following procedure.

a)
b)

c)

Use specimen number as specified in Table 5 (i.e. Specimen Number 3 for CAL IV).
Hold pressure loads at zero, then apply increasing tension to failure.

Report the results of each test on a separate limit loads test data sheet, Form C.4, and include
representative photos of the failure in the connection test report.

7.5.4 Test Path 4 — External pressure with compression increasing to failure tests

The limit load is determined by Test Path 4 using the following procedure.

a)
b)

c)

d)

Use specimen number as specified in Table 5 (i.e. Specimen Number 4 for CAL IV).
Monitor leakage in the same manner as test load envelope tests (5.8 to 5.11).
Apply external pressure to the lesser of:

1) 90 % of the pipe body external pressure rating at zero axial load; or

2) 90 % of the connection external pressure rating at zero axial load, while maintaining external
pressure constant and applying increasing axial compression to specimen failure.

Report the results of each test on a separate limit loads test data sheet, Form C.4, and include
representative photos of the failure in the connection test report.

7.5.5 Test Path 5 — Tension with internal pressure increasing to failure tests

The limit load is determined by Test Path 5 using the following procedure.

d)

Use specimen number as specified in Table 5 (i.e. Specimen Number 5 for CAL IV).
Monitor leakage in the same manner as test load envelope tests (5.8 to 5.11).
Apply machine tension to the lesser of:

1) 50 % of the pipe body yield tension with zero pressure load; or

2) 50 % of the connection axial tension service load at zero pressure load while maintaining machine
tension constant and increasing internal pressure to specimen failure.

Report the results of each test on a separate limit loads test data sheet, Form C.4, and include
representative photos of the failure in the connection test report.

7.5.6 Test Path 6 — Internal pressure with compression increasing to failure tests

The limit load is determined by Test Path 6 using the following procedure.
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Use specimen number as specified in Table 5 (i.e. Specimen Number 6 for CAL IV).
Monitor leakage in the same manner as services load envelope tests (5.8 to 5.11).
Apply internal pressure to the lesser of:

1) 70 % of the pipe body capped end internal pressure test load; or
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2) 70 % of the connection highest internal pressure test load while maintaining internal pressure
constant and applying increasing axial compression to specimen failure.

Report the results of each test on a separate limit loads test data sheet, Form C.4, and include
representative photos of the failure in the connection test report.

7.5.7 Test Path 7 — External pressure increasing to failure tests

The limit load is determined by Test Path 7 using the following procedure.

a)
b)
c)

d)

Use specimen number as specified in Table 5 (i.e. Specimen Number 7 for CAL IV.)
Monitor leakage in the same manner as test load envelope tests (5.8 to 5.11)
Hold axial load at zero and apply increasing external pressure to specimen failure.

Report the results of each test on a separate limit loads test data sheet, Form C.4, and include
representative photos of the failure in the connection test report.

7.5.8 Test Path 8 — Low internal pressure with tension increasing to failure tests

The limit load is determined by Test Path 8 using the following procedure.

d)

8

8.1

Use specimen number as specified in Table 5. (i.e. Specimen Number 8 for CAL IV).
Monitor leakage in the same manner as test load envelope tests (5.8 to 5.11).

Apply an internal pressure to the lesser of:

1) 50 % of the pipe body capped end internal pressure test load; or

2) 50 % of the connection highest internal pressure test load while maintaining constant pressure and
increasing tension to specimen failure.

Report the results of each test on a separate limit loads test data sheet, Form C.4, and include
representative photos of the failure in the connection test report.

Acceptance criteria

Make-up and break-out tests

Make-up and break-out tests are considered acceptable if they comply with the following.

a)

b)

d)

Make-up and break-out tests are considered successful if no galling is observed or if repairable damage
meeting the manufacturer's repair criteria is observed and repaired, and the connector performs without
leakage.

Any galling or other nonconformities shall be reported.

Light and moderate galling on thread and/or seal within the scope of manufacturer’s field repair
recommendations may be repaired in accordance with such recommendations. After such repair, testing
may be continued.

Except for light and moderate galling as discussed above, galling is not acceptable. Any severe galling
shall be evaluated for its cause. Galling evaluation has to demonstrate that the cause of galling was other
than from the design. If it can be proven that the cause was other than design, a minimum of two
replacement specimens of the previous type shall be re-tested through the make-break sequence to
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confirm acceptance and a single specimen through sealing and limit load tests. If the galling problem
cannot be resolved, testing shall be terminated.

8.2 Test load envelope tests

8.2.1 General

Test load envelope tests are considered successful if pressure sealing requirements stated herein are met
and no structural failure occurs.

8.2.2 Internal pressure sealing
Sealing tests are considered successful:
a) if loads remain stable during hold periods;

b) if the leak rate of 1 x 10-3 cm3/s (equivalent to 3,6 cm3/h) is not exceeded, which can be measured in
intervals of up to 15 min (¢, = 0,9 cm3/15 min);

c) if the leak rate does not have a tendency to increase.
The leak rate is determined by the measured leak volume collected over the testing hold time divided by the

hold time and can be measured in intervals of up to 15 min. The leaked volume of 0,9 cm3/15 min period
corresponds to 1 x 10~3 cm3/s.

8.2.3 External pressure sealing
Sealing tests are considered successful:
a) if loads remain stable during hold periods;

b) if the leak rate of 1 x 10~3 cm3/s (equivalent to 3,6 cm3/h) is not exceeded, which can be measured in
intervals of up to 15 min (g5 = 0,9 cm3/15 min);

c) if the leak rate does not have a tendency to increase over time.

The leak rate is determined by the measured leak volume collected over the testing hold time divided by the
hold time and can be measured in intervals of up to 15 min. The leaked volume of 0,9 cm3/15 min period
corresponds to 1 x 10~3 cm3/s.

Leak detection in external pressure tests is recognized as more difficult and less exact than internal pressure

tests. Indirect objective evidence equivalent to the required maximum leak rate is acceptable for external
pressure tests.

8.3 Limit load tests
A limit load test further validates the connection test load envelope provided:
a) the end of the test as defined in 7.4 is reached;

b) the limit load established is a load greater than the manufacturer’s test load envelope, based on actual
material strength and actual connection dimensions.
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9 Testreports

Two test reports shall be prepared documenting the connection tested and the test results. The full detailed
test report is specified in Annex D. A shorter summary test report is specified in Annex E. The emphasis in the
summary test report is on compact presentation of data for broader distribution so that a connection purchaser
may

a) fully specify in a purchasing document the connection tested,
b) make up the connection properly, and
¢) have confidence in the connection's performance and be aware of its limitations.

The test data provide objective evidence of validation of the connection test load envelope and failure limit
loads.

The connection manufacturer shall maintain copies of test results as long as the connection is offered to the
industry by the manufacturer. The test results shall be assembled into a test report as follows. All photographs
specified by this International Standard shall include identification of significant items shown in the
photographs and be included in the test report. Test reports may be filed for public access with a national
standards body.
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Annex A
(normative)

Connection geometry and performance data sheet

A.1 General considerations

The connection manufacturer shall provide the information on Table A.1 describing the connection geometry
and performance data at the beginning of any testing.

A.2 Connection geometry

The connection manufacturer shall provide a detailed description listing the design features and benefits of the
threads, seals, shoulders, and body configuration (see Table A.1).

A.3 Diagram
The connection manufacturer shall provide a representative cross-sectional diagram of the connection

identifying the critical planes for tension, compression, internal pressure, external pressure and bending (see
Table A.1).

A.4 Connection manufacturing specification
The connection manufacturer shall provide a process control plan which details all applicable specifications

and procedures, with the associated control numbers and revision levels necessary for all manufacture and
inspection of the product (see Table A.1).

A.5 Make-up parameters
The connection manufacturer shall document complete make-up parameters listing the thread compound
type, coverage, and application method, along with the make-up speed, required shoulder torque values, and

minimum and maximum final torque values and make-up loss. This document shall have a control procedure
and revision level and be listed in the manufacturer's process control plan (see Table A.1).

A.6 Connection repair
The connection manufacturer shall provide a complete description of connection repair and methodology for

repair and include procedure number and revision number (see Table A.1).

A.7 Performance properties data sheet

The connection manufacturer shall provide a connection performance properties data sheet in terms of
tension, compression, internal pressure, external pressure and bending relative to the pipe body (see
Table A.1).
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A.8 Test load envelope

The manufacturer shall fully quantify the test load envelope for the connection so that test loads can be
efficiently derived to account for the actual properties of the test specimens relative to the minimum properties
usually assumed for ratings (refer to 7.3 and to B.4 and B.5). Example test load envelopes in tabular and
graphic form are provided in Table A.2 and Figure A.1 for a connection rated equal to the pipe body. See also
Table A.3.

A.9 Limit loads

The manufacturer should quantify the limit loads for connections so that test loads can be efficiently derived to
account for the actual properties of the test specimens relative to the minimum properties usually assumed for
ratings. Manufacturers should indicate anticipated failure loads.

Table A.1 — Connection geometry and performance property data sheet

A.1 ldentification

Product description ‘ Size, mass (label: weight) ‘ Wall thickness | Grade Product name

Coupling grade (if different from the pipe body)

Connection application level (CAL) to which test is performed

A.2 Connection geometry

A.3 Diagram: (Attach separate page(s) with schematic cross-sectional diagram)

A.4 Connection manufacturing specifications

Provide complete documentation detailing all of the applicable specifications and procedures, with the associated
control numbers and revision levels necessary for all manufacture, inspection and installation of the product. At a
minimum, the following information shall be provided:

Process control plan No. (attach copy) Revision No./Date
Pin drawing No. Revision No./Date
Box drawing No. Revision No./Date
Pin thread drawing No. Revision No./Date
Box thread drawing No. Revision No./Date
Seal ring drawing No. Revision No./Date
Pin surface treatment/type specification No. Revision No./Date
Box surface treatment/type specification No. Revision No./Date
Gauge calibration procedure No. Revision No./Date
Gauging and inspection procedures No. Revision No./Date
Seal ring inspection procedure No. Revision No./Date
Swage/stress relief procedure No. Revision No./Date
Mill coupling/accessory make-up procedure No. Revision No./Date
Field running procedure No. Revision No./Date
First article/last article procedure No. Revision No./Date
Field connection repair procedure No. Revision No./Date
A.5 Make-up parameters procedure No. Revision No./Date
A.6 Connection repair procedure No. Revision No./Date
gt:a;eg%r;;ance properties data sheet document No. Revision No./Date
A.8 Test load envelope document No. (attach copy) Revision No./Date
A.9 Limit loads document No. (attach copy) Revision No./Date
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Table A.2 — Example Series A test load envelope for a connection rated equal to pipe body —
178 mm D x 10,16 mm wall thickness x grade P-110 (7 in 29 Ib/ft P-110) strength (see Figure A.1)

. Pressure
Load point Axial load *Pi—Po
% vyield kN (kips) MPa (psi)
1 95 4048 (910) 0,0 0)
2 95 4 048 (910) 70,8 (10 263)
3 80 3409 (766) 84,8 (12 302) 95 %
4 CEYP 1833 (412) 94,1 (13 653) Internal
5 0 0 (0) 85,7 (12 436) yield
6 -33 - 1406 (-316) 69,1 (10 016) VME
7 - 67 —-2855 (- 642) 41,8 (6 068)
8 and 9 -95 -4048 (-910) 0,0 (0)
10 -95 —4048 (-910) -575 (- 8334)
11 -95 —4048 (-910) -57,5 (- 8334)
100 %
12 0 0 (0) -575 (- 8334) Collapse
13 33 1406 (316) -50,6 (-7339)
14 67 2 855 (642) - 36,1 (-5243)
Sl Units (USC Units)
Specified D = 177,8 mm (7.000 in)
Actual minimum wall thickness = 10,16 mm (0.400 in)
D; based on actual minimum wall 157,48 mm (6.200 in)
thickness =
Pipe cross-section area = 53,51 cm? (8.294 in?)
Actual average D; = 157,0 mm (6.180 in)
Actual internal pressure end load = 0,019 4 x p;, kN [(29.996 x p;/1 000) kips]
Actual pipe minimum vyield strength = 796,3 MPa (115 500 psi)
Actual pipe body yield = 4261 kN (958 kips)
NOTE 1 kip = 1 000 Ibf (pound-force) and 1 kip = 4,448 kN.
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Direction | | VME Axial load Frame load Pressure, +pj—p, | Hold
around step @ |°?d Sl units | (USC units) | Sl units | (USC units) | Sl units | (USC units)

VME curve point - X X .
kN (kips) kN (kips) MPa (psi) min

1 1 4048 (910) 4 048 (910) 0,0 0) 5

2 — 3363 (756) 3363 (756) 0,0 0) —

3 — 4 048 (910) 3363 (756) 35,4 (5132) —

4 — 3363 (756) 2678 (602) 35,4 (5132) —

5 2 4 048 (910) 2678 (602) 70,8 (10 263) 60

6 — 3136 (705) 1766 (397) 70,8 (10 263) —

7 3 3407 (766) 1766 (397) 84,8 (12 302) 15

8 — 1641 (369) 0 (0) 84,8 (12 302) —

9 4 1833 (412) 0 (0) 94,1 (13 653) 15

10 — 1659 (373) 0 (0) 85,7 (12 436) —

11 5 0 (0) -1659 (- 373) 85,7 (12 436) 15

12 — -0325 (-73) - 1659 (- 373) 69,1 (10 016) —

13 6 - 1406 (- 316) —2744 (-617) 69,1 (10 016) 15

14 — -1935 (—435) -2744 (- 617) 41,8 (6 068) —

ccw 15 7 -2811 (- 632) -3621 (- 814) 41,8 (6 068) 15
16 — -3621 (- 814) -3621 (- 814) 0,0 0) —

17 |8and 9| -4048 (-910) - 4048 (-910) 0,0 0) 5

18 — 0 0) 0 0) 0,0 (0) —

Switch from internal pressure to external pressure

19 — - 4048 (-910) - 4048 (-910) 0,0 0) —

20 10 —4048 (-910) —4048 (-910) -57,5 (- 8334) 15

21 11 -2131 (—479) -2131 (—479) -57,5 (—8334) 15

22 12 0 (0) 0 (0) -57,5 (- 8334) 15

23 — 0 0) 0 0) -50,6 (-7 339) —

24 13 1406 (316) 1406 (316) - 50,6 (-7 339) 15

25 — 1406 (316) 1406 (316) - 36,1 (- 5243) —

26 14 2 856 (642) 2 856 (642) - 36,1 (-5243) 15

27 — 2 856 (642) 2 856 (642) 0,0 (0) —

28 1 4 048 (910) 4 048 (910) 0,0 (0) 5

29 — 2 856 (642) 2856 (642) 0,0 (0) —

30 14 2 856 (642) 2856 (642) - 36,1 (- 5243) 15

31 — 1406 (316) 1406 (316) - 36,1 (-5243) —

32 13 1406 (316) 1406 (316) - 50,6 (-7 339) 15

oW 33 — 0 0) 0 0) -50,6 (-7 339) —
34 12 0 0) 0 (0) -57,5 (- 8334) 15

35 11 -2131 (- 479) -2131 (- 479) -57,5 (- 8334) 15

36 10 - 4048 (-910) - 4048 (-910) -57,5 (—8334) 15

37 — - 4048 (-910) - 4048 (-910) 0,0 0) —

38 — 0 0) 0 0) 0,0 0) —
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Table A.3 (continued)

irection | | vme Axial load Frame load Pressure, +pj—p, | Hold
Vlslgz:?ve step @ ;I)(c))?:t Sl units (USC. units) | Sl units (USC. units) | Sl units | (USC u.nits) |
kN (kips) kN (kips) MPa (psi) min
Switch from external pressure to internal pressure

39 — 2678 (602) 2678 (602) 0,0 0) —

CcCcw 40 2 4048 (910) 2678 (602) 70,8 (10 263) 15
41 — 3136 (705) 1766 (397) 70,8 (10 263) —

42 3 3407 (766) 1766 (397) 84,8 (12 302) 15

43 — 1766 (397) 1766 (397) 0,0 0) —

44 |8and9| -4048 (-910) -4048 (-910) 0,0 (0) 5

45 — -3621 (- 814) -3621 (- 814) 0,0 0) —

46 7 -2811 (- 632) -3621 (- 814) 41,8 (6 068) 15

47 — -1935 (—435) -2744 (-617) 41,8 (6 068) —

48 6 - 1406 (- 316) -2744 (-617) 69,1 (10 016) 15

49 — -0325 (-73) -1659 (- 373) 69,1 (10 016) —

50 5 0 0) -1659 (- 373) 85,7 (12 436) 15

oW 51 — 1659 (373) 0 0) 85,7 (12 436) —
52 4 1833 (412) 0 0) 94,1 (13 653) 15

53 — 1641 (369) 0 0) 84,8 (12 302) —

54 3 3407 (766) 1766 (397) 84,8 (12 302) 15

55 — 3136 (705) 1766 (397) 70,8 (10 263) —

56 2 4048 (910) 2678 (602) 70,8 (10 263) 15

57 — 3363 (756) 2678 (602) 35,4 (5132) —

58 — 4048 (910) 3363 (756) 35,4 (5132) —

59 — 3363 (756) 3363 (756) 0,0 0) —

60 1 4048 (910) 4048 (910) 0,0 0) 5

61 — 3363 (756) 3363 (756) 0,0 0) —

62 — 4048 (910) 3363 (756) 35,4 (5132) —

63 — 3363 (756) 2678 (602) 35,4 (5132) —

64 2 4048 (910) 2678 (602) 70,8 (10 263) 15

65 — 3136 (705) 1766 (397) 70,8 (10 263) —

66 3 3407 (766) 1766 (397) 84,8 (12 302) 15

cow 67 — 1 641 (369) 0 0) 84,8 (12 302) —
68 4 1833 (412) 0 0) 94,1 (13 653) 15

69 — 1659 (373) 0 0) 85,7 (12 436) —

70 5 0 0) - 1659 (- 373) 85,7 (12 436) 15

71 — -0325 (-73) - 1659 (- 373) 69,1 (10 016) —

72 6 - 1406 (- 316) -2744 (- 617) 69,1 (10 016) 60
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irection | | vme Axial load Frame load Pressure, +pj—p, | Hold
Vlslgz:?ve step @ ;‘:)?:t Sl units (USC. units) | Sl units (USC. units) | Sl units |(USC u.nits) |
kN (kips) kN (kips) MPa (psi) min
73 — -1935 (- 435) -2744 (-617) 41,8 (6 068) —
74 7 -2811 (- 632) -3621 (- 814) 41,8 (6 068) 15
75 — -3621 (- 814) -3621 (- 814) 0,0 0) —
76 |8and9| -4048 (-910) -4048 (-910) 0,0 (0) 5
cew 77 — 0 0) 0 0) 0,0 0) —
Switch from internal pressure to external pressure
78 — -4048 (-910) -4048 (-910) 0,0 (0) 15
79 10 -4048 (-910) -4048 (-910) -57,5 (-8334) 15
80 11 -2131 (- 479) -2131 (- 479) -57,5 (-8334) 60
81 12 0 0) 0 0) -57,5 (- 8334) 15
82 — 0 (0) 0 0) -50,6 (-7339) —
83 13 1406 (316) 1406 (316) -50,6 (-7339) 60
cow 84 — 1406 (316) 1406 (316) - 36,1 (-5243) —
85 14 2 856 (642) 2 856 (642) - 36,1 (-5243) 15
86 — 2 856 (642) 2 856 (642) 0,0 0) —
87 — 0 0) 0 0) 0,0 0) —
Switch from external pressure to internal pressure
88 1 4048 (910) 4048 (910) 0,0 0) 5
89 — 3363 (756) 3363 (756) 0,0 0) —
ow 90 — 4048 (910) 3363 (756) 35,4 (5132) —
91 — 3363 (756) 2678 (602) 35,4 (5132) —
92 2 4048 (910) 2678 (602) 70,8 (10 263) 60
93 — 2678 (602) 2678 (602) 0,0 (0) —
94 — 0 0) 0 0) 0,0 0) —
End of test

a

Load step numbers are for the test operator and do not correspond to Table 6.
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Key

1 100 % VME pipe body yield envelope
2 95 % VME pipe body yield envelope body (178 mm D x 10,16 mm wall thickness x grade P-110)

a8  Small-sized numbers are load points.

Figure A.1 — Example series A test load envelope for a connection rated equal to pipe body
[178 mm D x 10,16 mm wall thickness x grade P-110 (7 in 29 Ib/ft P-110)]
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Annex B
(informative)

Connection test load envelope and limit loads

B.1 General considerations

It is the manufacturer’s responsibility to fully define the test load envelope for his product(s). The test load
envelopes should be defined as shown in Annex A. In the event that a manufacturer fails to define the test
load envelope, this annex may be used as a means by which a user could estimate the test load envelope
using a connection performance model based on rating capacities of specific critical cross-sections in the
connection.

It is also the manufacturer’s responsibility to fully, or as completely as possible, define the limit loads for his
product(s). If the manufacturer elects not to estimate the limit loads, ISO 13679 is designed to provide
objective information regarding the limit loads. No equations have been included to estimate the limit loads as
these remain under current industry study.

Application of the information given in this annex is optional. However, if this annex is adopted as the basis for

a connection test programme, adherence shall be made to the provisions (see the Introduction for the
meaning of verbal forms in provisions) contained herein.

B.2 Basic principles

B.2.1 Introduction of critical cross-section connection model

Casing and tubing connections can be considered as concentrically layered mechanisms used to join lengths
of pipe to form a casing or tubing string. Connections consist of threads, seals and/or shoulders on a body
member. Connections can vary widely in design and function.

Casing and tubing strings are usually suspended and/or cemented in the well-bore and are subject to five
distinct types of primary loads:

a) fluid pressure — internal and/or external;

b) axial force — tension or compression;

c) bending — buckling and/or well-bore deviation;

d) torsion — make-up and rotation;

e) non-axisymmetric — area, line or point contact.

This International Standard only addresses the first three loading modes, which are primary in essentially all
wells. The pipe body, as well as the casing or tubing connection, has to successfully withstand (contain and/or
transmit) these loads in service.

The test load envelope of a pipe body can be mathematically defined as the various combinations of loads
that produce a von Mises equivalent (VME) stress intensity in the pipe body equivalent to the tensile axial
yield strength of the material. Similarly, the test load envelope of a connection can be defined as the various

combinations of loads that define the sealing (pressure) integrity and structural capacity limits, in which the
connection can cyclically operate.
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A test load envelope consists of four quadrants:

— Quadrant I: axial tension plus internal pressure with possible bending;

— Quadrant Il: axial compression plus internal pressure with possible bending;
— Quadrant Ill: axial compression plus external pressure with possible bending;
— Quadrant IV: axial tension plus external pressure with possible bending;

An example of the test load envelope of the pipe body and a connection is provided in Figure B.1.

20
15
e 1
_'(]_,2 /—
£ -
2 Qll
Ql
g5
—_~ / -
Z /
o 0
> 7
® -18 -12 -6 0 6 12
o Qlv /’
o
-5
/
Qi /
/
= - 10— ———
c \
(]
-'>_<‘ \
: —
3
-20
Compression Tension

Axial load (kips)

Key

1 100 % VME pipe body yield envelope
2 100 % connection test load envelope
3 100 % API collapse

Efficiency: 0,64 tension; 0,38 compression

NOTE The numbers are illustrative and do not indicate units.

Figure B.1 — Pipe body and connection test load envelopes at specified dimensions
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B.2.2 Von Mises equivalent (VME) stress intensity

The peak VME stress intensity under axial and pressure loads always occurs at the inside surface of the
member in the absence of bending. With added moderate to severe bending, depending on the specific
diameter and wall thickness of the member, the peak VME stress intensity can occur at the outside surface.
See B.5 for determining the combination of axial, pressure and bending loads above which the peak VME
stress intensity will occur at the outside surface of the member (pipe body or connection; pin or box member).

Depending on the specific design of the connection, both performance (load capacity) and geometry (shape)
can vary substantially from that of a pipe body, which is a cylinder. As a result, connections can have a test
load envelope either more or less than the pipe body.

B.2.3 The connection test load envelope

The connection test load envelope defines the bounds of the combinations of loads (axial, pressure and
bending) within which the connection will maintain its structural and sealing integrity on a cyclical load basis.
At loads beyond the test load envelope, damage can occur to the connection, resulting in loss of structural
and/or sealing integrity either during a subsequent load reversal, i.e. a cyclic load or an increase in any load
component (i.e. a monotonic load).

B.2.4 Connection limit loads and failure loads

The limit of the loads at which a loss in the structural and/or sealing integrity occurs in the connection can be
defined as the limit loads. Depending on the specific characteristics of a connection, the limit load may also be
the failure load.

The limit loads of a connection can also be more or less than the pipe body. Furthermore, a connection can be
sensitive to one type of load, with a capacity substantially less than the pipe body, yet exhibit a load resistance
substantially greater than the pipe body in a different loading mode. These factors have be considered in
establishing the test and limit loads of the connection.

B.2.5 The pipe string test load envelope

The test load envelope of a pipe string (the pipe body and the connection combined), is the minimum
combination of loads (axial, pressure and bending), within which cyclical pressure and structural integrity is
maintained, as limited by the VME stress intensity of the pipe body or in the connection. The pipe string test
load envelope is further limited to the biaxial collapse resistance of the pipe body as defined by the equations
in ISO 10400 or API Bul 5C3 for the external pressure quadrants Il and IV.

The limit loads of a pipe string is the minimum combination of loads (axial, pressure and bending), which
results in the loss of sealing integrity or a structural failure (axial separation, rupture or collapse) of the pipe
body or connection, i.e. the casing or tubing string.

B.3 Performance properties and dimensions required for the calculation of the
elastic test load envelope

B.3.1 Performance properties

The performance properties, i.e. ratings, and their base equations, of the pipe body and standardized
connections, and the dimensions of standardized connections, are provided in ISO 10400 or API Bul 5C3 and
ISO 10422 or API Spec 5B. However, complete performance properties (ratings) and their base equations, if
any, may not be publicly available for proprietary connections.
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B.3.2 Areas and dimensions

The critical cross-sectional areas and dimensions required for the calculation of the elastic test envelope in
accordance with Annex B are shown in Table B.1.

Table B.1 — Areas and dimensions

Component of pipe string Dimensions required (see 7.3.1) Abbreviation Value for
or test load envelope calculation @
Outside diameter (specified or actual) D,
Pipe body Wall thickness t
Internal diameter (calculated) D;
Critical cross-sectional area in tension Ap
Corresponding diameter on which the internal D,
Quadrant I: tension and pressure acts
internal pressure Corresponding wall thickness on which the internal t
pressure acts
Internal diameter (calculated) Dy
Critical cross-sectional area in compression A,
Corresponding diameter on which the internal D,
Quadrant II: compression | Pressure acts
and internal pressure Corresponding wall thickness on which the internal t
pressure acts
Internal diameter (calculated) Dy
Critical cross-sectional area in compression A,
Corresponding diameter on which the external D,
Quadrant Ill: compression | Pressure acts
and external pressure Corresponding wall thickness on which the t
external pressure acts
Internal diameter (calculated) D
Critical cross-sectional area in tension A,
Corresponding diameter on which the external D,
Quadrant IV: tension and | Pressure acts
external pressure Corresponding wall thickness on which the t
external pressure acts
Internal diameter (calculated) D,

NOTE There may be more than one (1) critical cross-section per quadrant, especially in connections with load capacities less than
the pipe body for axial and/or pressure loads.

@  To be inserted by the user.
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B.4 Requirements

B.4.1 General

Establish the connection geometry, test load envelope and performance data prior to testing in accordance
with 4.1.

B.4.2 Test load envelope

The manufacturer of the proprietary connection to be tested should provide a complete test load envelope and
limit loads for the connection at all combinations of pressures (i.e. internal and external) and axial loads,
tension and compression. Furthermore, the manufacturer should provide the adjustments to the envelopes
required for bending.

The form of the test load envelope and limit loads shall be provided in one of the following forms:

a) connection rating equation(s);

b) tabular numeric data; or

c) graphic representation with intercept and crossover values.

It is critical that the combined load capacity described by the test load envelope be precisely defined near and
throughout the conditions where the dominant load sensitivity of the connection may change from pressure to
axial and/or bending or vice versa. Connection rating equations, whether analytically or experimentally based,
shall completely define the test load envelope for all combinations of pressure and axial force and the
combined effect of bending. The form of the rating equation should facilitate the calculation of the pressure
value given the axial load, with or without bending.

Since casing and tubing connection designs and the resultant test load envelopes can vary widely, no overall
requirement for the minimum number of values in a tabular data format can be mandated. However, if a
connection design exhibits changes in load sensitivities, the loads at which the changes in load sensitivity
occur shall be unambiguously provided.

Approximately ten (10) combined load values of pressure and axial force per quadrant for a specific bending
condition should be sufficient to define the test load envelope and limit loads.

The test and limit loads may also be represented graphically provided numerical values are also listed for the
pressure and axial force intercepts and at all discontinuities in the performance envelopes.

B.4.3 Alternate test load envelope

In the absence of a test load envelope B.4.1, the test load envelope can be established by the procedures
outlined in B.5.

B.4.4 Limit loads

The development of a limit load prior to limit load testing is not a requirement of this International Standard.

B.5 Calculation of the test load envelopes

B.5.1 General

In the calculation of both pipe body load capacities and critical connection cross-section capacities, it is the
intent of this International Standard to test the specimens to as high a load or combination of loads as safely
practical. In view of this objective, the following variable definitions for load calculation and TLE and LL
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normalization (to minimum service TLE and LL) guidelines should be applied to each specimen. Yield
strength, outside diameter and minimum wall thickness shall be the same as specified in 7.3.1.

B.5.2 Pipe body test load envelope

B.5.2.1 General

A VME load capacity envelope is three-dimensional. To facilitate plotting the VME diagram, it is necessary to
normalize the hoop stress (internal/external pressure) as if the corresponding external or internal pressure
were zero. In other words, for any combination of p; and p,, an equivalent p; and p, has to be calculated which
yields the same hoop stress as if the corresponding p, and p; were zero. Otherwise, an infinite number of VME
plots would be required, one for each specific p; and p,. As a result of the foregoing, a discontinuity in the VME
equation exists at the zero pressure axial force coordinate. In other words, Quadrants | and Il require different
constituent VME equations (o}, and o;) than Quadrants Il and IV. See Reference [2] for further treatment of
this subject. The pressure normalization equations are listed in B.5.3.

B.5.2.2 Uniaxial pipe body test load envelope values
Calculate the uniaxial pipe body test load envelope from the following equations.

a) Axial tension force limit under uniform axial stress

Fa=o0ydy=oyn(D-t)t=0, %[DZ —(D—Zt)z}

(B.1)
where
F, s the axial tension force limit;
oy is the defined axial tensile yield strength, normally the ISO/API axial tensile yield strength;
Ay is the cross-sectional area of the pipe body;
D is the specified outside diameter;
t is the specified wall thickness;
n is equal to 3,141 6.
b) Internal pressure limit for initial yield at the D, surface
D% —(D-2)?
Pi =0t m (B.2)
where

p; s the internal pressure limit;

oy is the defined transverse tensile yield strength if available or otherwise axial tensile yield
strength.

c) Axial compression force limit under uniform axial stress

Fa=—ocdp=—ocm(D—t)t (B.3)
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where

F, s the axial compression force limit;

o, is the defined axial compressive yield strength if available or otherwise axial tensile yield
strength.

External pressure (collapse) at the inside surface

2 2
—O'tc I:D _(D_ZI) :| _ _ZGtC (D/l—1)
2p? (D11)?

Po = (B.4)

where

Do I8 the external pressure limit;

o is the defined transverse compressive yield strength if available or otherwise axial tensile yield
strength.

The external pressure limit can be governed by instability factors and not the onset of yielding at the
inside surface. Therefore, the collapse resistance external pressure limit of the pipe body at zero axial
stress shall be calculated as specified in the method detailed in 1.1 of ISO 10400 or API Bul 5C3 collapse
pressure equations.

Proprietary grades of pipe may exhibit collapse resistances greater than calculated by the method given
in ISO 10400 or API Bul 5C3. Such values can be used in this procedure.

bending at the inside surface, convex or concave side

D _ o
'3 0,060 156(D — 2¢)

(B.5)

where

Doy is the bending, expressed in degrees per 30 m, i.e. centreline deviation per unit axial length
limited at the inside surface of the pipe;

o s the defined tensile or compressive yield strength, expressed in newtons per square millimetre
(N/mm?2), if available, or otherwise longitudinal tensile yield strength, at the inside surface of the
pipe;

D is the specified outside diameter, expressed in millimetres;

t is the specified wall thickness, expressed in millimetres.

Bending caused by transverse loads (i.e. three-point bending) is not covered by Equation (B.5).
Since some materials, particularly cold worked CRA pipe (see ISO 13680) can exhibit significant through
wall and tensile/compressive variations in mechanical properties, the bending limit may be dictated at the

outside or inside surface of the pipe body and on the convex (tensile) or concave (compressive) side of
the bend.
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B.5.2.3 Pipe body combined loads test load envelope

The combined load test load envelope is calculated by utilizing the von Mises strain energy theory. It states
the onset of combined load yielding can be calculated from the individual principal stresses by the following

expression. Isotropic material behaviour is assumed for Equation B.6.

a) Von Mises equivalent stress

oy = \/0'32 +G|$ +Gr2 —040h0 — 0RO, —0,04

where

o, isvon Mises equivalent stress;
is the axial stress;
o, Is the hoop (tangential) stress;
o, is the radial (normal) stress.

b) Without bending

(B.6)

In the absence of bending, the peak VME stress for either internal or external pressures always occurs at
the inside surface. Consequently, for a specific axial force, the limiting internal and external pressure can

be calculated by the following method:
The principal stresses are determined as follows:

1) Hoop stress from internal pressure (p;) at the inside surface

pi[D2+(D—2t)2]

[Dz —(D—ZI)Z}

Oh = = piki

[DZ +(D—2t)2}

_[Dz—(D—Zt)zJ

where k; is a geometric constant.

2) Hoop stress from external pressure p, at the inside surface

2p,D?
Uh:_%:_l?oko
D —(D-2)
2p?
ko:ﬁ
D —(D-2t)

where k, is a geometric constant.
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Axial stress from axial forces

__Fa _Fa B.9
a n(D-t)t A, (B-9)

where Ay is the cross-sectional area of the pipe.

Radial stress from internal pressure at the inside surface

O = =P (B.10)
Radial stress from external pressure at the inside surface

0,=0 (B.11)
Thus, for a specific F,, within the bounds of the uniaxial test load envelope values, the corresponding
maximum internal pressure p; or external pressure p, for the defined yield strength is calculated as

follows using the quadratic solution. The real value(s) governs.

For internal pressure

_ —B+yB%?-44C

pi = o (B.12)
where (for Equation B.12)

A =k i+,

B =0y~ kiog;

c = 0'82 - O'VZ;

o, Is the defined stress level at the inside surface.
For external pressure

po - ~B++B?-44C ©.13)

24

where (for equation B.13)

A =k2;

0’

B = o4ky

C =02-52

Vv

o, Is the defined stress level at the inside surface.

For the purposes of determining the testing loads, the defined stress level, o, shall be set at 95 % of
the average actual yield strength of the material as established by tests at the specified testing
temperature.
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8) Maximum loads

An examination of a pipe body test load envelope, Figure B.1, shows Quadrants | and Il exhibit peak
pressure and axial loads along the test load envelopes. These inflection points are defined as:

dFa  _ ¢ ang 3Pioro

dPioro dFa

The four pairs of peak axial force and pressure values can be calculated from the following
equations:

i) Quadrant|

20

; = B.14
Pimax \/g(ki +1) ( )

oAy (ki—1)

V3 (ki +1)

F _20'Apﬂki2+ki+1
amax — \/g(kl +1)

atrF, =

(B.15)

o (ki—1)
V3YKE + ki +1 (ki +1)

ii) Quadrant Ill

at pj =

oA

=P (B.16)
Pomax Ao\/g

p (B.17)
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With bending

If bending is present, as in a directional well or induced as by helical or sinusoidal buckling, the bending
stress, tensile or compressive at the D; surface of the pipe must be superimposed on the axial stress in

the pipe.
Oap =0 top (B.18)
where

o,p I8 total axial stress with bending;

o, is the axial stress from axial forces

a

F F
h =828 __a
where o, T[(D—t)t Ap

o, s the axial stress due to bending expressed in MPa;

M(D/2—1t

where oy, :i—( / )
1

M is the bending moment;

I is the moment of inertia;
where 1 :l[D"' —(D—Zt)q
64

The bending moment M and pipe curvature are related as follows:

M(DJ2-
op = i# =+ 0,080 156 Djeq (D - 2¢) (B.19)

where
Digg is the bending (dog leg severity) expressed in degrees per 30 m;
D is pipe diameter, expressed in millimetres;
t is pipe wall thickness, expressed in millimetres;
o, s the axial stress due to bending expressed in MPa.
The radius of curvature of the pipe body is related to the dog leg severity as follows:

1719
Dleg

R (B.20)

where R is the radius of curvature, expressed in metres, of the pipe body at the axis of the pipe.
Consequently, substituting o, for o, in B.5.2.3 a) will provide the maximum internal and external, p; and

P, respectively, which can be applied to generate the specified o, level at the inside surface of the pipe
body for a specific axial load, F,, and degree of bending, Dig.
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NOTE Depending on the geometry of the pipe, i.e. D and ¢, the applied axial force, F,, the pressure p; or p,, and

the degree of bending, Deg, the peak VME stress can occur at the outside surface of the pipe body.

e) The degree of bending which can be applied to a pipe body under pressure and axial force, above which
the maximum VME stress will occur at the outside surface of the pipe body can be calculated from the

following quadratic equations:

1) For internal pressure

AIZ—BiJBZ—4AC

24

where [for Equation (B.21)]

t(D-1)
A= [2
B:it(ZGa +pi—0hi)
I
C =-3piop;

p; s the internal pressure;

D is the outside diameter;

t is the wall thickness;

o Is the hoop (tangential stress at the inside surface).

2) For external pressure

v _-B+\B?-44C

max 2A

where [for Equation (B.22)]

D2 (D/2—t)2

A= -
472 12

B:izaat_O'hit
1 1

C=3po(oni+po)

(B.21)

(B.22)

Note, only real numbers are valid, i.e. (B2-44C) is required to be greater than zero, or 44C < B2.
Also for p,, it is required that p, =0 and for p,, it is required that p, = 0. Furthermore, note as
previously stated, it is not acceptable to use a differential pressure approach, i.e. Ap =p, — p,,, for this

analysis.

3) The degree of bending allowed before the outside VME stresses become critical is therefore:

M
Digg = ———
9 ™ 0,060 1561
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B.5.3 Connection test load envelopes

B.5.3.1 General

Connections can be considered as concentric layered cylinders, frustums and/or partial spheres positioned by
shoulder(s) and/or axially joined by threads, snap rings or other means. It can be demonstrated that
concentrically layered cylinders in contact at the mating surface, i.e. exhibiting a bearing pressure between
them will, under the influence of pressure, internal or external, behave as if the combined layered (shrink fit)
cylinders were a continuous cylinder.

A review of both public and proprietary connections shows that due to geometric (D;, D) constraints, most
connections are designed so that the initial bearing pressure and resulting hoop stress in the member
primarily resisting the load are not dominant when service loads are applied. In other words, the service load
capacity of a connection to specific loads is predominantly a function of the service load forces, not the forces
and stresses generated as a result of make-up.

For example, it is recognized that the end of an ISO 10422 or API Spec 5B Labels 1: 2-7/8 EUE 8 round
thread pin undergoes plastic deformation in hoop compression during make-up, thus generating a high
bearing pressure (radial stress) between the pin and box member, yet the pressure integrity of the coupling at
this plane is not compromised. ISO 10400:1993 (Equation 3.1.2) or APl Bul 5C3 rates the internal pressure
resistance of an API coupling solely on the dimensions of the coupling and the material properties at that
plane.

NOTE Since the connection test envelope is essentially defined as a maximum elastic load, relative movement
between connection members will be small. In other words, connection geometry will be essentially constant within the
test load envelope.

As a result, the principles of superposition can be applied to establish the test load envelope of a connection.
Thus, knowing the various critical cross-sections of the connection subject to axial loads, i.e. tension or
compression and the diameter and thickness resisting the pressure loads, internal or external at those cross-
sections allows the calculation of a test load envelope of a multi-body member, such as OCTG connections.

For superposition, the critical cross-section resisting an axial load need not have the same diameter and wall
thickness (D and ¢) as that resisting the pressure load. It is, however, necessary to know the diameter on
which the pressure acts, i.e. the internal diameter (D,) for internal pressure and the external diameter (D) for
external pressure. Of course, the specific critical cross-sectional area of the connection under analysis shall
be planar (coincident) with the diameter and wall thickness.

The critical cross-section (CCS) approach to calculating the test load envelope of connections further
assumes that long cylinder equations are valid. In other words, no shear reinforcement occurs at a critical
cross-section due to a nearby or adjacent thick wall section.

This assumption is conservative and reasonable since the central design objectives for a connection are to
achieve a performance and geometry as close to the pipe body as practical.

In the case of connections machined on heavy hot-forged upsets, shear reinforcement from adjacent heavy
wall sections can significantly contribute to the rated connection test load envelope. However, most such
connections are designed to achieve at least 100 % pipe body performance at the expense of geometry and,
therefore, the connection test envelope is likely to be fully exterior to the pipe body. Thus, the exact
connection test load envelope is a moot point since the testing and test loads would be set by the pipe body,
not the connection.

It can possibly also be argued that the hoop stress, maximum at the D, of the inside member, should not be
combined with the axial stress of an outer member to calculate the VME stress of the critical member. Such
an argument, however, is not valid for the purposes of the procedures defined in this International Standard.
First, one of the VME limiting critical cross-sections in a connection is usually at the terminus of the pin or box,
i.e. a single body member. Second, using a higher hoop stress in the VME equation does compensate for the
exclusion of make-up stresses.
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The peak VME stress intensity in a connection for a specific set of loads, i.e. pressure, axial and bending, is
not readily predictable from merely a cursory examination of the connection. Consequently, it is necessary to
make a detailed examination of the connection to establish all of the planes in a connection at which the
limiting stress intensity can possibly occur, in all four (4) load quadrants. It has already been established that a
discontinuity in the VME functions occurs between internal and external pressures due to the intrinsic nature
of the equations from the principal pressure stresses, g, and o,. Moreover, the specific structure (design) of
the connection can generate a discontinuity in the VME functions between tension and compression.
Consequently, it is necessary to closely examine the structure of a connection and assess the potential critical
cross-sectional (CCS) planes in each quadrant.

B.5.3.2 Uniaxial connection test load envelope values

B.5.3.2.1 General equations

The following Equations (B.24) to (B.26) are identical to those given for the pipe body as described in B.5.2.2.
Calculate the uniaxial connection test load envelope values by substituting the appropriate D and ¢ values for
the connection geometry at a critical plane instead of the pipe body. In a given critical cross-sectional plane,
the correct D and ¢ for axial stresses need not be the same D and ¢ for hoop stresses. It is merely necessary
that the specific D and ¢ correspond to the values regulating axial stress, including bending, and that another,
not necessarily the same D and ¢ correspond to the values resisting the pressure loads. Furthermore, internal
pressure, p;, always acts on the inner diameter, D;, which is expressed as:

Di=D-2 (B.24)

External pressure, p,, always acts on the outer diameter, D. Also be aware that for field service loads which
likely to have both a p; and p,,, it is necessary to normalize these pressures to a p;, and p,, such that p, and p;,
respectively, are zero before a comparison with test pressures can be made. The normalization of
simultaneous internal and external pressures to solely p; and p, is accomplished by the following equations:

2D
Pin=Pi~——5 5 Po (B.25)
D +Di
2,12
D” + D
Pon = Po —TZ'Pi (B.26)
where

D is the outside diameter;

D.

. is the inside diameter;

Only positive values of pressure, i.e. p; or p, > 0, are valid. As a result, at low differential pressures, there will
be a discontinuity in the p;,, p,,, function.

B.5.3.2.2 High bending

Should a testing requirement for high (super) bending develop which would cause the peak VME stress to
occur at the outside surface of a critical member in the connection or the pipe body, the appropriate hoop,
radial and axial stress with bending values shall be used.

a) Internal pressure — hoop stress at the outside surface

Tho = Oh = Pi (B.27)
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External pressure — hoop stress at the outside surface
Oho =0ht Po (B.28)

The radial stress from internal pressure at the outside surface of a critical member at a critical plane is
zero

O =0 (B.29)
The radial stress from external pressure at the outside surface of a critical member at a critical plane is:
Oro = Po (B.30)

Axial stress with super critical bending

Oa0 =03 %0p0 (B.31)
MD
O-bO :i_[

Thus, the maximum super bending moment M, at the external surface of a connection member at a critical

(o]

section or at the outside surface of a pipe body, subject to pressure and axial loads, is as follows:

For internal pressure:

—B, £+|B2-44,C
M, ° ° °-o (B.32)

24,
where
_D*
°© 472
20, —0hy ) D
Bo :( a ho)
217

C =0'2+0'2—0'2—0'0'
0 a ho v a®ho

2
2p; D;

Cho™~—% 35
D?-D;?

For external pressure:

—B, £+|B2-44,C
Mg = o) o o“o (B.33)

- 24,

81



EN ISO 13679:2006

B = (ZO'a —Oho +pO)D
5 =
217

2 2 2
Co —Ga+0'ho+po—da0ho+(0'ho "‘O'a)Po

2 2
PO(D + D )

Gh =
° p2-Dp/?

The bending moment M, is related to the dog leg severity Dygq as follows:

M

Diy = —20 B.34
'°9 = 0,060 1561 (B8:34)

NOTE For Djeg expressed in degrees per 100 ft, M expressed in inch-lbs and / in inch4, the constant is 436.

B.6 Implementation

B.6.1 General

The test load envelope of a pipe string with an undefined connection service envelope is calculated as that
combination of loads, pressure (internal and external) and axial, static tension or compression plus bending,
which produces a VME stress intensity in the pipe body or in a critical connection member equivalent to 95 %
of the axial tensile yield strength, of the material for that member.

Although the calculations for determining the maximum combination of loads can be performed by hand, they

are extremely computational intensive. Consequently, a computer program is suggested to perform these
calculations. A suggested method of implementation is given in B.6.2 to B.6.6.

B.6.2 Uniaxial pipe body values

Calculate the uniaxial (single load) pipe body test load envelope values as shown in B.5.2.2 for:
a) tension [Equation (B.1)];

b) internal pressure [Equation (B.2)];

c) compression [Equation (B.3)];

d) external pressure [Equation (B.4)];

e) bending [Equation (B.5)].

B.6.3 Combined load cross-check

As a cross-check, calculate the four sets of maximum pressure and axial loads as specified by
Equations (B.14), (B.15), (B.16) and (B.17). These values are also valuable for setting the iteration limits
described in B.6.4.
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B.6.4 Combined load pressure

Calculate the combined limiting pressure value for a specified axial force, with a sufficient number of points to
facilitate the generation of a smooth curve across the entire range of applicable axial forces (see Figure B.1)
as follows:

a) axial force plus internal pressure using Equation (B.12);

b) axial force plus external pressure using Equation (B.13).

B.6.5 Bending effects

The effect of bending is to change, i.e. increase or decrease, the effective axial stress. Thus, it is possible to
construct a test load envelope (constant VME stress intensity) of pressure and axial force values with bending.
Based on the computer program developed for B.5.3.2, add a provision to include various specific values of
bending, then solve for the corresponding pressure value using Equations (B.12) and (B.13) for internal and
external pressure, respectively.

With bending, it is necessary to change the axial stress, o, in Equations (B.9), (B.12) and (B.13) by the

bending stress value as shown by Equations (B.18), (B.19) and (B.20). The equations for p; and p, thus
become for internal pressure,

By + /Bi —44,Cy
(B.35)

24,

Pip =
where [for Equation (B.35)]

ki2+ki+1

AN
o
1

o]
o
|

o4 Top —ki[aa io-b]

for external pressure,

“By, B2 —44,C
_"Bb b bCh (B.36)

24,

pob

where [for Equation (B.36)]

Ab = k02

By =(05% o) kg

Cp, =(ox% Gb)2 - sz

As shown in B.5, Equations (B.35) and (B.36) are only valid as long as the peak VME stress occurs at the
inside surface. The limit of the bending for a specific pressure and axial load can be calculated from
Equations (B.21) and (B.22), respectively for internal and external pressure. For super bending, where the
peak VME stress occurs at the outside surface, Equations (B.32) and (B.33) shall be used. The pressure and
axial load test envelope of the pipe body without bending is a limiting value. Consequently, if at a specific axial
load and bending, an internal pressure value is calculated which is greater than with no bending. Such a
pressure value is not valid. For example, the pressure value is likely limited to a lower value as dictated by
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compression restraints in Quadrant |l and the value calculated for Quadrant | is not valid. A corresponding
situation can also occur for external pressure and tension in Quadrant IV.

B.6.6 Pipe body and connection

The methods of calculating the test load envelope of the pipe body, the various peak uniaxial and the
combined inflection loads can be applied to connection members, as well by substituting the appropriate
diameter and wall thickness into the constituent equations. Therefore, the computer program developed for
the pipe body can also be used for the connection or any concentrically layered mechanism.

While a pipe body only requires one cross-section to derive its test load envelope, a connection requires
several, from three to six, cross-sections to define its test load envelope. These critical cross-sections have to
be defined by the user of this International Standard. Table B.2 lists the required data needed to perform the
critical cross-section calculations.

The critical cross-section (planes) of standardized connections can be readily defined since the dimensions
are specified in ISO 10422 or APl Spec 5B. Furthermore, the dimensions of an industry common two-step
cylindrical thread, frustum seal, tubing connection, a metal-to-metal and integral joint connection have been
made public through engineering data donated to the API.

Most proprietary connection rating charts and sales literature provide sufficient information to construct an
approximate connection test envelope without requiring the disclosure of specific dimensional data,
considered confidential by some proprietary connection manufacturers. The data required for the construction
of a test envelope and its source are tabulated in Table B.2.

Additional information useful for establishing critical cross-section dimensions outside the planes of the
specified critical cross-sections are the thread height, thread taper, and seal taper. Usually, these values are
noted in the descriptive literature of the proprietary connection. Furthermore, in most cases, proprietary
connections follow a general design pattern. Knowledge of that pattern can be of valuable assistance in
establishing the appropriate dimensions for use in the procedures outlined herein.

As an example, the threads of most Label 1: 4-1/2 to Label 1: 13-3/8 metal-to-metal seal threaded and
coupled (MTC) connections closely follow the dimensions of buttress thread coupled threads, which are
published in ISO 10422 or API Spec 5B. Consequently, one of the critical planes in the coupling, namely that
at the first engaged thread, has its dimensions already defined. For the axial stress component, D is merely W,
the D of the coupling, and D, can be approximated by the major diameter at the end of the pin, designated as
D; in ISO 10422 or API Spec 5B. At this plane, the internal pressure acts on the D, of the pipe, which is known
and internal pressure resistance occurs all the way to the outside of the coupling. Thus, both the D and ¢
affecting the axial and the hoop stresses in the connection from service loads are easily established.

Furthermore, most proprietary MTC connections joint strength ratings are derived from the performance

property equation. Thus, since MTC joint strength ratings are almost always published, it is a relatively simple
matter to calculate the outer critical diameter of the pin member.

Table B.2 — Required dimensions for critical cross-section computation

Pipe body diameter (D) Specified

Pipe body wall thickness () Specified
Connection D, of the box member Specified
Connection D; of the pin member Specified

Critical section in tension Specified @
Critical section in compression Specified P

@  Either as a tension force rating for a specific grade, or as a percent (%) of the pipe body
or as a critical section area.

b Either as a compressive force rating for a specific grade, or as a percent (%) of the pipe
body or tension rating or as a critical section area.
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Annex C
(normative)

Data forms

If the data are inserted by hand, then use A3 data sheets (or equivalent size) to report actual test data. If the
data sheets are filled out by typed print or spreadsheet, then A4 data sheets (or equivalent size) may be used
to report the data, provided the same format is used and all data are clear and easily read. It is permissible to
use enlarged reproduced copies of the data forms in this annex.

Data Form C.9, similar to API RP 5C5 Test load calculation sheet, is included to assist with comparison to
earlier test results prior to this International Standard.

85



suawidads |eLidjew pue }sa} 1o} sjulof Jayjow Jo JnoAe| papuawioddy — L9 ainbi4
‘(Buipeauy) Ja)je JNd MeS JO YdlIo}) pus uleld 4
"(swnhue Jnd mes Jo yoio)) pus uleld g
'}$9] |euajew o} Jusoelpe aq 0} SUOIJOBUUOD
uodnoo 1s9} |eudleN = 1IN
(sesodund Bujuiysew 10j pasinbaa aq Aew syjbuaj Jabuoj) sdnd Buo| — ¢ Julop Jayjoy (@

¢l 1LIN| 3dvdS | 34vdS [LL 1IN a8 V8 0L 1IN a. V. 6 LN

(sasodund Bujuiysew 1oy pasinbai aq Aew syjbuaj Jabuoj) sdnd Buo| — g Julor Jayjoy  (p

8 1N a9 V9 L1N a9 V& 91N av Vv S 1N

(sasodund Buiuiyosew 1oy pasinbai aq Aew syjbuaj Jabuoj) sdnd Buo| — | Julop Jayjoy (2

2 e

\ /

vin| g N ve |euw| gz vz |zin| a vi {11

(urzl) wu gog =

sdnd yioyg — z jutor 1ayjoly  (q

48 8 1N V8 a. L1IN V. a9 91N V9 ag S 1N VS

2006

sdnd Jioyg — | jutor ssyjoy (e

EN ISO 13679

q e
ar |van| vy Y g |euinw| wve az |lzin| vz a friny v
(Ul 7)) ww o€ =

86



2006

EN ISO 13679

‘| 8|qe ul pejos|es ainjesadwa) YO SUIIY

(421nmoE)NUEBW
Aq pejejdwoo
9Q 0}) suoisuswip
[BUILIOU Y}IM
yoyeys uodnoo jso |

e U0l Jayjow Buydno)
e JuIO[ JayjoW g uid
m
e JuIO[ Jayj0W Vv UIH )
abelony
Ansiwayo
S|PPIN ol
z pu3 Jayjow
Buiidno)d
| pug
X
abelany 8
Ansiwayo 3
S|PPIN ol mw_w
Z pu3 Jayjow K
g uld P
| pug g
@
abelony
Ansiwayo
S|PPIN ol
Z pu3 Jayjow
Vv uld
| pug
IdV Aq paiioads
Do sninpow ssal)s 19540 yibuans . .
ainjeladwsa} }s8 ] s,BUNOA 9% uonebuo|g arewn|n ool % 20 mM_M%Mmmﬁw uodno) ON JUIor | "ON 1esH uoneso
Ansiwayo ol Jayjow g ulg
Ansiwayo ol Jayjow vy uld
Ansiweayo
ol Jayjow Budno)
REltiTe) N A no IN 2| S d I\ 1L aN O 10 N IS o) Sjusn}Isuood |edlwsyd
apelo SSBUYDIY} |[em paloads { payioadg poyjaw juswalnseaw uens
|04]U0D JO POYIBN adA} sulyoew }s8) 9jIsua |
uoneoso ajeq Jawuoyad )s9) 9jIsua |

Jalnjoejnuew |991S

adA} uoiosuuo)

Jalnjoejnuew uoljoauuo)

(038 ‘g‘Z‘| "68) stoqwnu Buiidnoo uswioadg

(018 ‘vz ‘gl ‘V) "B°8) siequinu uid uswioadg

joays ejep Auadoud |eudlepy — |°9 wio4

87



2006

EN ISO 13679

aleq Aq passauim ejeq

ajeq Aq paplooal eleq
w = — — — %) o) w w —
= 35| o o c = g2132| 352 °) 2 ~ <
@ 2. & & =] o) 88 | &% ol X > ]
o 53| & Qo 2 c c 3 | < Q 3 ) 3 o
x P = - o = o3 | =3 = = c P -
| & o S —_ Q. [0 Z Kag] c [ [0
o o ) o 73 3
= o1 3] 8 = g low | 3 | & | T 24
suonensasqo buljeb pue Buiysiginiey - @ o c g Fol 3 == | == g o =
g o} @ e 3 X|co| & - 3
Q @ = c o 3. o =] =
c aQ o & s S @ g~ ®
° S S|3|32 B
« «Q
101d uonisod dn-ayew snsioA anb.oj 1o} anbio) aouaisjoy
|euajew buu |eag
Jaguinu 1onpold _ adk| _ Jainjoenuew Juesuqn| peaiy
uid X0q jusuwineal buljeb-nuy
auiyoew dn-aye _ (s)ereq _ a)is dn-aye
2)ep UoISINSY Jaquinu UOISIASY Jaguinu Buimeiq adA} uoiosuu0D Jainjoejnuew uoloauUU0D
apel SSauNoIY] ||em Jo (1yblam :jage|) ssew paijioad d pauoad
! ! iy 1yl
Jaquinu g uid Jagquinu vy uid _ Jaquinu (xoq) Buidno) _ Jaguinu uawioadg

sobed Jo abed

j99ys ejep jno-jeauiq/dn-ayew uswioadg — z'9 wio4

88



2006

EN ISO 13679

a1eq

Kq pessauym ejeq

a1e(

Kq pepiodal eyeq

JUBW)eal) 90BLINS 1810 AUe Jo buneoo Jo buned siojeg ¢

— Kjljeno |ess |ejaw xog

uolsuswip painsesw ay)

Jo abuel soueIs|0] JO 8beusalad e se payodal aq Aew eleq

— Ajljleno |esas |ejaw uid

— 10113 pes| xog

— H

— 10118 pes| uid

Jade} xog

Jade} uid

(eoueles|)) 8oUBlBUBUI pEaIY ]

"elp "puy/(eAq) yopuess abneb Bury

"elp ‘pyy/(eAg) yopuejs abneb bnid

— uoned0| ano0o0lb bury

SSUNoIY) [IBA

— yipim anoolb bury —

Ja)owelp anooib Bury

90UBI8I8)Ul [B8S BN

Jajawelp [ess |ejoW Xog

Ja)awelp |ess [eloWl Uid

a1eq

no-yealq
ise| sy

1no-yealq
leniur

ino

Ul

papasu
J11Ino-yeauq

I8V

pauIyoBeW Sy

[eniul Jayy

ino ul

pauIyoeW Sy

Jejawelp Jejno

g pud

Vv pug

g uld

v uld

xog

yibusj
duo

N\m_q

%7

Buydno)

yibus|
duo

suonoauu09 [elbajul Jo) Xoq Jo 18sdn Bulidnoo yibus °7

\ \\I !

l4 |3 T.

87 / /o \

v
T g uld < 3

/
\I
1
3
\
\

\9

3 14 |3

(Aue 1) anooib Buu [ees EHOM\\

2]ep UOISIASY _

Jaguinu uoisiney

Jaquinu Bumeliq _ adA} uonoauuo)

Jainjoejnuew uoljdoduuo)

apein

ssauyIy} [lem 10 (JybBiom :jaqe]) ssew panoads

{ payoads

Jaquinu g uid

Jaquinu v uid |

Jaquinu (xoq) Bujidno) |

Jaquinu uawioadg

jo9ays ejep Anjswoab uawidadg — ¢ wio4

89



2006

EN ISO 13679

dled

Aq passauym ejeq

ale(

Aq pap.odal eleq

aulyoew 1s8 |

"SJUSWIWIOD J3Y30 pue (Ul G /W) ajel abexean :ainjie) jo uoieoo| pue uonduossQ

apouw ain|ie} [enjoy

peo| ainie pajedionue 0} PEO| 8iNn|ie) [enjoe Jo onel ay |

alnssaid ainjie} |enjoy

peo| ain|ie} [enoy

suolsuswip pue saiadold [eajueyosw [enjoe Buisn peoj ainjie) pajedionuy

peo| ain|ie} pajel s Jainjoeinuely|

(Aue J1) pjaIA [enjoe uo paseq peoj ainjie} pajedioiue s Jainjoeinuepy

°7 :y1busy [euiq

87 :y1bus) [eul4

V7 :yibus) [eulq

peo| [ejo peo| aulyoel slajaweled }S8) WNWIXE

peoj [ejo peo| aulyoe ainssaid ainjie} 1y

Jagunu uld peoj |ejol peo| aulyoey ainssaid abexes| 1y
ajel Buipeo) |exy 7 ajes Buizunssaid

wnipaw ainssald

adAy uonosuuon 7 Jalnjoeinuew UoRdBUU0D

spelo SSBUNOIY} [lem paljioads @ payads

uonduosap 1sa ]

Jequinu 1s8] 4

Jaquinu uawioads payoadg

199ys ejep 3s9) peo| Jwi] — ') Wio4

90
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\ Grade

\ Specified mass or wall thickness

Specified D

‘ Revision date

Specimen number

peo| aulyoBeW WNWIUI

peo| suIyoBW WNWIXEA|

ainssald wnwiuip

ainssald wnwixep

ainjesadwa) wnwiulp

alnjeladwa) WNWIXep

‘ Revision number

‘ Drawing number

Date

Notes

(uiw) swi pjoy [ejo

Date
Date

(uiw) uoneinp yea

oes | UIWy/seqang

yea| Buipug ulw G /cwo

ojes | Uw/salqang

ABSIBRIUL | yiw g /ewo

‘ Connection type

Connection manufacturer

Test number
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Jsgqwinu uid

Jagwinu xog

Data recorded by
Data witnessed by
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Form C.6 — Test Series A — Summary of observed bubble tube water displacement

Load step numbers to be completed by test engineer. Specimen number to be according to the specimens
tested together, if any. Comments shall be added as needed to explain test events (add and use rows).
Report displacement in rolling 15-min intervals, recorded every 5 min, to determine leak characteristics (see
7.3.2).

Rolling 15 min
VME | Load Hold time Water displé':\cement Water displé':\cement
cm cm
LP step min Specimen 2 Specimen 4 Specimen 2 Specimen 4
1 1 5
during load change
2 60
during load change
3 15
during load change
4 15
during load change
5 15
during load change
6 15
during load change
7 15
during load change
8 15
during load change
9 5
during load change
10 15
during load change
11 15
during load change
12 15
during load change
13 15
during load change
14 15

during load change
1 5

during load change
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Form C.6 (continued)

Rolling 15 min
VME | Load Hold time Water dicsﬂgcement Water displgcement
cm
LP step min Specimen 2 Specimen 4 Specimen 2 Specimen 4
14 15
during load change
13 15
during load change
12 15
during load change
11 15
during load change
10 15
during load change
2 15
during load change
3 15
during load change
9 5
during load change
8 15
during load change
7 15
during load change
6 15
during load change
5 15
during load change
4 15
during load change
3 15
during load change
2 15
during load change
1 5
during load change
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Form C.6 (continued)

Rolling 15 min
VME | Load Hold time Water dicsﬂgcement Water displgcement
cm

LP step min Specimen 2 Specimen 4 Specimen 2 Specimen 4
2 15
during load change
3 15
during load change
4 15
during load change
5 15
during load change
6 60
during load change
7 15
during load change
8 15
during load change
9 5
during load change
10 15
during load change
11 60
during load change
12 15
during load change
13 60
during load change
14 15
during load change
1 5
during load change
2 60

during load change
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Form C.7 — Test Series B — Summary of observed bubble tube water displacement

Load step numbers to be completed by test engineer. Specimen number to be according to the specimens
tested together, if any. Comments shall be added as needed to explain test events (add and use rows).
Report displacement in rolling 15-min intervals, recorded every 5 min, to determine leak characteristics (see

7.3.2).
Rolling 15 min
VME | Load Hold time Water displé':\cement Water displ3acement
cm cm
LP step min Specimen 1 Specimen 3 Specimen 1 Specimen 3
1 1 5
during load change
2 60
during load change
3 15
during load change
4 15
during load change
5 15
during load change
6 15
during load change
7 15
during load change
8 15
during load change
9 5
during load change
2 15
during load change
9 5
during load change
8 15
during load change
7 15
during load change
6 15
during load change
5 15

95



EN ISO 13679:2006

Form C.7 (continued)

Rolling 15 min
VME | Load Hold time Water d|spl3§cement Water d|spl3§cement
cm cm
LP step min Specimen 1 Specimen 3 Specimen 1 Specimen 3

during load change

4 15

during load change

3 15

during load change

2 15

during load change

1 5

during load change

2 15

during load change

3 15

during load change

4 60

during load change

5 15

during load change

6 60

during load change

7 15

during load change

8 15

during load change

9 5

during load change

2 60

during load change
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Form C.8.1 — Test Series C — Summary of observed bubble tube water displacement —
10 thermal cycles

Form C.8.1

Bubble tube displacement

cm3

Cycle
No.

Time
24 h

Specimen 1

Specimen 2

Specimen 3

Specimen 4

A

B

A

B

A

B

A B

Barometer

MC 1

Loads applied

Hold period

Loads removed

MC 2

Loads applied

Hold period

Loads removed

MC 3

Loads applied

Hold period

Loads removed

MC 4

Loads applied

Hold period

Loads removed

MC 5

Loads applied

Hold period

Loads removed

Initial heatup

TC 1

Hot hold

Cooldown

Cool hold

Heatup

TC 2

Hot hold

Cooldown

Cool hold

Heatup

TC3

Hot hold

Cooldown

Cool hold

Heatup

TC 4

Hot hold

Cooldown

Cool hold

Heatup
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98

Form C.8.1 (continued)

Form C.8.1

Bubble tube displacement

cm3

Cycle
No.

Time
24 h

Specimen 1

Specimen 2

Specimen 3

Specimen 4

A B

A B

A

B

A B

Barometer

TC5

Hot hold

Cooldown

Cool hold

Heatup

MC 1

Loads applied

Hold period

Loads removed

MC 2

Loads applied

Hold period

Loads removed

MC 3

Loads applied

Hold period

Loads removed

MC 4

Loads applied

Hold period

Loads removed

MC 5

Loads applied

Hold period

Loads removed

TC6

Hot hold

Cooldown

Cool hold

Heatup

TC7

Hot hold

Cooldown

Cool hold

Heatup

TC 8

Hot hold

Cooldown

Cool hold

Heatup




Form C.8.1 (continued)
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Form C.8.1

Bubble tube displacement

cm3

Cycle Time
No. 24 h

Specimen 1

Specimen 2

Specimen 3

Specimen 4

A

B

A

B

A

B

A

B

Barometer

TC9 Hot hold

Cooldown

Cool hold

Heatup

TC 10 Hot hold

Cooldown

Cool hold

Heatup

Final cooldown

MC 11 | Loads applied

Hold period

Loads removed

MC 12 | Loads applied

Hold period

Loads removed

MC 13 | Loads applied

Hold period

Loads removed

MC 14 | Loads applied

Hold period

Loads removed

MC 15 | Loads applied

Hold period

Loads removed
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100

Form C.8.2 — Test Series C — Summary of observed bubble tube water displacement —
100 thermal cycles

Form C.8.2

Bubble tube displacement

cm3

Cycle
No.

Time
24 h

Specimen 1

Specimen 2

Specimen 3

Specimen 4

A B

A

B

A B

A B

Barometer

MC 1

Loads applied

Hold period

Loads removed

MC 2

Loads applied

Hold period

Loads removed

MC 3

Loads applied

Hold period

Loads removed

MC 4

Loads applied

Hold period

Loads removed

MC 5

Loads applied

Hold period

Loads removed

Initial heatup

TC 1

Hot hold

Cooldown

Cool hold

Heatup

TC2

Hot hold

Cooldown

Cool hold

Heatup

TC3

Hot hold

Cooldown

Cool hold

Heatup

TC 4

Hot hold

Cooldown

Cool hold

Heatup




Form C.8.2 (continued)
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Form C.8.2

Bubble tube displacement

cm3

Cycle
No.

Time
24 h

Specimen 1

Specimen 2

Specimen 3

Specimen 4

A B

A

B

A

B

A B

Barometer

TC5

Hot hold

Cooldown

Cool hold

Heatup

TC6

Hot hold

Cooldown

Cool hold

Heatup

TC7

Hot hold

Cooldown

Cool hold

Heatup

TC8

Hot hold

Cooldown

Cool hold

Heatup

TC9

Hot hold

Cooldown

Cool hold

Heatup

TC 10

Hot hold

Cooldown

Cool hold

Heatup

TC 11

Hot hold

Cooldown

Cool hold

Heatup

TC 12

Hot hold

Cooldown

Cool hold

Heatup
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Form C.8.2 (continued)

Bubble tube displacement

Form C.8.2 3
cm

B t
Cycle Time Specimen 1 Specimen 2 Specimen 3 | Specimen 4 arometer

No. 24 h A B A B A B A B

TC 13 Hot hold

Cooldown

Cool hold

Heatup

TC 14 Hot hold

Cooldown

Cool hold

Heatup

TC 15 Hot hold

Cooldown

Cool hold

Heatup

TC 16 Hot hold

Cooldown

Cool hold

Heatup

TC 17 Hot hold

Cooldown

Cool hold

Heatup

TC 18 Hot hold

Cooldown

Cool hold

Heatup

TC 19 Hot hold

Cooldown

Cool hold

Heatup

TC 20 Hot hold

Cooldown

Cool hold

Heatup
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Form C.8.2

Bubble tube displacement

cm3

Cycle
No.

Time
24 h

Specimen 1

Specimen 2

Specimen 3

Specimen 4

A B

A

B

A

B

A B

Barometer

TC 21

Hot hold

Cooldown

Cool hold

Heatup

TC 22

Hot hold

Cooldown

Cool hold

Heatup

TC 23

Hot hold

Cooldown

Cool hold

Heatup

TC 24

Hot hold

Cooldown

Cool hold

Heatup

TC 25

Hot hold

Cooldown

Cool hold

Heatup

TC 26

Hot hold

Cooldown

Cool hold

Heatup

TC 27

Hot hold

Cooldown

Cool hold

Heatup

TC 28

Hot hold

Cooldown

Cool hold

Heatup
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Form C.8.2 (continued)

Bubble tube displacement

Form C.8.2 3
cm

B t
Cycle Time Specimen 1 Specimen 2 Specimen 3 | Specimen 4 arometer

No. 24 h A B A B A B A B

TC 29 Hot hold

Cooldown

Cool hold

Heatup

TC 30 Hot hold

Cooldown

Cool hold

Heatup

TC 31 Hot hold

Cooldown

Cool hold

Heatup

TC 32 Hot hold

Cooldown

Cool hold

Heatup

TC 33 Hot hold

Cooldown

Cool hold

Heatup

TC 34 Hot hold

Cooldown

Cool hold

Heatup

TC 35 Hot hold

Cooldown

Cool hold

Heatup

TC 36 Hot hold

Cooldown

Cool hold

Heatup
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Form C.8.2

Bubble tube displacement

cm3

Cycle
No.

Time
24 h

Specimen 1

Specimen 2

Specimen 3

Specimen 4

A B

A

B

A

B

A B

Barometer

TC 37

Hot hold

Cooldown

Cool hold

Heatup

TC 38

Hot hold

Cooldown

Cool hold

Heatup

TC 39

Hot hold

Cooldown

Cool hold

Heatup

TC 40

Hot hold

Cooldown

Cool hold

Heatup

TC 41

Hot hold

Cooldown

Cool hold

Heatup

TC 42

Hot hold

Cooldown

Cool hold

Heatup

TC 43

Hot hold

Cooldown

Cool hold

Heatup

TC 44

Hot hold

Cooldown

Cool hold

Heatup
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Form C.8.2 (continued)

Bubble tube displacement

Form C.8.2 3
cm

B t
Cycle Time Specimen 1 Specimen 2 Specimen 3 | Specimen 4 arometer

No. 24 h A B A B A B A B

TC 45 Hot hold

Cooldown

Cool hold

Heatup

TC 46 Hot hold

Cooldown

Cool hold

Heatup

TC 47 Hot hold

Cooldown

Cool hold

Heatup

TC 48 Hot hold

Cooldown

Cool hold

Heatup

TC 49 Hot hold

Cooldown

Cool hold

Heatup

TC 50 Hot hold

Cooldown

Cool hold

Heatup

MC 1 Loads applied

Hold period

Loads removed

MC 2 Loads applied

Hold period

Loads removed

MC 3 | Loads applied

Hold period

Loads removed
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Form C.8.2

Bubble tube displacement

cm3

Cycle
No.

Time
24 h

Specimen 1

Specimen 2

Specimen 3

Specimen 4

A

B

A B

A

B

A

B

Barometer

MC 4

Loads applied

Hold period

Loads removed

MC 5

Loads applied

Hold period

Loads removed

TC 51

Hot hold

Cooldown

Cool hold

Heatup

TC 52

Hot hold

Cooldown

Cool hold

Heatup

TC 53

Hot hold

Cooldown

Cool hold

Heatup

TC 54

Hot hold

Cooldown

Cool hold

Heatup

TC 55

Hot hold

Cooldown

Cool hold

Heatup

TC 56

Hot hold

Cooldown

Cool hold

Heatup
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Form C.8.2 (continued)

Bubble tube displacement

Form C.8.2 3
cm

B t
Cycle Time Specimen 1 Specimen 2 Specimen 3 | Specimen 4 arometer

No. 24 h A B A B A B A B

TC 57 Hot hold

Cooldown

Cool hold

Heatup

TC 58 Hot hold

Cooldown

Cool hold

Heatup

TC 59 Hot hold

Cooldown

Cool hold

Heatup

TC 60 Hot hold

Cooldown

Cool hold

Heatup

TC 61 Hot hold

Cooldown

Cool hold

Heatup

TC 62 Hot hold

Cooldown

Cool hold

Heatup

TC 63 Hot hold

Cooldown

Cool hold

Heatup

TC 64 Hot hold

Cooldown

Cool hold

Heatup
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Form C.8.2

Bubble tube displacement

cm3

Cycle
No.

Time
24 h

Specimen 1

Specimen 2

Specimen 3

Specimen 4

A B

A

B

A

B

A B

Barometer

TC 65

Hot hold

Cooldown

Cool hold

Heatup

TC 66

Hot hold

Cooldown

Cool hold

Heatup

TC 67

Hot hold

Cooldown

Cool hold

Heatup

TC 68

Hot hold

Cooldown

Cool hold

Heatup

TC 69

Hot hold

Cooldown

Cool hold

Heatup

TC 70

Hot hold

Cooldown

Cool hold

Heatup

TC 71

Hot hold

Cooldown

Cool hold

Heatup

TC 72

Hot hold

Cooldown

Cool hold

Heatup
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Form C.8.2 (continued)

Bubble tube displacement

Form C.8.2 3
cm

B t
Cycle Time Specimen 1 Specimen 2 Specimen 3 | Specimen 4 arometer

No. 24 h A B A B A B A B

TC 73 Hot hold

Cooldown

Cool hold

Heatup

TC 74 Hot hold

Cooldown

Cool hold

Heatup

TC 75 Hot hold

Cooldown

Cool hold

Heatup

TC 76 Hot hold

Cooldown

Cool hold

Heatup

TC 77 Hot hold

Cooldown

Cool hold

Heatup

TC 78 Hot hold

Cooldown

Cool hold

Heatup

TC 79 Hot hold

Cooldown

Cool hold

Heatup

TC 80 Hot hold

Cooldown

Cool hold

Heatup
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Form C.8.2

Bubble tube displacement

cm3

Cycle
No.

Time
24 h

Specimen 1

Specimen 2

Specimen 3

Specimen 4

A B

A

B

A

B

A B

Barometer

TC 81

Hot hold

Cooldown

Cool hold

Heatup

TC 82

Hot hold

Cooldown

Cool hold

Heatup

TC 83

Hot hold

Cooldown

Cool hold

Heatup

TC 84

Hot hold

Cooldown

Cool hold

Heatup

TC 85

Hot hold

Cooldown

Cool hold

Heatup

TC 86

Hot hold

Cooldown

Cool hold

Heatup

TC 87

Hot hold

Cooldown

Cool hold

Heatup

TC 88

Hot hold

Cooldown

Cool hold

Heatup
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Form C.8.2 (continued)

Bubble tube displacement

Form C.8.2 3
cm

B t
Cycle Time Specimen 1 Specimen 2 Specimen 3 | Specimen 4 arometer

No. 24 h A B A B A B A B

TC 89 Hot hold

Cooldown

Cool hold

Heatup

TC 90 Hot hold

Cooldown

Cool hold

Heatup

TC 91 Hot hold

Cooldown

Cool hold

Heatup

TC 92 Hot hold

Cooldown

Cool hold

Heatup

TC 93 Hot hold

Cooldown

Cool hold

Heatup

TC 94 Hot hold

Cooldown

Cool hold

Heatup

TC 95 Hot hold

Cooldown

Cool hold

Heatup

TC 96 Hot hold

Cooldown

Cool hold

Heatup
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Form C.8.2

Bubble tube displacement

cm3

Cycle
No.

Time
24 h

Specimen 1

Specimen 2

Specimen 3

Specimen 4

A

B

A B

A

B

A

B

Barometer

TC 97

Hot hold

Cooldown

Cool hold

Heatup

TC 98

Hot hold

Cooldown

Cool hold

Heatup

TC 99

Hot hold

Cooldown

Cool hold

Heatup

TC 100

Hot hold

Cooldown

Cool hold

Heatup

Final cooldown

MC 11

Loads applied

Hold period

Loads removed

MC 12

Loads applied

Hold period

Loads removed

MC 13

Loads applied

Hold period

Loads removed

MC 14

Loads applied

Hold period

Loads removed

MC 15

Loads applied

Hold period

Loads removed
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Form C.9 — Test load calculation sheet

Date
Manufacturer
Product: Name
Pipe size Mass (label: weight) Grade
ltem Value, units

1. D = Specified pipe outside diameter

2. Mass (weight) label

3. t= Specified wall thickness

4. Minimum allowable wall thickness, 87,5 %

5. Piyp = Minimum internal yield pressure in accordance with ISO 10400 (APl Bul 5C3)
6. A, =nl4 D?

7.ty = Minimum wall thickness for specimen

8. A;=ml4 (D - 21,)

9. Ap=n(D—t)t

10. K,; = Connection internal pressure efficiency

11. K, = Connection external pressure efficiency

12. Sy = Minimum vyield strength at ambient temperature and at 135 °C (CAL Il or Ill) and
at 180 °C (CAL IV)

13. Syt =95 % Sy at appropriate temperature as specified in 12 above

14. S, = Minimum tensile strength at room temperature

15. py = Pressure that produces D; yield stress S,

16. p. = Series C (thermal cycle) test pressure at 180 °C (CAL IV), at 135 °C
(CAL Ill or 1)

17. po = External test pressure

18. p. = Collapse pressure as specified in ISO 10400

19. Fy= Connection yield strength

20. F; = Connection parting strength

21. K; = Connection tension efficiency

22. K. = Connection compression efficiency

23. Fc = Connection compression axial yield load

24. F\, = Axial bending load component

25. T = Total axial load, frame + pressure induced

Data Form C.9 is included to assist with comparison to previous test results from APl RP 5C5.
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Annex D
(normative)

Connection full test report

D.1 General considerations

Include the following general information in the full test report:

a)
b)
c)

d)

any necessary general information;

the identification reference for the connection;

a reference to this International Standard, i.e. ISO 13679;

the connection application level test class;

the connection geometry performance data sheet;

a reference to the identification of the person who performed the tests;
a reference to the identification of the person coordinating the tests;
a declaration of any third party monitoring the tests;

the date and place of the tests;

all completed data sheets;

the assessment of test results;

the equipment calibration documentation.

D.2 Specimen preparation information (include Form C.1)

Include the following information concerning the specimen preparation in the full test report:

a)

b)

a description of the material and grade;

the source of the test specimen materials;

a summary of test specimen related mechanical properties;
a statement of the elevated temperature used;

the ratio of test specimen material mechanical yield strength at elevated temperature to the material yield
strength at ambient temperature;

the ratio of the test specimen material ultimate strength at elevated temperature to the material ultimate
strength at ambient temperature.
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D.3 Make-up/break-out information (include Forms C.2 and C.3)
Include the information concerning the following make-up/break-out information in the full test report:
a) the thread compound and minimum/maximum quantities applied;

b) the degree of galling, a description of any repair that took place to alleviate the galling, a description of
any reason for the galling taking place and suggestions to be made to minimize galling in future;

c) the speeds used during make-up/break-out tests;

d) the reference torque, shoulder torque, total torque, turns past shoulder and turns to full make-up;
e) all torque/turn plots;

f)  the break-out torque ranges prior to pressure and temperature testing;

g) a statement of any connections significantly over-torqued and any resulting problems;

h) the bake time and temperature, with plots;

i) all photographs.

D.4 Test load envelope tests (include Forms C.5, C.6, C.7 and C.8)
For each applicable Test Series (A, B, C), report the following information:

a) the planned and actual test pressure, axial load, bending moments and temperature; in separate axial-
pressure load diagrams and tables for each Test Series (see Figure A.1 and Table A.2);

b) the maximum frame load, pressure and temperature;
c) the test pressure medium;
d) the method of leak detection;

e) a statement if any leakage was detected, the pressure at which leaks were detected, and the rate of
leakage;

f)  the method of heat application and monitoring;
g) any problems encountered;
h) load versus time plots with annotations for leaks or unusual events;

i) all test operators’ hand-recorded logs.

D.5 Load limit envelope tests (include Form C.4)

Include the following information concerning load limit envelope tests in the full test report:
a) the failure location and failure mode;

b) the failure loads (pressure and axial);

c) the maximum loads (pressure and axial);
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d) asummary of the axial-pressure load diagram showing
1) the final limit load points or envelope,

2) all limit load leak, structural failure and/or maximum load points with annotations for unusual events.

D.6 Omissions and deviations

Specify what tests, if any, were omitted, why they were omitted and why the connection should be considered
adequately evaluated without the tests being completed. Any deviations from the specified procedures shall
be with a description of the procedures or tests that were used. No comments are required if the tests were
fully performed as specified. Manufacturer de-rating for axial loads and internal or external pressure shall be
reported.

D.7 Additional tests

Any additional tests that were performed but are not required for an application level may be reported and
clearly identified as additional to this International Standard.
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Annex E
(normative)

Connection testing summary report

E.1 General considerations

The following guidelines are provided for generating the summary report on the connection test. The intent is
to provide all the information required to fully specify the connection tested, make it up properly, have
confidence that it will perform as desired and be aware of any potential difficulties.

The summary report shall identify deviations to the specified procedures (if any) but should not duplicate
information on the test procedures, which is already found in this International Standard. Also, additional tests,
which were performed but are not required for an application level may be included but should be clearly
identified as additional to this International Standard.

The summary test report shall contain the information specified in E.2 to E.9.

E.2 General information

Include the following general information in the summary test report:

a)
b)
c)

d)

the purpose of the test and application;
the identification of the test facility that performed the tests;
the application level tested and edition of ISO 13679 used;

the assessment of test results.

E.3 Test procedure specifics and deviations

Include the following information concerning the specifics and deviations of the test procedure in the summary
test report:

a)

b)

c)

118

a statement specifying what was tested and what is believed to be acceptable with an indication of any
limitations;

a statement identifying who executed which tests;

a statement specifying what tests, if any, were omitted, why they were omitted, and why the connection
should be considered adequately evaluated without the tests being completed; deviations shall be
included with the applicable procedures or tests that were followed; no comments are required if the tests
were fully performed as specified; manufacturer de-rating for axial loads and internal or external pressure
shall be reported;

a statement specifying when (months/year) and where the tests were performed; personnel co-ordinating
the tests and any third-party monitoring of the tests.
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E.4 Connection design

Include the following information concerning the connection design in the summary test report:
a) a connection performance data sheet in accordance with Annex A;

b) the name, drawing number and revision level of the connection;

c) the pipe size, mass (label: weight) and grade;

d) the thread height, pitch, load, and stab angles;

e) the type of seals (metal, resilient, and so forth);

f)  the location of the resiliency of the seal (in the threads, against the metal seal, etc., if applicable);
g) whether T&C or integral;

h) the thread interference or clearance;

i) the antigalling surface treatment for pin and box;

j)  the type of lubricant with the amount used on the pin and box and the make-up torque range.

E.5 Specimen preparation

Include the following information concerning the specimen preparation in the summary test report:
a) the source of the specimen materials and a summary of the related mechanical properties;
b) the elevated temperature used;

c) the ratio of the material yield strength at elevated temperature to the material yield strength at ambient
temperature;

d) the ratio of the material ultimate strength at elevated temperature to the material ultimate strength at
ambient temperature.

E.6 Make-up/break-out tests
Include the following information concerning the make-up/break-out tests in the summary test report:

a) a statement as to whether galling occurred and if so, how it was repaired; whether there was a reason
why galling occurred and what could have been done to minimize it;

b) the make-up speeds;

c) the reference torque, shoulder torque, total torque, turns past shoulder and turns to full make-up;
d) the break-out torque ranges prior to pressure and temperature testing;

e) the break-out torque ranges subsequent to pressure and temperature testing;

f) a statement as to whether any connections were significantly over-torqued, and whether any problems
resulted.
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E.7 Test load envelope tests

For each applicable Test Series (A, B, C), the following information should be included:
a) the test pressure, axial load, bending moments and temperature;

b) the maximum pressure at room temperature and at elevated temperature;

c) the test fluid used (i.e. N, oil, water, etc.);

d) the means by which leakage was monitored;

e) a statement as to whether leakage was observed; if so, report the pressure and frequency and the leak
rate;

f)  the method of heat application and monitoring;
g) any problems encountered;

h) any summary axial load-pressure diagrams (VME plots).

E.8 Limit load tests

For each limit load test path include the following information:
a) the location and mode of failure;

b) the failure loads (pressure and axial);

c) the ratio of failure loads to anticipated limit loads;

d) any leaks before failure (pressure and leak rate);

e) the maximum loads (pressure and axial);

f) any summary pressure-tension load diagrams.

E.9 Additional information
Include the following information in the test report:
a) Table A.1, i.e. the connection geometry and performance property data sheet;

b) more test information can be found in the detailed test report in Annex D.
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(informative)

Frame load range determination
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Assume that a 2 000 kN frame is calibrated from 200 kN to 2 000 kN. Table F.1 depicts the average of the two

passes and percent error of the frame.

Table F.1 — Typical results from frame load range determination

(200 kN to 2 000 kN)

Indicated load | Actual load | Error Error
kN kN kN %
203,0 200,0 3,0 1,50
400,5 400,0 0,5 0,12
599,0 600,0 -1,0 -0,17
797,5 800,0 -25 -0,32
999,5 1 000,0 -0,5 0,05
1201,5 1200,0 1,5 0,12
1404,0 1400,0 4,0 0,28
1606,0 1600,0 6,0 0,38
1797,0 1800,0 -3,0 0,16
1991,0 2000,0 -9,0 -0,45
NOTE At 200 kN the percent error is greater than
+ 1,0 %. Therefore, the usable loading range is 400 kN to
2 000 kN.
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Annex G
(informative)

Interpolation and extrapolation considerations

G.1 General considerations

Manufacturers and users can both benefit from interpolation or extrapolation of salient performance
parameters over a range of D, D/t, grades, etc., to qualify a product line. Due to limitations regarding
constitutive relationships of leak resistance and thread compound data, relying entirely on analysis (such as
finite element method) is not sufficient for qualification. Conversely, full-scale physical testing on every
diameter, mass (label: weight) and grade is neither necessary nor practical. Consequently this methodology
recommends testing (see G.3), to provide the necessary empirical data and analysis (see G.4), which ensures
consistent control of the performance parameters and provides confidence in application of sizes not tested.

The test population includes worst-case combinations of the production population in terms of dimensions
while verifying the material specification.

G.2 Product line

A product line is that set of products that are designed with common criteria (i.e. uniform seal geometry,
consistent geometric changes, uniform thread taper and similar and consistent thread and seal interferences)
across the sizes, mass (label: weight) and grades specified. Pictorial representation of a product line is shown
in Figure G.1. Product line qualification may cover the entire product size and mass (label: weight) range or
may be limited to tubing sizes and/or to casing sizes.

Standard product line qualification should be performed on a high strength material (ISO 11960 P110 or
Q125) and on a low strength material (typically ISO 11960 L80).

G.3 Testing

The proposed test sizes and mass (label: weight) are identified in Figure G.1 and are intended to
experimentally define the performance of connectors at extremes and intermediate points of the product line.
Such sizes may have to be identified based on the drilling and production needs, and may be adjusted by the
manufacturer for specific products. Reduced specimen set size may be appropriate for some of the test
points.

When interpolating or extrapolating data for product line qualification, it is necessary that test results meet

acceptance criteria in every size, mass (label: weight) and grade tested in order to meet requirements for
product line qualification.

G.4 Analysis

The analysis portion of the product line qualification is intended to complement the testing portion and provide
confidence in application of sizes not tested.

Basic leak performance data, such as contact pressure to preclude leaks, cannot be defined in the analysis.
Rather, calculations will not be compared to analysis results of the tested size.

122



EN ISO 13679:2006

Data may only be interpolated or extrapolated for critical parameters, such as stress and contact parameters
of untested configurations, that fall within the ranges of those tested. The portion of a product line which
includes stresses beyond or contact pressure outside the tested empirical basis will not be qualified without
additional physical testing. Since testing is used to bound extremes, the role of analysis is reduced to
interpolating or extrapolating continuity in design between tested sizes.

The process of a full product line qualification as described above, even if greatly reducing the required
number of tests, still bears a significant cost, either from tests or from analyses. However, as the process of
the full qualification proceeds, a partial qualification can be achieved, provided tests and analyses already
performed “cover” the range under partial qualification, in a similar way as the full qualification described
above.
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Figure G.1 — Example premium connection design space
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Annex H
(informative)

Special application testing

H.1 General considerations

This International Standard covers the testing of connections for the most commonly encountered well
conditions. This annex provides guidelines on potential supplemental testing which may be required for the
specialized service conditions as listed below. For such service conditions, the manufacturer and user should
consult and agree.

H.2 Specialized service conditions

Listed below are examples of specialized service conditions:

a)

124

application of an anti-clockwise back-off torque while conducting other test sequences;
testing of multiple seal connections;

thread compound pressure entrapment;

extended-reach and horizontal-well profiles requiring high compression and high torsional resistance;
medium and short radius well profiles;

tension leg platforms, floating facilities, compliant towers;

geothermal and steam injection;

permafrost thaw subsidence;

make and break trials to simulate extreme field assembly/stabbing conditions;

surface subsidence, formation compaction or salt structures;

rapid cooling (quenching) of a connection seal;

probabilistic connection performance;

pile driving of conductors;

mechanical connectors for flow lines;

high-alloy corrosion-resistant materials with anisotropic material properties;
high-temperature wells;

sour service wells.
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H.3 Testing considerations for various special applications

H.3.1 Medium/short radius profile wells

The trajectory of the wellbore is characterized by a high dog leg severity (Dleg) profile in excess of 20°/30 m
followed by a near horizontal section. Running of tubing and casing into a well of such profile will subject the
connections to high bending stresses while running through the tight radius profiles. Such pipe may have to be
rotated to work through the frictional and mechanical drag in the well. Rotation in such high curvatures can
produce fatigue damage to the connection. To confirm a connection’s integrity for use in medium/short radius
wells, it is recommended that connection qualification tests include the following:

a) hydrostatic pressure test (or gas test) with bending to the planned Dieq plus a safety margin;
b) rotating bending fatigue tests.

H.3.2 Make and break tests to simulate field conditions

The assembly tests described in this International Standard are conducted with pup joints assembled under
well controlled test laboratory conditions. Actual field running can involve more severe conditions due to a
variety of effects including:

a) field running requires full-length joints (either Range 2 or 3, see ISO 11960) for tubing and casing;
b) field running involves vertical stabbing and make-up;

c) field running can be conducted under severely varying conditions, including rain, wind, extreme cold, and
extreme heat etc.;

d) field running can be affected by misalignments, such as the derrick over the rotary or the rig over the well;

e) field running offshore can be affected by rig movement for floating operations or even fixed offshore
structures in deep water environments;

f) field running of many, many joints in long strings can certainly be affected by human conditions with
regard to doping, stabbing, make-up, final torquing, etc.;

g) field pulling operations during a work-over require breaking out of connections, which have been affected
by both long time exposure and possibly extreme environmental exposure (to temperature, hydrocarbons,
etc.).

Because of these issues, justification may exist to simulate field running/stabbing for particular projects. For
example, a full-size joint or pup joint with a mass (label: weight) representing a full-size joint can be stabbed
into a coupling and assembled. This procedure can be repeated with the joint at various angles to simulate
incorrect stabbing that can occur due to strong winds. Similarly, make and break tests can be conducted with
eccentric masses (label: weights) to simulate misalignment forces. To better simulate break-out conditions for
a work-over, connections can be heated between make-ups and break-outs to better simulate the degraded
state of the thread compound that will be present for the work-over.

H.3.3 Thread compound pressure entrapment
Thread compound pressure build-up within a connection can significantly impact the performance of the

connection. It can result in severe plastic deformation of the seal region, make-up torque being absorbed in
overcoming the pressure build-up resulting in a reduction of pre-load within the connection.
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If it is desired to understand the effects of thread compound quantities on the performance of a connection,
the following recommended test procedure should be considered.

a) Dirill a port hole into the pin or box member downstream of the primary internal pressure seal to allow the
thread pressure in the region to be monitored during make-up. The hole should be tapped to allow a
pressure transducer to be connected directly or via a short rigid pressure line.

b) Prior to assembly, conduct detailed gauging measurements of the seal diameter and bore adjacent to the
seal.

c) Apply the thread compound to the manufacturer's recommended procedure and quantity. Fill the cavity
and the lines to the pressure transducer and pressure gauge with the thread compound.

d) Assemble the connection to the manufacturer's minimum recommended make-up torque.

e) Measure and record the thread compound pressure. (Analogue or high speed digital system should be
used with the pressure transducer.)

f)  Break-out connection, clean threads and seal, re-gauge connections.

g) Repeat steps c) to f) with the manufacturer's normal make-up torque in place of minimum make-up
torque.

h) Repeat steps c) to f) with the manufacturer's maximum make-up torque in place of minimum make-up
torque.

i) Repeat steps c) to h) with double the quantity of manufacturer’s’ recommended thread compound.
i) Repeat steps c) to h) with triple the quantity of manufacturer’'s recommended thread compound.

If excessive plastic deformation is recorded for the conditions with the manufacturer's recommended quantity
of thread compound, caution in the use of the connection is advised.

If excessive plastic deformation is recorded for double or triple the quantity of thread compound, then
personnel responsible for running the connection should be made aware of the consequences of overdoping
and specialized doping procedures can be considered.

H.3.4 Isolation of multiple seals

In the test procedures given in this International Standard, connections with multiple seals are tested with all
seals active without any ports or bleed holes since this is how they should be used. However, for
understanding of connection seal redundancy, evaluation of seal independence, etc., some users may desire
to test seals individually. For example, each individual seal can be tested with pressure from the primary
design direction with other seals disabled. The guidelines of Annex J should be considered and apply to
metal-to-metal seals as well as resilient seals.

It is recommended that for connections with multiple seals, only the two innermost seals be tested for internal
pressure. All other potential seals are considered extraneous for these tests and should be disabled either by
porting between seals or by by-passing seals.

H.3.5 Subsidence and salt application

Some reservoirs experience a physical breakdown of the producing formation due to loss of pore pressure.
This breakdown causes subsidence of the formation and can produce vertical displacements on the well
string. Movement of salt formations can also cause vertical and lateral displacements of the well. These well
conditions can create loads well above the pipe yield strength.
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Testing for these applications should include high axial compression and bending loads. In some cases, the
displacements can completely sever the strings or close the well bore. Therefore, special considerations
should be given to the design of the well.

H.3.6 Rapid cooldown conditions

Wells that have unusually high downhole temperatures cause the production tubing string to operate at higher
temperatures than normal. Some operating conditions such as killing the well or acidizing can pump cool liquid
down the tubing and cause a rapid cooldown. This cooling can cause the connection pin seal to thermally
contract faster than the box and the primary metal seal can sometimes open causing a connection leak.

Test procedures for evaluating rapid cooldown or quenching have been developed and used by some
operators. For wells that have unusually high operating temperatures and that could experience such a rapid
cooldown of the tubing, consideration should be given to test the tubing connections for this load case.

H.3.7 Marine service

Offshore wells typically have tubular strings that are subjected to loads different from downhole strings. The
strings include production risers, casing and tubing. Applications include floating and compliant platforms.

In general, tubular strings that are subjected to large numbers of cyclic loads should be designed for fatigue,
in addition to simple structural integrity. Fatigue evaluation of connections is usually performed both
theoretically using finite element analysis methods that include fine meshes to obtain peak stress for fatigue
evaluation and linearized stresses for static evaluation. Testing of the connection should include both static
and cyclic loads. Static tests in accordance with this International Standard are appropriate, with possibly
greater bending (i.e. some load conditions cause bending of the riser assembly to reach full yield).
Additionally, consideration to temperature should be given. The riser will typically operate at temperatures
from 0 °C to 38 °C. Cyclic tests should be performed to verify connection suitability for varying loads. This
includes cyclic bending and possibly cyclic tension.

H.3.8 Reverse torque

For applications where reverse torque capacity is required or a contingency, back-off torque resistance
evaluation may be requested. As an example, a back-off torque corresponding to 60 % of the make-up torque
may be requested. For production tubing applications, the reverse torque can be applied in addition to
application of internal pressure and tension/compression cycling with bending.

Anti-clockwise torsion can be applied using a dead mass (label: weight) fixed on an arm or any other system
(hydraulic, for instance). Strain gauges can be placed on the pipe body near the connection to verify that
tension is properly applied to the connection before starting the procedure. To facilitate the loading calculation,
the stress amount generated by the torsion can be compensated by a decrease in internal pressure to ensure
that pipe-body stresses remain within yield.

H.3.9 Permafrost applications

The near-surface geology of Arctic regions can create well conditions that cause post-yield compression loads
on the tubular strings. Arctic regions generally include a layer of frozen soil near the surface known as
“permafrost”. During the drilling and production of the well, thawing of the permafrost can occur and can cause
subsidence of the well. As this happens, the tubular strings are slowly subjected to increasing axial
compression that can stress the pipe beyond the material yield strength. In some cases, local buckling can
also occur with compression.

Testing of candidate connections should include axial compression that can load the specimen to 2 % or

greater strain levels. The specimen will require lateral restraint to prevent gross unstable behaviour and
buckling. Bending considerations for the well and testing should also be included.
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H.3.10 Steam injection and geothermal service

Wells that use steam, injected into the reservoir and geothermal wells, can produce unusually high axial loads
to the tubing and casing strings. The relatively high temperature of the injected steam causes thermal
expansion that can stress the tubular string beyond the material yield strength. During the production part of
the cycle, the temperature decreases and the string is subject to tension loads that can be beyond the yield
strength. Geothermal wells exhibit similarly large thermal changes resulting from shut-in periods after steam
production cycles.

Tests that load the tubular connections in axial compression and tension are required to evaluate candidate
connections. The test should include heating and cooling the specimen to the anticipated well temperatures,

while maintaining the ends of the specimen fixed. Internal pressure should also be applied. Bending of the
specimen should be considered both for the well service and in the test.

H.3.11 Extended reach and horizontal wells

For extended reach and horizontal well applications, high torque capacity may be required to the connection in
order to be able to rotate the string. Generally, this is to a specific design for the connection.

If the standard make-up torque of the connection is selected close to the maximum capacity corresponding to
the yielding resistance of the material, no more tests are required. But if there is more than 10 % of safety
margin between the maximum make-up torque and the yield torque, some complementary overtorque
resistance evaluation may be requested by the user.

As a recommendation, the make-up procedure described in 7.2.2 should be repeated by a make-up at the

maximum; therefore, apply the yield make-up torque less 10 %, then break-out, clean and gauge the
connection. Report results on the specimen geometry data sheets, Form C.3 as specified in 7.2.

H.3.12 Pile driving of conductors and associated connectors

Conductors may be run into pre-drilled holes, water jetted ahead in soft sands/silts or driven. Conductor
connectors that are run into pre-drilled holes or water jetted ahead are covered by CAL | in this International
Standard.

Pile driving of conductors imparts high magnitudes of shock loadings into the connectors, due to the hammer
blows. The performance characteristics of the connector shall not be compromised by the shock loadings. To
confirm the connector's integrity, it is recommended that the following test sequence be adopted.

a) Attach strain gauges and accelerometers to the pin and box components.

b) Assemble connector and conduct internal hydrostatic pressure test.

c) Pile-drive the connector/conductor at a rate of 50 blows/min until 2 000 blows have been achieved.

d) Visually inspect connector for damage.

e) Re-conduct hydrostatic pressure test.

f)  Break out connector and conduct visual and dimensional inspections of the connector components.

g) Record and monitor strain gauge and accelerometer data at each step. Review data for excessive
strains/plastic deformation, etc.

H.3.13 Flowline connections

OCTG connections are specified for use in downhole applications. Another application for connection of
similar/same geometry as for OCTG is mechanical connection systems for use on flowlines. There are several
loading regimes that shall be catered for including offshore “S-lay”, “J-lay”, and “J-tube installation”, cyclic
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loading due to pressure and temperature differentials, bending and cyclic loads on unsupported spans, vortex
shedding and wave loading during installation.

A recommended test procedure to qualify connections for use as flowline connections includes the following
steps.

a) Conduct five multiple makes and breaks.
b) Assemble to minimum torque.
c) Conduct internal hydrostatic pressure test.

d) To simulate pipe lay, conduct bend test to 80 % yield stress on top surface of pipe body, then reverse
bend until 80 % yield stress is achieved on lower surface of pipe body; this comprises one cycle.

e) Conduct a hydrotest to 90 % hoop vyield stress.

f) Conduct an internal gas pressure test to 80 % hoop yield stress with pipe axially constrained whilst
maintaining internal gas pressure. Cycle temperature from 4 °C to 90 °C. Complete ten cycles.

g) Conduct an internal gas pressure test to 80 % hoop vyield stress with pipe unconstrained whilst
maintaining internal gas pressure. Cycle temperature from 4 °C to 90 °C. Complete ten cycles.

h) To simulate vortex-induced vibration or fatigue-dominant regimes, the connection should be subjected to
10 000 bending cycles at a stress range equivalent to that anticipated in service.

H.3.14 High-temperature wells

Connection testing for wells with temperatures above 180 °C is beyond the scope of this International
Standard. Additional testing may be required for wells with temperature above 180 °C.

H.3.15 Sour service wells
Connection testing for sour service wells with high concentrations of H,S may be beyond the scope of this

International Standard. Additional testing may be required for sour service wells if embrittlement of the
connection is considered an issue.

129



EN ISO 13679:2006

Annex |
(informative)

Rationale for design basis

1.1 Background (see Introduction)

This International Standard is part of a process to provide reliable tubing and casing connections for the ail
and natural gas industry that are fit for purpose. It has been developed based on improvements to
API Recommended Practice 5C5 and propriety test procedures, with input from leading users, manufacturers
and testing consultants from around the world. This International Standard represents the knowledge of many
years of testing and qualification experiences.

The validation of connection test load envelope and failure limit loads is relevant to the design of tubing and
casing for the oil and natural gas industries. Tubing and casing is subject to loads that include internal
pressure, external pressure, axial tension, axial compression, bending, torsion, transverse forces and
temperature changes. The magnitude and combination of these loads result in various pipe body and
connection failure modes. Although pipe body test and limit loads are well understood in general, the same
cannot be stated for the connection. These failure modes and loads are generally different and often less than
that of the pipe. Consequently experimental validation is required. Well design matches the test and load limits
of both the connection and pipe to the well conditions to provide load capacities with suitable reliability.

The validation of test and limit loads requires testing at the extremes of performance parameters to these
defined loads. Testing at the extremes of the performance parameters assures that the production population,
which falls within these limits, will meet or exceed the performance of the test population. Thread connection
performance parameters include dimensional tolerances, mechanical properties, surface treatment, make-up
torque and the type and amount of thread compound. For typical proprietary connection, worst-case
tolerances are known and defined in this International Standard. For other connections, design analysis is
required to define worst-case tolerance combinations.

This Annex compiles the information on design basis items contained throughout this International Standard.

.2 Retention and dissemination of test data (see Annexes D and E)

The test data provides objective evidence of validation of the connection test envelope and failure limit loads.
It is the responsibility of the manufacturer to maintain copies of test results as long as the connection is
offered to the industry by the manufacturer. A summary report is required for broader distribution than the full
report.

.3 General test requirements (see 5.1 and 5.2)

Connection performance data are generated by testing. Four test classes are defined and are related to
increasingly arduous mechanical service conditions. The test classes increase in severity by increasing the
number of test parameters from simple cyclic axial (tension and compression) stress internal pressure to
cyclic loading with internal and external pressure, axial tension and compression and bending and including
thermo-mechanical cycling.

The classes of tests do not include all possible service scenarios. For example, the presence of a corrosive
fluid, which may influence the service performance of a connection, is not considered. Passing the tests
demonstrates conformance of the connection to the specified connection application level. Failure of some or
all tests may result in a revision of the connection design or a revision of the test or limit loads. In the first
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case, the testing shall be repeated. In the second case, the tests that failed shall be repeated unless they
conform to the revised load envelope.

1.4 Calibration requirements (see 5.4)

Calibration demonstrates that the test equipment conforms to a consistent industry standard ensuring that the
test equipment itself does not influence the outcome of the tests.

.5 Material property tests (see 5.6)

The pipe material is mechanically tested to determine yield strength (in accordance with ISO 11960 or
ISO 13680) for calculation of testing loads and acceptance criteria, part of the validation process for a
connection. Connection specimens and couplings shall be traceable to mother joints with a limited yield
strength range.

Consideration needs to be given to the limits of qualification of a connection if, within a specific strength grade,
high strength pipe is tested. Consideration needs to be given to the possible effects of anisotropy of
mechanical properties and of residual stress in cold worked CRA pipe (see ISO 13680 for information). Axial
tensile testing may not be sufficient to adequately characterize the pipe.

1.6 Make-up and break-out procedures (see 5.7)

Make-up and break-out procedures and the thread compound used during testing should be consistent with
normal industry practice used in the field.

Although a pipe and a connection have performance properties suitable for an application, it is necessary to
consider the operational issues of make-up of the joints of pipe with the connection because they are of great
importance. It is necessary to assemble the connection using the technology available in the field. This
technology is typically rotational using rig or power tongs. The rotation is controlled by a number of methods,
primarily by torque. More sophisticated field equipment can permit additional measurement of data relevant to
the connection assembly, for example turns, torque and/or time.

.7 Internal pressure leak detection (see 5.8 and 5.9)

Leak detection requirements are critical for those connections that need to be gas or liquid tight. Alternate
methods of leak detection are shown for use on different type of connections.

.8 Data acquisition and test methods (see 5.11)
The correct and adequate recording of data is fundamental to the qualification programme. Without adequate

records, it will not be possible to provide objective evidence that the connection has been qualified.

.9 Thermal cycling tests (see 5.12)

The purpose of thermal cycling is to approximate well conditions and accelerate potential leakage by applying
thermal cycling while the connection is subject to other stresses, for example axial, pressure or bending
stresses.
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.10 Test specimen preparation (see Clause 6)

Control and definition of test specimens is critical since this testing method is based on extreme
tolerance/worst-case connection configuration evaluation and not random sampling of a population. Extreme
tolerance evaluation addresses performance parameters of dimensions, mechanical properties, make-up
torque and the type and amount of thread compound. Product tolerances are based on performance,
manufacturing capabilities and cost of manufacture. It is significant to recognize that this test procedure does
not provide the statistical basis for risk analysis on its own.

.11 Test procedures (see 5.3 and Clause 7)

The procedures subject the worst-case connection configurations to service and limit loads of the pipe body or
connection (whichever is less).
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Annex J
(normative)

Independent seal testing of connections with metal-to-metal

J.1 General considerations

and resilient seals

In this International Standard, connections with multiple seals are tested with all seals active without any ports
or bleed holes to isolate the individual seals. However, for understanding of connection seal redundancy,
evaluation of seal independence, the affect of the resilient seal on the metal-to-metal seal, etc., some users
may wish to test seals individually. This Annex J is designed for this purpose.

All other requirements in this International Standard apply except as specifically redefined herein.

J.2 Seal ring groove and seal ring machining tolerances

J.2.1 Low volumetric fill shall be obtained by using the following concepts and tolerances

Seal ring groove (SRG)

Maximum SRG diameter
Maximum SRG width
Location — furthest from box face
Seal ring
Minimum D,
Minimum width

Minimum thickness

Tolerance

Maximum + (no limit) / — 0,025 mm (- 0.001 in)

Maximum + (no limit) / — 0,025 mm (- 0.001 in)

Maximum length from box face + (no limit) / — 0,125 mm (- 0.005 in)
Tolerance

Minimum + 0,025 mm (+ 0.001 in) / — (no limit)

Minimum + 0,025 mm (+ 0.001 in) / — (no limit)

Minimum + 0,025 mm (+ 0.001 in) / — (no limit)

J.2.2 High volumetric fill shall be obtained by using the following concepts and tolerances

Seal ring groove (SRG)

Minimum SRG diameter

Minimum SRG width

Location — closest to box face
Seal ring

Maximum D,

Maximum width

Maximum thickness

Tolerance

Minimum + 0,025 mm (+ 0.001 in) / — (no limit)

Minimum + 0,025 mm (+ 0.001 in) / — (no limit)

Minimum length from box face + 0,125 mm (+ 0.005 in) / — (no limit)
Tolerance

Maximum + (no limit) / — 0,025 mm (- 0.001 in)

Maximum + (no limit) / — 0,025 mm (- 0.001 in)

Maximum + (no limit) / — 0,025 mm (- 0.001 in)
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J.3  Multiple seal porting procedure (see Figure J.1)

J.3.1 Front port
In connections having two separate seals, a front port shall be drilled into end A and end B of each specimen
prior to final make-up. The test facility shall perform necessary quality checks to ensure that ports are properly

located, that there are no obstructions in the port (broken drill bits, chips, etc.) and that the ports have been
completely and thoroughly deburred to prevent any galling.

J.3.2 Thread compound trapped pressure

Ports, as shown in 6 of Figure J.1, shall be used to monitor and/or measure trapped thread compound
pressure during final make-up. If the connection traps exceed 3,5 MPa (500 psi) stabilized trapped thread
compound pressure during make-up, then reapply the pressure before starting the bake-out process. Record
the thread compound pressure during bake-out and subsequent cooling. If the connection pressure at the end

of the bake-out/cooling process exceeds 3,5 MPa (500 psi), then the observed pressure shall be recorded and
reapplied at the beginning and at the end of all subsequent test procedures for that specimen.

J.4 Make-up and break-out tests
Make-up and break-out tests shall be the same as those specified in 7.2.
Each make-up shall use a new seal ring. During make-up and break-out testing, the seal ring shall have

dimensions consistent with maximum volumetric fill. Make-up prior to testing shall be the seal ring size
specified in J.5.1.

J.5 Test matrix

J.5.1 Test matrix (see Figure J.2)
The test matrix is shown in Figure J.2.

NOTE Figure J.2 is exactly the same as Figure 1, except that the seal ring fill is included and the metal seals are
shown to be tested before the resilient seals.

J.5.2 Test requirements
The test requirements include the following.

a) The metal-to-metal seal and the resilient seal shall be tested independently for internal pressure tests and
as a system for external pressure tests, as specified in this International Standard.

b) If at any time the seal ring leaks, tests should be performed to obtain a pressure rating on the resilient
seal. This rating may be different from the metal-to-metal seal rating.

c) An alternative test sequence is shown in Figure J.3. It is also acceptable to perform the series C tests
after all the series A and B tests have been completed.

J.5.3 Performing Test Series A tests

J.5.3.1 Sixty-minute holds

A 60-min hold in each of the four quadrants of VME is required during the first and last pressure test in each
quadrant. These hold points would typically be Load Points 2, 6, 11 and 13 as shown on Figures 13 and 14.
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As the metal-to-metal seal and the seal ring are tested independently, in quadrants | and Il these 60-min hold
points apply to both the metal seal and seal ring testing.

J.5.3.2 External pressure

With the external pressure chamber on the specimen, perform Test Series A tests in Quadrants Il and IV of
VME with ports plugged (see 6 in Figure J.1). External pressure tests are performed with water.

J.5.4 Performing Test Series B tests

A 60-min hold is required in quadrants | and Il during the first CCW test and during the last CCW test. These
hold points would typically be Load Points 2 and 6 (2B and 6B if bending is included) as shown on Figures 15,
16 and 17. As the metal-to-metal seal and the seal ring are tested independently, these 60-min hold points
apply to both the metal seal and seal ring testing.

J.5.5 Performing Test Series C tests

The philosophy is to perform a 60-min hold at key hold points during Series C (thermal cycle) testing.
Typically, this is the last hold point at pressure and temperature in the “hot” cycles and the first and last hold
points at pressure and ambient temperature in the “cold” cycles.

5 L
Key
1 flexible boot
2 hose clamps
3 tube
4 sealant
5 small gap for good leak detection sensitivity
6 ports for testing innermost seal, located in box thread relief groove or box run-out threads

Drill, tap and deburr holes before final make-up.

Install threaded fittings into holes using thread sealer such as polytetrafluoroethylene, if appropriate. For
example, using thread sealer with autoclave fittings is not applicable.

Figure J.1 — Ported box leak trap device for internal pressure leak detection showing modifications
for resilient seal
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MU (A) MU (A) MU (A) MU (A) MU (A)
7.2.2 722 7.2.2 7.2.2 7.2.2
H/H H/H H/L H/H H/L
RRG (B) RRG (B) RRG (B)
7.24 724 724
L/H® L/H L/H
MBG (B) MBG (B) MBG (B) MBG (B)
7.2.3 7.2.3 7.2.3 7.2.3
L/H® L/H L/H L/H
FMU (B) FMU (B) FMU (B) FMU (B) FMU (B) FMU (B) FMU (B) FMU (B)
7.2.5 725 7.25 7.25 7.25 725 7.2.5 725
H/L H/H H/H H/H H/L H/H H/L H/L
Bake Bake Bake Bake Bake Bake Bake Bake
732 7.32 7.3.2 7.3.2 7.3.2 7.3.2 7.3.2 732
TICp;ilpo TICpilpo TICpilpo TICp;i/po
7.3.3° 7.3.3° 7.3.3 7.3.3
TICp;w B c TICp;w B c TICp;w B TICp;w B
734 CALI 734 CALII 734 734
Thermal Thermal Thermal Thermal
cycle cycle cycle cycle
7.3.5 7.3.5¢ 7.3.5¢ 7.35
Failure test Failure test Failure test Failure test Failure test Failure test Failure test Failure test
pn+t Tto FI|C +poto F TtoF po+CtoF|| T+pitoF || pi+CtoF poto F py+ TtoF
7.5.1 7.5.2 7.5.3 7.5.4 7.5.5 7.5.6 7.5.7 7.5.8
P1 P2 P3 P4 P5 P6 P7 P8
Failure test Failure test Failure test Failure test
pp+tTtoF|| pj+CtoF TtoF T+pito F
7.5.1 7.5.6 7.5.3 7.5.5
P1 P6 P3 P5
Failure test Failure test Failure test
pntTtoF|| pj+ Cto F Tto F
7.5.1 7.5.6 7.5.3
P1 P6 P3

Figure J.2 — Connection acceptance levels with resilient seal ring




The abbreviations shown refer to the following test method titles:

MU: 7.2.2 Make-up

MBG: 7.2.3 Make-up/break-out test for galling resistance

RRG: 7.2.4 Round-robin make-up/break-out for galling resistance
FMU: 7.2.5 Final make-up

Bake: 7.3.2

TIC p;/py: Tension, compression internal pressure and external pressure
TIC p;IwB: Tension, compression internal pressure and bending

pip * Tto F: 7.5.1 High internal pressure with tension increasing to failure.

C+pytoF: 7.5.2 Compression with external pressure increasing to failure.

Tto F: 7.5.3 Tension increasing to failure.

po,+t CtoF: 7.5.4 External pressure with compression increasing to failure.
T+p;to F: 7.5.5 Tension with internal pressure increasing to failure.

p;+ Cto F: 7.5.6 Internal pressure with compression increasing to failure.
poto I 7.5.7 External pressure increasing to failure.

py tTto F: 7.5.8 Low internal pressure with tension increasing to failure.

Thread-seal interference abbreviations:
H-L: Thread high — seal low

L-L: Thread low — seal low

H-H: Thread high — seal high

L-H: Thread low — seal high

Thread taper abbreviations:

PSBF: Pin slow taper box fast taper

PFBS: Pin fast taper box slow taper

NOM-NOM: Pin nominal taper box nominal taper

Thread compound/torque abbreviations:
H/L: High amount of compound/low torque
H/H: High amount of compound/high torque
L/H: Low amount of compound/low torque

@  For CAL I, do not use Specimens 7 and 8.

EN ISO 13679:2006

b Applicable to CAL I, CAL Il and CAL IV, only. For CAL | make/break conditions refer to Tables 5 and 6.

¢ CAL Il specimens receive only Series B and Series C testing (See Table 1).
d  CAL | does not require Series C testing (See Table 1).

€  For CAL |, RRG on specimens 2 and 3 is not required. Specimen 2 receives MU only. Specimen 3 receives MBG.

Figure J.2 (continued)
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Paths 6 and 7 apply to Series C (thermal cycles) and are not shown.

Specimens 2 and 4 Specimens 1 and 3 Specimens 5 and 7
Series Aand C Series B and C Series A
Seal Path Series Seal Path Series Seal Path | Series
MTM 1,2 MTM 1,2,5 B MTM 1,2
System 3,4 A MTM 6 c System 3,4
MTM 5 RS 7 MTM 5 A
MTM 6 RS 8,11,12 B RS 8
RS 7 ¢ System 9,10
RS 8 Specimens 6 and 8 RS 11,12
System 9,10 A Series B
RS 11,12 Seal Path Series
MTM 1,2,5
RS 8,11,12 ®

Figure J.3 — Alternative testing sequence for a connection with metal-to-metal (MTM) and
resilient seal (RS) features
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