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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
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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 yalidation of connection test load envelope and failure limit loads is relevant to design gf tubing and
casing for the oil and natural gas industries. Tubing and casing are subject to loads whijch inglude internal
presgqure, external pressure, axial tension, axial compression, bending, torsion, stransversg forces and
tempgrature changes. The magnitude and combination of these loads result in~yvarious pige body and
conngction failure modes. Although pipe body test and limit loads are well understood in general, the same
cannpt be stated for the connection. These failure modes and loads are generally different and often less than
that gf the pipe. Consequently experimental validation is required. Well desigh.matches the test ahd limit loads
of bofh the connection and pipe to the well conditions to provide load capacities with suitable reli

The yalidation of test and limit loads requires testing at the extremes of performance parameters to these
defingd loads. Testing at the extremes of the performance paramgters 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, méchanical properties, surface treatment, make-up
torque and the type and amount of thread compoundZFor typical proprietary connectiond, worst-case
tolergnces are known and defined in this InternationalkStandard. For other connections desigh analysis is
requifed to define worst-case tolerance combinations.

Users of this International Standard should be aware that further or differing requirements might e needed for
individual applications. This International Standard is not intended to inhibit a vendor from ¢ffering, 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 plternative is
offered, the vendor should identify any variations from this International Standard and provide dethils.

This [International Standard consists of the following major parts. Based on manufacturer's-qupplied 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 rgport whereas Annex E lists the information that is to be provided in a summary test report. Tlhis summary
test report lists the minimum information necessary to fully specify the connection tested and its preparation is
intenfled for broader“distribution. Annex F gives an example of a load frame calibration. Agnex G gives
considerations__for® possible connection product line qualification. Annex H provides gulidelines for
supplementaktests, which may be required for special applications. Annex | gives the design ratipnale for this
Interpational Standard. Annex J gives requirements for connections that contain both a metal-fo-metal seal
and g 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.
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Petroleum and natural gas industries — Procedures for testing
casing and tubing connections
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International Standard establishes minimum design verification testing procedufes~and
a for casing and tubing connections for the oil and natural gas industries. These physical tes
sign verification process and provide objective evidence that the connection conf
facturer's claimed test load envelope and limit loads.

bgorizes test severity into four test classes.

cribes a system of identification codes for connections.

nternational Standard does not provide the statistical basis forrisk analysis.
nternational Standard addresses only three of the five distinct types of primary loads to whig
j strings are subjected in wells: fluid pressure (internal and/or external), axial force
ression), bending (buckling and/or wellbore deviation), as well as make-up torsion. It does
bn torsion and non-axisymetric (area, line or point.contact) loads.
International Standard specifies tests to_be performed to determine the galling tends

rmance and structural integrity of casing*and tubing connections. The words casing and tu
brvice application and not to the diameter-of the pipe.

Normative references

following referenced documents are indispensable for the application of this documen
bnces, only the edition) cited applies. For undated references, the latest edition of th
ment (including any~amendments) applies.

183-1, Petroleum and natural gas industries — Steel pipe for pipelines — Techn
tions — Part1: Pipes of requirement class A

183-2, \Petroleum and natural gas industries — Steel pipe for pipelines — Techn
tions ~— Part 2: Pipes of requirements class B

acceptance
ts are part of
brms  to the

h casing and
(tension or
not address

ncy, sealing
bing apply to

t. For dated
b referenced

ical delivery

ical delivery

ISO

183-3, 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
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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 tenjperature
actual room [temperature in the test lab with no residual heat remaining in test specimens from previous
thermal testg

3.1.2
axial-pressyre load diagram
plot of pressiire versus axial load showing pipe and/or connection test load_envelope or limit load extremegs

313
connection
assembly copsisting 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 surfacésfollowed by tearing of the metal during further sliding/rotation

NOTE 1 leling results from the sliding‘ef metallic surfaces that are under high bearing forces. Galling can generIIIy be
attributed to ipsufficient lubrication between the mating surfaces. The purpose of the lubricating medium is to migimize
metal-to-meta| contact and allow effiCient sliding of the surfaces. Other ways to prevent galling are to reduce the bgaring
forces or reduge the sliding distance.

NOTE 2  THere are severaldegrees of galling used for repair and reporting purposes as defined in 3.1.5.1 to 3.1.5/3.
3.1.51

light galling
galling that clan 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

2 © ISO 2002 — All rights reserved
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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 pr sealing system that relies on intimate and usually high contact stress of mating metal surfaces to
achigve a seal

NOTE The thread compound can affect, both beneficially and detrimentally, the performanc¢e-of a metal seal.

3.1.1p
mother joint
length of pipe or coupling stock from which short lengths are cut for machiningyconnection test spgcimens

3111
multiple seals
sealing system, which consists of more than one independent barrief, and of which each barrier|forms a seal
itself

3.1.1p
pipe |string
pipe pody and the connection

3.1.1B
pup joint
short|pipe length usually with threaded ends

3.1.1£
resilient seal

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

3.1.1p
seal
barrigr to prevent the-passage of fluids

3141
seal pvality
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.

© ISO 2002 — All rights reserved 3
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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 ona glven machlne durlng a contlnuous production cycle that is not interrupted by

a catastrophi
holder chang
gauges

3.1.21

thread seal
seal or sealin
compound wj|

g system, which relies on intimate fitting of the thread-form and usually entrapment of the t
thin the thread-form to achieve a seal

3.2 Symbpls and abbreviated terms

3.21 Symbols

4 Area galculated based on the pipe inside diameter
A, Area ¢alculated based on the pipe outside diameter
Ay Crosstsection area of pipe body

C Compressive axial force

D Specified pipe outside diameter

e (except rough boring bar) or any other maIfunctlon of either threadlng equipment or inspg

, tool

read

D; Inside|diameter

D,  Outside diameter

Digqg Effective dogleg severity-expressed in degrees per thirty metres
E, Error in load framg calibration

Ep Error in load(frame calibration expressed in percent

F Failure

F,  Axial force, tension or compression

Fy Bending equivalent axial force

conne

ction

Fs Actual load frame axial force, tension or compression

Indicated load frame axial force, tension or compression

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

© ISO 2002 — All rights reserved
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Fi Published joint strength of the connection when the joint strength is the tensile parting or failure load of
the connection

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

I Moment of inertia

K.  Compression efficiency factor of the connection

K, Internal pressure efficiency factor of the connection

Ko External pressure efficiency factor of the connection

K, Tension efficiency factor of the connection

Geometric variable

Lp Length of pin A end from coupling face (or connection) to end cap orgrip length
Lg Length of pin B end from coupling face (or connection) to end.¢dp or grip length
Length of coupling or connection if integral

Minimum unsupported pup joint length

M Bending moment

M, | Super bending moment
De ISO 10400 collapse rating for specified wall thickness and actual specimen yield strength
Di Internal pressure

Pip | Internal pressure with-bending
Din High internal préssure

Pin | Normalized-internal test pressure

Di Lowgiaternal pressure
. IS0 10400:1002 CSactinn 2 intarnal vinld nracorirn far tha nina hady,
Piyp SO H400 995 ecHoRSHRterRaHete-pressuretorthepipe-boeea

Po External pressure

Pop  External pressure with bending

Pon  Normalized external test pressure

Pic Thermal cycle pressure at elevated temperature

Py Maximum pressure for an internal fibre stress S,

© ISO 2002 — All rights reserved 5
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9ac

9o

ds

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, qr box
membyer for an integral connection)

95 % §, for Series A and B tests, and 80 %, 90 % and 95 % for Series C tests (see 5.124)

Specified pipe wall thickness

Actual minimum wall thickness

Tensipn axial force

Leak detection system efficiency

Stresq

Axial $tress without bending

Axial stress with bending

Axial $tress with super critical bending

Axial $tress due to bending

Axial $tress due to super criticakbending

Axial compressive yieldsstréngth if available or otherwise axial tensile yield strength
Hoop [tangential)ssiress

Hoop [tangential) stress at outside diameter

Radia (nnrmal) 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

CCSs Critical cross-section
CCW  Counter-clockwise direction

Cw Clockwise direction

CEPI—=¢€appedend-pressuretoad-(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 testpath 5
LP6 Limit load-test path 6
LP7 LimitToad 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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Make-up

Oil country tubular goods
Polytetrafluoroethylene

Revolutions per minute

Round-robin galling test specimen condition

Resilient seal

MU

OCTG

PTFE

r/min

RRG

RS

SRG

Std Sta
TC The
TLE Tes
TSC Thr
T&C Thr
VME Von
4 Gener
41 Conn

The manufaq
connection 3
internal pres
connection ¢
representatiy
envelope in
calculation
Performance

Annex B has|
using a cof
connection.

The manufa

SeJI ring groove

ndard

rmal cycle

t load envelope

pbad sealing connection
baded and coupled

Mises equivalent stress

Al requirements

bction geometry, test load envelope @nd performance data sheet

turer shall provide connection geometry and a performance data sheet for the product stati
pplication level and its geometry ‘and performance properties in terms of tension, compre;

eometry and performance~data sheet. The manufacturer shall provide a drawing, wh
e of the cross-sectional area’ of the connection. The manufacturer shall also provide a tes
graphical form (VME plot)"and should quantify limit loads. The manufacturer's own meth
hould be used to derive the connection test load envelope and to calculate the test |
data or the method described in Annex B may be used.

been providéd-as a means by which a manufacturer or user may estimate the test load env

turer should define as completely as possible the limit loads for each connection. A usel

hg its
sion,

sure, external pressure, bending, -and torque compared to the pipe body. See Table A.1 for the

ch is
load
pd of
bads.

blope

nection performance model based on capacities of specific critical cross-sections in the

may

also make an

mndenandent estimata-of the limit loades | imit loads shall ha areatar than thae tast load-envelo
HaepeRaeht-8sStHate-otHe-HHEa6S—=H10a6S-SHaB8-greateHahite-t8st0aa-8hVve:o

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

4.2

deviations shall be clearly identified in the documentation.

Quality control

All q
cons
shall
same
supp
exam
plan
sub-t
proce
used

5.1.1

Conn
conn
the ¢
the s

Four
mech
in se

The
fluid,
of thi

Lality control procedures for the manufacturing of test specimens shall be documented
stent with procedures used for connections manufactured for well service. The conneetion
ensure that the connections manufactured for the purpose of these design verification tes
design and manufactured to the same dimensions and extremes of tolerances’(see Claus

ple, ISO/IEC Guide 22).The manufacturer shall provide the process controlplan. This pr
shall include procedure number or drawing number as well as associated.revision levels for
er documents (manufacturing, gauge calibration, gauging procedure,—surface treatment,
dures and any others determined necessary to provide a consistent product for well ser
during manufacturing of all test specimens (see A .4).

General test requirements
Test classes

Principle

bction to the specified connection application level. Failure of some or all tests may result in
bnnection design or a revision of the test or limit loads. In the first case, the testing shall be

test classes, known as donnection application levels, are defined. These relate to increasi
anical service conditions in the application of casing and tubing connections. The test clas
erity by increasing.the number of test parameters and test specimens.

classes of testsndo not include all possible service scenarios. For example, the presence ¢
which may influence the service performance of a connection is not considered and is beyo|
5 International Standard.

The
need

ser of this International Standard shall specify the connection application level required ba
for the particular service intended. Users of the connection should be familiar with

ied for well service. The connection manufacturer shall issue a declaratien’ of conforI]

and shall be
manufacturer
ts are of the
b 6) as those
ity (see for
cess control
pll applicable
etc.). These
vice shall be

ection performance data are generated:-by testing. Passing the tests demonstrates conforinance of the

a revision of
repeated. In

bcond case, the tests that failed\shall be repeated unless they conform to the revised load efvelope.

hgly arduous
ses increase

f a corrosive
hd the scope

sed upon the
the defined

connection application levels, the test load envelope and the limit loads.

The connection appl

(abbreviated CAL) are defined as follows.

a)

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

cation levels

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 Ill test
procedures expose the connection to cyclical test loads including internal pressure, external pressure,
tension and compression. Bending is an optional load for CAL lll testing. The CAL Ill 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.

CAL Il ig+ cded - v
with limited exposure to significant external pressure. CAL Il test procedures exposg

service
connect
optional
thermal
are cond
d) Connect
CAL I is
including
CAL | te
Limit log

5.1.2 Previous tests

Connection fest data obtained from tests performed prior to the establishment of this International Sta

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

on to cyclical test loads including internal pressure, tension and compression. Bending
load for CAL Il testing and external pressure is not included. The CAL Il test procedurg
and thermal/pressure-tension cycling are the same as CAL Ill. Limit load tests for\CAL 1l to f
ucted with internal pressure and axial load.

on application level | (3 specimens): least severe application

intended for liquid service. CAL | test procedures expose the connection to cyclical test |

internal pressure, tension and compression, using a liquid test'fluid. Bending is option
5ting and external pressure is not included. CAL | testing is conducted at ambient tempera
d tests are conducted in two quadrants of the axial-pressurefload diagram.

the
is an
s for
Bilure

bads,
b for
ures.

hdard

may also be used as part of a design verification process ori@application test sequence, provided that partjes to
agreements pased on this International Standard can agree such tests were substantially conducted fo the
technical anfl documentation requirements of this International Standard and that they give compdgrable
results.

5.1.3 Abbrpviated 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 planped deviations are’clearly documented in advance,

b) there is glear agreefment between the parties involved, and

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

A discussion|of-product line gualification and use of interpolation and extrapolation considerations is proyided

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
1\/ at ambient 5 mechanical at elevated temperature
temperature b
temperature . .
50 thermal with pressure/tension? 180 3C
(356°F) Gas
5 mechanical at ambient temperature
Tlotal
nunpber of Specimens Specimens Specimens
spegimens 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 ; .
| at ambient 5 mechanical at elevated temperature
temperature
temperature . .
5 thermal with pressure/tension 135 °C
, , (275 °F) Gas
5 mechanical at"ambient temperature
Tlotal
nunpber of . Specimens Specimens
spegimens Specimens 2,4,5 1,3,6 1,2,3,4
= 6
5 mechanical at ambient temperature
Bending Gptional 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 ( )
Tlotal
nunpber of Specimens Specimens
spegimens 1,2,3,4 1,2,3,4
= 4
Bending optional
at ambient
CAL | does not temperature c , CAL | does
require external AL | does nqt require not require Liquid
Tokat nressure test thermal CyClIng test hake
numberor " Specimens 1,2,3
specimens
=3

a

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

© ISO 2002 — All rights reserved
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Speclmen

preparation
Thread-seal
interference

- Thread taper

Make and
break
properties

compound/
torque shown
in each block”

Bake
- CAL 1L L, IV

Series C¢

‘Structural tests
CAL
IV and i

Path No.

Path No.

12

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)
L/H® L/H® L/H L/H
MBG (B) MBG (B) MBG (B) MB(G (B)
7.2.3 7.2.3 7.2.3 712.3
L/H® L/H L/H /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 7.25 712.5
H/L H/H H/H H/H H/L H/H H/L HI/L
Bake Bake Bake Bake Bake Bake Bake Bpke
7.3.2 7.3.2 7.3.2 7.3.2 7.3.2 7.3.2 7.3.2 713.2
TICpilpo TICpilpo TIC pilpo TICpilpo
7.3.3° 7.3.3° 73.3 7.3.3
TICpiw B c T/ICpiw B & TICpiw B TiClp;w B
7.34 CAL I 7.34 CALH 7.34 713.4
Thermal Thermal Thermal Thermal
cycle cycle cycle cycle
7.3.5¢ 7.3.5¢ 7.3.5¢ 7.3.5
Failure test Failure test Eallure 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+|Tto F
7.5.1 7.5.2 7.5.3 7.54 7.5.5 7.5.6 7.5.7 715.8
P1 R2 P3 P4 P5 P6 P7 P8
Failure test Eailtre test Failure test Failure test
pn+t Tto Flfpj# Cto F 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
pntFtoFl| pj+ Cto F TtoF
7.5.1 7.5.6 7.5.3
P1 P6 P3

Figure 1 — Connection application level test programme
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The a
(A):
(B):
MU:
MBG:
RRG:
FMU:
Bake:

bbreviations shown refer to the following test method titles:
Connection A end
Connection B end
7.2.2 Make-up
7.2.3 Make-up/break-out test for galling resistance
7.2.4 Round-robin make-up/break-out for galling resistance
7.2.5 Final make-up
7.3.2

TIC p;lp,-  Tension, compression internal pressure and external pressure

T/C p./wB:_Tension, compression internal pressure and bending

ISO 13679:2002(E)

Din *
C+p

Tto K

Po*
T+pi
pi t(
p, to
Pip +

Threq
H-L:

I to F:7.5.1 High internal pressure with tension increasing to failure
to F: 7.5.2 Compression with external pressure increasing to failure

7.5.3 Tension increasing to failure.
[ to F: 7.5.4 External pressure with compression increasing to failure

to F: 7.5.5 Tension with internal pressure increasing to failure
to F: 7.5.6 Internal pressure with compression increasing to failure
- 7.5.7 External pressure increasing to failure

to F: 7.5.8 Low internal pressure with tension increasing to failure

d-seal interference abbreviations:
hread high — seal low

L-L: Tlhread low — seal low

H-H:
L-H: T

Threg
PSBH
PFBS
NOM

Threg
H/L: H
H/H:
L/H: L

a

b

hread high — seal high
hread low — seal high

d taper abbreviations:

: Pin slow taper box fast taper

: Pin fast taper box slow taper

NOM: Pin nominal taper box nominal taper

d compound/torque abbreviations:
igh amount of compound/low torque
High amount of compound/high torque

ow amount of compound/low torque

pr CAL Ill, de 'not use Specimens 7 and 8.

F
A
¢ g
g

ALV does not require Series C testing (see Table 1).

pplicable-for CAL Il, CAL Il and CAL IV, only. For CAL | make/break conditions refer to Tables 5 and 6.
AL fhspecimens receive only Series B and 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.

©180

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 AsseLsment of test results

5.3.2.1 Geéneral

Assess the rgsults of the physical test programme, in accordance with Clause 8, following.the procedure given
in5.3.2.21t0 $.3.2.4.

5.3.2.2 Test results that conform to the stated connection application leyel
By successfllly conforming to the requirements for all the make/break tests,)the test load envelope tests and
the limit loaq 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 gtated
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 Taest results that do not conform to the stated connection application level

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

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

b) a revisign of the test load envelope followed by re-test of all test specimen(s) which did not megt the
requirenpents of the revised\test load envelope for that specimen.

For a premafure limit loaddgest failure
— adesigr 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.
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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

5.4.1

Thel

Calibration and accreditation requirements

Accreditation

boratory conducting these tests shall be either

a)
b)

5.4.2

Before testing begins, ensure that all load frames to be used for the tests have a valid calibratior

base
such
forc
load

Equipment calibration during a test programme may be appropriate based on the required test lo|

equig
5.4.3

Each|
comg

The

calib
load
calib
evall

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

dccredited by a recognized national or international accreditation body, or

dt a minimum, comply in full with 5.4.2 to 5.4.5.

Trame, temperature, pressure and torque measuring devices shall’be included in the detailed te

}ation load to the maximum calibration load

Equipment calibration

1 on the connection manufacturer's or test laboratory's experience, measuring and recording
as pressure gauges and thermocouples, shall be calibrated periodically. The test laboratq
libration and all of the calibrations shall be documented. Copi€s, of current calibration test r

ment usage.

Annual load frame calibration

load frame used in an axial load or»combined load test shall be calibrated in both
ression modes at least annually with device(s) (i.e. load cells) traceable to national standard

alibration should consist of two passes of a minimum of 10 equal increments ranging from
(defined as the “loading range”). The calibration
rame shall cover the rangé of loads that will be applied in the test programme. The ma
ation load shall be greater than the maximum anticipated failure load of the connectig
ated.

. In addition,
instruments,
ry standards
pports for the
st report.

Ads and past

tension and
s bodies.

the minimum
range of the
Kimum frame
n/pipe being

. = F, — F;
o 10020
Fy
where
F; is the indicated load;

Fy

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).

© IS0
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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 tdg
abbreviated
testing. Test
especially if
interference
validate the ¢

5.6 Mater

Test the pip¢ material mechanically to determine the yield strength for:calculation of the connection té

loads and ac

The mechan
with the spsd
corrosion-req
ISO 3183-1,
NOTE 1 Fd
Tensile test
tensile test s
coupling stog
the mother tu

An alternativ

sts are recommended. The purpose of a rehearsal test is to give the opportunity to,
ormat, softly validate the connection design and testing procedures prior to beginning the d

material availability is a concern. For rehearsal testing, the specimen(s) with low meta

shall be tested for pressure sealing. Specimens with high metal seal interference shall be us
alling sensitivity of the connection.

al property tests

Ceptance criteria.

ical properties of the material shall be characterized by a documented procedure cons
cification for the material. Typically this is, IS© 11960 for low alloy steel or ISO 1368
istant alloys. For connections machined on-line pipe the procedure shall be in accordancd
SO 3183-2, or ISO 3183-3 or API Spec 51

r the purposes of this provision, ISO 11960-is equivalent to APl Spec 5CT.

specimens shall be cut from both ends of all lengths of pipe and coupling stock. In adq

k longer than 3 m (9.8 ft)c Tensile test specimens and the results of the tests shall be tracea
bes and the location within the tube.

b layout for pipe pups and tensile test specimens is given in Figure C.1. This layout provide

n an
fficial

specimens for the official test should be threaded after the rehearsal tests_are complet¢ and

seal
ed to

sting

stent
0 for
with

ition,

pecimens shall be cut from-the middle of all lengths of pipe and from the middle of lengths of

ble to

s the

material strepgth directly adjacént to the threaded connection. If specimens are cut as specified in Figurg C.1,
the manufacturer shall modify the material property data sheet, as shown in Form C.1, to show the correct
coupon locafion and shall include a sketch similar to Figure C.1 showing the actual location of the spe¢imen
pups and material coupons. If this alternate method is used, an elevated tensile test coupon should be faken
at each location where mechanical properties are measured. The measured yield strengths adjacent fo the
thread to be used+during the connection evaluation on each pup shall be the values used to calculate thg 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 Ill 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).

16 © 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=ea9ddd9fd31301d829929821e6915b91

ISO 13679:2002(E)

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 nsistent with

norm

-up and break-out procedures and the thread compound used during testing should be cg
al industry practice used in the field.

5.7.2| Make-up thread compound

The

shall
thred
shall
mass
is to

5.7.3

The make-up torques specified in Clause Z.are either the maximum or minimum torque recomm

many
spec
outsi
spec
90 %

5.7.4

Make
data

For 4
appli

connection manufacturer shall specify the type and amount) with tolerances, of thread co

mpound that

be applied to the connection, as well as the areas to which.the thread compound shall be applied. These

d compound criteria shall be the same as those used for field applications. The same thred
be used for all test specimens. Preferably, the maximom and minimum quantities should bg
. In addition, the manufacturer shall provide photographs and descriptions of how the threa
pe applied. This includes photographs of connections with minimum and maximum thread cg

Make-up torques

facturer. For a high specified torque, 95 % of the maximum or a greater torque is acceptal
fied torque, 105 % of the minimum or a lower torque is acceptable. If the actual make-u

d compound
specified as
d compound
mpound.

ended by the
le. For a low
p torque lies

je the required values, thelconnection shall be broken out and re-torqued. The manufacturer shall

fy the rotational frequency- (r/min) range for make-up. All connections should be made up at
of the maximum recommended rotational frequency (r/min).

Make-up procedure

up each connection in the following manner. Record the results in the specimen make
sheet, FormC.2.

ach¢make-up, clean and dry the connection completely, then weigh and record the amour
pd_to"each connection member (pin and coupling or box). Monitor and record make-up a

no less than

up/break-out

t of lubricant
nd break-out

torqu

5 n Lok bl ) o Lods L H_l bl o dq /4 OO LL £ 5 -l
SO torquUe=versus=turm Piots et resoitron-snal oe—at reast 17 r guUth o a tarn._rorque-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 df the damage, shall be part of the final report. Photographs shall be made of the galled sutface,
repaired surfface, repaired surface after the next break-out and the repaired surface after the final bregk-out
and shall be jncluded in the final report.

5.7.7 Conn

Inspect the
torque-versu
document an

ection test specimen inspection

connection test specimens carefully following each break-out. Evaluate-and document o
5-turn plots any correlation with observed connection galling. On the-terque-versus-turn
y observations or variances that contributed to other make-up concerns-(coupling or pin spi

h the
plots,
hning

in tong dies| computer glitch/electrical spike which results in no torque-versys=plot printout, etc.). Record
dimensional |[nspection results on the specimen geometry data sheet, Form C.3.

5.8 Internal pressure leak detection

5.8.1 Prindiple

Leak detecti
methods of |
connections
measuring a

5.8.2 Pressurization media

For CALII, I
dry nitrogen.
all tests with
nitrogen as g

as the pressiiring medium unless otherwise specified and agreed in the test plans.

bn requirements are critical for those connections that need to be gas or liquid tight. Alte
bak detection are shown below for use on different types of connections. The casing and t
shall be subjected to internal pressure «@nd monitored with a system capable of trapping
| connection leakage.

, and IV, all tests with intefnal' pressure to verify the test load envelope shall be conducteq
At the option of any of the parties to the test, a 5 % helium tracer gas may be added. For (

rnate
Libing
and

with
CAL |,

internal pressure to verify the test load envelope shall be conducted with solids-free liquid ¢r dry

greed in the test plans. All limit load tests (i.e. planned failure tests) shall be conducted with

5.8.3 Test

For safety considerations, specimens subjected to gas pressure testing should include an inserted fille
The filler bay material should either not be porous or should bleed off the test medium quickly to
problems with interpreting the test results. The bar should be dimensioned to reduce the internal sped

afety

iquid

r bar.
avoid

imen

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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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 thd
esca

5.9.4

A ve
esca
hose
box 3

Asse
a) d
b) 4
c)

d) ¢

e) 3

imstall threaded fittings into holes using thread sealet;(such as PTFE;

pipe and the box OD. A tube IS placed between the boot and pipe OD, using the sealant t
hing gas exits by the boot as shown in Figure 3.

Ported box leak trap device

nt hole is drilled through the box over the pin run-out threads near the end)of the box
bing gas to exit the connection. The hole is tapped and fitted with a threaded' adapter to wh

s shown in Figure 4.

mble the ported box (Figure 4) in the following manner:
rill, tap and de-burr holes before make-up;

ssemble connection;

ean and seal the ends of the coupling with silicone sealant or equivalent;

llow sealant to cure.

b ensure that

ace to allow
ich a flexible

is attached. The face of the box shall be sealed to prevent any gas from-escaping out of tihe end of the

SN

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
© 1SO 2002 — Al rights reserved
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V_%"r =
i e N
\ V
L

5
Key
1 flexible bgot
2 hose clanmps
3 metal tubg 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

2

)

Key

1 tapped hde in run out threads with threaded fitting
2 sealant
3 flexible hgse

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

5.9.5 Pressure testof leak trapping devices

Each trappinpdevice 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

sepa
if the
contd
conn

Leak

the

comi
of the
the |
leakgge source shall be repaired and testing continued. Report all Jeaks and their source (prs

r b ¢ oy | devindor svwoanld ha e o dotarmina f & A~ s AR A
T o CT—wWwoottoCTo gt CTTaCommcCtOT

Al s ) e Hata /] ad durina analucic
alte \Jullllll] 3|uuuutuu \.I_Y A“AVERV i I N} Iu ulluly\Jl\J 3>
change is due to a change in barometric pressure. The separate “dummy” graduated'cy
in a gas bubble consistent with the size of the bubble in the inverted graduated-eyli

pctions being monitored.

indicators may be evaluated regarding their source if there is reason to believe)the leakag
onnection. A sensor calibrated to detect helium may be used to verify that-any bubbles
ng from the pressure medium and not from the thread compound de-gassing or from therm
connection or test equipment. Evaluation of the leakage source shall. be)based on conclusi

g

is leaking or
inder should
hders of the

e is not from
detected are
al expansion
e analysis of

akage gas. If leakage is generated from a source other than the‘connection (e.g. the end caps), the

ssure fitting,

valveg, connection, etc.). All leak indicators shall be reported and-the basis for discounting legkage clearly

expl

5.9.7

5.9.7

A lea

ined in the test report.
Internal pressure leak detection by bubble method
1

Principle

k 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 connéction and collecting the gas in a container for measuring the

volumpe. The main components of the systemtare:

a) & means of trapping the gas, such as the leak trap devices described above;

b) a tube or flexible hose that ¢onnects the leak trap device to a bubble collection tube;

c) & bubble collection tube that consists of a clear graduated cylinder with 0,1 cm3 or smaller sdale divisions.
The cylinder is filled with water and a flexible hose is placed inside the open end of the tylinder. The
¢ylinder and the-end of the hose are submerged in a container of water and then inverted (gee Figure 5).
A\ leak is visually detected if bubbles rise in the cylinder. The gas from the bubbles is measufed using the
gcale on the'\gylinder.

5.9.7(2 , System verification for bubble method

Verifya = 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).

4o

9ac =
Mds

where

dac is the actual leak rate to be reported,

abcarvad lagk rota:

(3)

o tha
qo TotriC oo SCTrvetTCohcTatc;

n1q4 is the leak detection system efficiency.

1
A

8 2
L /(\ S s,

flexible hose

water tank
graduated cylinders
heat resistant tube
leak trap devices

D b~ WON -

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

Figure 5 — Internal pressure leak detection by bubble method

22 © 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=ea9ddd9fd31301d829929821e6915b91

ISO 13679:2002(E)

—
N

Air volume out, cm?

—_
(<] (=)
X

N

0 2 IA 6 8 10 12 14
Air volume in, cm?®

Key
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becimen end B
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»n _n

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

5.9.7(3  Start of test
Befoltle starting a test load envelope test, pre-charge each leak detection system by injecting air into the
systgm near the box until a small amount of air collects in the bubble tube. Record this volume| as the initial
amoynt of gas to be subtracted fram any additional gas collected in the tube. This pre-charge volume shall be

suffigient to lower the water levelyto the scales on the graduated cylinder prior to the initiation of the test
sequences.

5.9.8| Internal pressureleak 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) T means 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 cm3/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.

L
C
1S :28 JE
1 P 2 BI } {
.
55 st X s X X 0 ED

1

internal pressure source
sampling yalve

data logge
mass spegtromeéterdetector
carrier ga$ regulators

Key

=

D b~ WN -

t t H Lala | L ol £ ' H 40 20 oY a) ol 4.0\
€Sl specimen(Snown Wit twocotpimgSanarour-ConMmectoNsS — 1o, 25, oo alnta=9)

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 © 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=ea9ddd9fd31301d829929821e6915b91

ISO 13679:2002(E)

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 ing and tubin nnections shall jected to external pr re_within tem capable of
detegting the external pressure leakage. External pressure leak detection is recognized as morg 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 pressuretesting, the specimens should
havelan internal filler bar as specified in 5.8.3 (see Figure 8).

11

Key

1 port for pressure transducer for internal gas test, leak
detection for external pressure test, shop air inlet to drain test connection
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 1 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)

internal filler bar, for safety

oo N O

port for gas pressure inlet, water fill for external

Figure 8 — Example set-up for Test Series A
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1
J

2
Key
1 valve to Igrge graduated cylinder
2 valve to small graduated cylinder
3 large graduated cylinder with open tog (approximately 100 cm3 to 200 cm3)
4 small graquated cylinder with 0,1 dm3 graduates with open top (approximately 25 cm?3)
5 waterlevql
6 coloured water
7 adjustablg cylinder suppoftto allow bottom of cylinder to be located at 100 cm3 to 200 cm3 water level at start of each

hold perio|
8 flexible hdse attached to top of chamber for internal gas tests and top port at one of end caps for external tests
9 flexible hgse t@ large cylinder
10 flexible hgdseto 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 10~3 cm3/s; however absolute demonstration may not be possible.

b) F

c) T

5.10.

For i
conn

For ¢
of th
Figun

Durin
both
reach
displ
be p
shou

a) A

q

J

b)

c) H

d) R

N
i

pump.

flequired pressure.

(within approximately 2 min).

ill the external chamber and flexible hose with water.

o validate suspected leaks, perform additional tests to confirm the rate and source:

5 Leak detection and measurement by water level

hternal gas tests, fill the flexible hose at the top of the chamber (see 42 in Figure 8) wi
pct it to the leak detection system shown as 8 in Figure 9.

xternal pressure tests, fill the inside of the specimen with water. Fill the flexible hose from t
e 9.

g external pressure testing, a chamber encloses thestest connection and some portion o
sides of the connection. During the external pressure. testing, it has been observed that imm
ing full pressure and axial load, there may:ibe significant (greater than 0,9 cm3/1
cement. This displacement usually exhibits a‘decreasing trend and is a “stabilization peri
rformed before starting the required ISO hold period. In view of this test behaviour, the foll
d be used for external pressure tests.

pply the full required external test pressure and close the pressure line valves from the

mall pressure increases may be necessary immediately after closing the valves in order to

egin recording the\frame loads, pressures and bubble tube readings shortly after closin

ecord the frame loads, pressures and bubble tube readings in 5-min increments.

ote the trend of the bubble tube displacements. A decreasing trend in displacement is

h water and

ne top of one

b end caps (see 1 in Figure 8) with water and connect it to the leak detection system shown as 8 in

the pipe on
ediately after
b min) water
pd” that shall
bwing criteria

pressurizing

maintain the

g the valves

normal and

hdiCatés no connection leakage. A steady trend greater than 0,9 cm3/15 min or an inc

hdicates a possible connection leak.

rleasing trend

1)

© IS0

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

for a 15-min hold:

four consecutive 5-min holds have been made;

consecutive rolling 15-min holds) do not exceed 0,9 cm3 positive displacement;

the 5-min hold period displacements do not show an increasing trend in displaceme

2002 — Al rights reserved

the sum of the first three 5-min holds and the sum of the last three 5-min holds (i.e. two

nt;
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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

ii)

consecutive rolling 60-min holds) do not exceed 0,9 cm3/15-min positive displacement;

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

will rise or fz
opened and
small cylindg
specimen led
to give a leal
water level.

The water l¢g
intervals stat

Ml IUd dlld thc Dllld“ Vd:VU (DCC 2 ;II riywc 3) ;D b:UDUd. Thc VthUI :UVU: ;IID;dU thU :algc vy
Il with the applied test loads. At the start of a hold period, the small valve (see 2 in Figurs
the position of the small graduated cylinder is adjusted up or down so that the water devel

r is near the bottom of the cylinder. The large valve (see 1 in Figure 9) is then closed
k occurs, the water level in the small cylinder will rise and can be observed and measured in
rate. A colouring agent should be added to the water inside the cylinders for.ease of viewin

bd 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 ade

records, it wi

I not be possible to provide the objective evidence of the qualification of a connection.

5.11.2 Prindiple

For Test Ser
recognized &

es A, the primary loading is pressure‘and axial force at ambient temperature. Bending load
s a secondary load accompanyingjaxial load and shall be minimized as much as possib

careful alignment of end caps and load frame.. For Series B CAL IV tests, test bending loads are delibe

added to the
tested in Ser|

axial loads. For Series B CAL lI, Il and | tests, added bending loads are optional. Speci
es B with applied bending-shall be instrumented to determine the bending load.

5.11.3 Procedure

5.11.3.1

Monitor and
applied to th

Géneral

record the) internal or external pressure, frame load, bending load and temperature thg
£ specimen. For all tests record the pressures, axial load and temperature continuously v

time. Data

ay“either be recorded continuously or digitally. For digital data acquisition systems, the

inder
9) is
n the
L If a
time
g the

vel in the small cylinder shall be recorded at the start and end of each hold period and at the

juate

s are
le by
rately
mens

t are
Brsus
data

acquisition rgte’should be appropriate for the expected load and pressure changes but shall not be less t

han 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.

28 © 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=ea9ddd9fd31301d829929821e6915b91

ISO 13679:2002(E)

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.

5.11.

3.3 Bending loads

When measuring bending using strain gauges, place the four biaxial strain gauge-résettes on a

the p
least
the ¢
instrd
strairn

Apply
tests
distri
bend
Thred
a) |

b)

ipe bodies (and preferably on both pipe bodies) at a single cross-section plane and at a ¢
3+/Dt from the connection and any end cap or gripping fixture. Equally(space the strain g3
ircumference at 90° spacing. The position/orientation of each gauge shall be docum
mentation may be used to monitor bending if its accuracy can be shown to be equivalent t
gauge rosettes.

and control bending at the connection to at least the minimum bending moment for delibg
as determined by measured strains from the pipe badyystrain gauges and according to
pution calculation below for three-point bending. Monitor the pipe body strain gauges,
ng stress, moment and dogleg and continuously record the dogleg.
e load methods for deliberate bending are recognized:

Four-point bending:

For a four-point bending fixture, locate both bending load cylinders at equal distances f

fleaction points and ensure they impose equal load.

Three-point bending:

ending results in_proportion to the ratio of the distance from the outer load point to the

ecorded in the

least one of
istance of at
uges around
bnted. Other
p four biaxial

rate bending
the moment
Calculate the

rom the end

For three-point bending) (centre load applied on the coupling), apply a correction to thé strain data

centre of the

oupling divided-byJthe distance from the outer point to the centre of the strain gauges. This correction

ives the bending/values at the coupling.
niform bending from rotating end fixtures:

orfotating 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).

© IS0
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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 [l and Il 7 7
2 1135 °C min. - _—
o
) [ ] [ ]
& |(75[F) 3 5
|_
CAL |V
180 °B | 4 | 9 |l |
(356 [F) I I I I
I I I I
| | I |
6
10 I I 52 °C max: I I 1
| 5 | (125 °F) | |
8 8
1
2 2
Time
Key
ambient t¢mperature
five presspire/tension.Cycles at ambient temperature
minimum B0-miinchold 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 OB ON =

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

Referf to 7.3.5 and Figure 10 for thermal cycle load steps. A minimum time of 5 min shall elapsl at or above

the mpaximum temperature and 5 min at or below the minimum temperature. The maximum.temy
be greater than or equal to 135 °C (275 °F) for CAL Il and CAL Ill and greater than or equal'to 18
for CAL IV. The minimum temperature for all application levels shall be less than or’equal to 52
Minimum time per cycle is 30 min. Cycles may be continuous or interruptednas required
shutqown or equipment repair. The five pressure/tension cycles performed at thé.beginning ang
Serigs C shall be performed at ambient temperature.

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

a) Tension is the lesser of 80 % pipe body yield (or coupling yjeld) or 80 % connection test Iq

ased on material yield at ambient temperature.

b) Internal pressure is the lesser of 95 % VME pipe body,yield (or coupling yield) or 95 % VM
st load envelope, with both loads based on thexabove 80 % tension and material yiel
mperature.

At elg¢vated temperature the maximum mechanicaloads 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 connec
g¢nvelope based on material yield at the specified elevated temperature.

Othe
provi
temp
docu

- methods to establish thé pressure and tension for ambient and elevated temperature tests
Hed the intent is consistent with having a high internal test pressure for both the ambient
erature tests and as-high an axial load as practical. The basis for using the alternate me
mented in the testreport.

Moni
affec
is ref
conn
varia

or the temperature during testing with thermocouples. Ensure that the temperature mead
ed by logalytemperature variations in the vicinity of the thermocouple and that the temperatd

bction) temperature measurements should be taken on the opposite side from where the

erature shall
D °C (356 °F)
°C (125 °F).
for overnight
end of Test

ad envelope

F connection
1 at ambient

fion test load

may be used
and elevated
hod shall be

sured is not
re measured

resentative of the connection’s temperature. If heating or cooling is only being applied on one side of the

temperature

iéns 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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shall be extended another 10 min, for a total of 15 min.

characterize the leak, recording the displacement in 5-min intervals (as required in 7.3.2).

6

6.1

General connection test objectives

Connection test specimen preparation

Control and

tolerance/wofst-case connection configuration evaluation and not random sampling of a populationm~Ext
tolerance evjaluation addresses performance parameters of dimensions, mechanical properties; ma
the type and amount of thread compound. Product tolerances are based on-Zperform
manufacturiflg capabilities and cost of manufacture. It is significant to recognize that this testyprocedure
he statistical basis for risk analysis.

torque and
not provide t
Manufacture

produced ac
described in

and test the connection specimens at the worst-case performance)extremes that cg
cording to the drawings, quality plan, running (including doping) procedures and make-up to
the connection geometry and performance data test sheets and’ quality control proced
Table 2 givep general connection test specimen objectives for each specimen. Table 3 gives guidang
selecting spgcimens for testing a metal-to-metal sealing, tapered thread /connection with a torque sho

If during any of the 5-min hold periods, more than 0,3 cm3 is collected from a specimen, then the hold

If the displacement is more than 0,9 cm3 for the 15 min-hold, then a 1-h hold shall be performed to

definition of test specimens is critical since this testing method is based on .éxtjeme-
eme-

e-up

Aance,

does

n be
'ques

ures.
e for

ilder.

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 numbger 2
Specimen oy Sy . o Text CALI CAL 11l
number Make-up objective | Test load objective Testing objective reference and Ii and Iv
1 Thread galling Mlplmum Itzak ngh mtgrnal pressure ywth 751 LP1 LA1
integrity tension increasing to failure
. . Leak resistance at . .
2 Pin maximum axial | . 0 rhake-up Compregsmn with external 752 LP6 LA?
stress ( b pressure increasing to failure (see 7.5.6)
tightness
Mhximum box hoo Leak'resistance at
3 P maximum make-up Tension to failure 753 LP3 LH3
stress : b
tightness
External pressure with LPS
Worst-seahgalling Minimum leak , pre . (see 7.5.5)
4 b : . compression increasing to 754 LR4
tendency integrity . (CAL Il
failure
only)
- L Minimum leak Tension with internal pressure| . _ _ L d
5 Fhreadgatting - —5 " : ; 755 =P5
integrity increasing to failure
g - Internal pressure with
6 Worst thread b Mlmmum leak compression increasing to 7.5.6 LP6
galling tendency integrity fai
ailure
. . LP7
7 Worst-seal gablllng Maximum leak External pressure to failure 757 (CAL IV
tendency integrity
only)
Worst-seal galling Maximum leak Low internal pressure with LP8
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 e 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
3 Seal gall!ng Maximum seal interference Low High Fast Slow Maximum
and sealing
b Sealing Minimum seal interference High Low Slow Fast Minimum
Thread
b gallingand | Minimum seal interference High Low Slow Fast Maximum
sealing
y Seal gall!ng Maximum seal interference Low High Fast Slow Minimum
and sealing
B Seal gaII!ng Maximum seal interference Low High Fast Slow Minimum
and sealing
6.2 | Connection test specimen identification and marking

Ident|fy each connection test specimen by marking with'the following information (see Figure 11).

a)

b)

d)

6.3

6.3.1| Additional and unsupported pipe lengths

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

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
¢ouplings (as applicable).

The pup joint designation (A or B) shall be placed after the specimen number.
The coupling side designations(A*or B) shall be placed at the appropriate end of the coupling

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.

Connectiontest specimen preparation

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

Lpj =D +6\Dr (4)

where
D is the specified pipe outside diameter;
t is the specified wall thickness;
additional length for gripping and/or plugs shall be provided.

scribe specimens to allow measurement of lengths L,, Lg and L. and record them on Form C.3.
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L

1 2 2
\~ /
1 A2 A B? 182 %
ijb ijb
1 i i
3 3
‘ 15° 15°
/ !

Key
1 end fixturg
2 strain gau

3 minimum
between strair

4 pin
5 box
@  Connectig
b .

ij is the 1f
6.3.2 Pipe

Connection fest specimens should be machined on pipe and coupling stock that is manufactured cons

with standarg

pe rosettes for measuring bending

gauge rosettes and end fixture)

and couplingstock

mill/thread practices as follows:

a) machine

cabnections for upset pipe on upset pipe;

hinimum unsupported pup joint length (D+6\/E ), see 6.3.1.

distance of 34/ Dt between strain gauge rosettes andiconnection (leaving minimum distance of D +

Figure 11 — Connection test specimen nomenclature and unsupported length

B./Dt

n specimen number is designated by 1;2;3, etc. and A and B are pup joint and coupling side designatigns.

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.

34
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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) e total range of measured yield strength at room temperature for each mother pipe shall bg¢ less than or
qual to 70 MPa (10 ksi);

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

h) e average coupling mother pipe yield strength shall not exceed thesminimum average pin mother pipe
ield 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
hall be by agreement between user and manufacturer;

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

6.3.4] Recording of data

All agpropriate data shall be recorded on matetial property data sheet Form C.1.

6.4 [ Connection test specimen machining

Manyfacture connection test specimens as specified by the connection manufacturer's process|control plan.
The fplerances shall be as specified in 6.6.

The first article contour tracings, or equivalent such as impression moulds, (at minimum magnifigation of x20)
shall| meet the applicableé machine drawing dimensions of the specimen being threadedl The piece
representing the staft of the thread lot shall be verified to meet the applicable machine drawing fequirements
prior [to machining«he 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 spgcifications of
the product drawing and record in the test report. The measurement shall be taken after machinirlg and before

surfacedtreatment and-shall be within the surface roughness-specifications-of the product drawing
a Heatheshtaha-SAan-oDe-WHHAHA-tA HHE Fodghh SPOCHGIHORS-0R8ProgHGHaFaWHRYG

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 Machi

6.5.1 Wors

ning tolerances

t-case performance objectives

The specific|machining dimensions will depend on the type of connection. For connections with attri
other than c

shall use an
strain gauge
resulting in
manufacture
seal contact

and coupled
Machining tq
the following
a)

b) thread t
C) pin nose
d) threadd
e) surface

6.5.2 Example machining tolerances

As an examn
Table 4 shoy
have been f
Table 2. For
Table 4 unle

connections, side A and side B shall be machined to identical dimensional-objectives.

seal diafneters;

vered by Table 3 or if different machining tolerances are recommended, then the manufa
lytical, computational (such as finite element analysis) and/or experimental techniqdes’(su
testing) to provide objective evidence that the extreme dimensional configurations of the pr
worst-case performance are tested. To select worst-case performance- ‘'objectives
shall take into account the minimum and maximum extremes of local seal contact pressure
load and total active seal contact length as influenced by machining parameters. For thre

pers;
thickness;
ameters;

foughness.

ple, for metal-to-metal sealing, tapered thread, connections with pin-nose torque shou
Vs combinations of seal and thread diameters, thread tapers and final make-up torques

Es the techniquesydescribed in 6.5.1 indicate other tolerances should be tested.

Table 4 — Tolerance limits on machining objectives

bund to provide the werst-case performance extremes corresponding to the test objectiv
this type of connggtion, the manufacturer should machine the specimens to the extrem

butes
Cturer
Ch as
bduct

the
total
aded

lerances, which may be relevant to worst-case performance, include, but may not be limifed to

ders,

hich

es in
es in

ltem Plus (+) tolerance Minus (-) tolerance

Maximum thnead-diameters No limit n,ﬂ’ﬂ-'\ mm (n_nm 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 taper
Maximu

Minimum (slow)

s:
m (fast) No limit

0,025 mm/25,4 mm (0.001 in/1 in)

No limit

0,025 mm/25,4 mm (0.001 in/1 in)

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 I) 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
have the torque shoulder grooved by agreement between connection manufacturer and user.

the test may

Inclugion of the torque shoulder pressure by-passing groove is at the option of the user and mall\ufacturer for

other| connection seal configuration types. Justification for omitting the pressure bypassing gra
inclugled in the full test report specified in Annex D, as well as the shorter summary dest repor
Annegx E. However, if any field dressing of the torque shoulder is allowed, the grooye 'shall be in
conngction test configuration of specimens 1, 2, 3 and 4 (specimen 4 omitted for CAL-l test proce

ove shall be
[ specified in
cluded in the
dures).

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.

Tabl¢ 5 — Specimen description and summary of test series for a metal-to-metal sealing;
tapered thread connection with a torque shoulder
Specimen description Make/break CAL IV CAL Il CALII CAL I
Thread
d Torque Test
Speci Interferepce compoun Condition B end Test Series Test Series Test Series | { -
peci- peries
men e
Condition| vy [mB |Fmu | mu |[mB|Fmu
No. [Thread| Beal CALIILIV|CALI| A (B|C |LL|A/B|C|LL |(B|C|LL|B|LL
Aend B end Aend B end
1 H L {MnnSL| H |— | H L |[—| L FMU |FMU | — [B| C 4tP4|—| B |C|LP1|B |C |LP1| B |LP1
2 L L |LowSL| H | L | H H |H|H RRG |FMU | A |—| G[|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 — JrAI|—| C |[LP4|A|—|C|LP4|B |C |LP5|+4| —
5 H L |MnSL| H | L|H L |H| L RRG - | A |[—|— |LP5|A|—|—|LP5|—|—| — |F| —
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|—| —|—| — |—|—| — |F]| —
Make-up — A ends MU (only) 8 6 4 3
Sum of specimgn Aand B |Make/break galling — Btends MBG 3 1 1 1
ends for each njake/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 p)
MBG Make/break limit galling test (see 7.2.3) SL  Seal interference condition determined by loca| seal
. contact pressure or total seal contact load, i.g. the
FMU  Final make-up(see 7.2.5) integral of contact pressure
H Manufagtdrer's recommended maximum value RRG Round-robin galling test (see 7.2.4).

For threaded and coupled connections, all A ends shall be configured the same as the B ends described above and shall be made-up
one time only as specified in 7.2.2.

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 onIy one make up (MU) as speC|f|ed in 7 2 2. All B ends receive a final make-up (FMU) as
i ~ i ified in 7.2.3

7.2.2| Make-up (MU) — A ends

For gl A ends, make-up connection test specimens in accordance with the following-procedure.

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

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

c) ake-up all assemblies as shown in Table 5 with the indicated amount of thread compound pnd make-up

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

NOTH 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
Makg-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 jon 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
rst and last break-out, record connection geometry data on specimen geometry data sheet, Form C.3.
eport results on the specimen make-up/break-out data sheet, Form C.2.

d) ake-up and break-out specimen end 4B for CAL Il and Il and ends 4B, 7B and 8B, for CAL |V nine times

r{ubing 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)

d)

7.2.5 Final[make-up (FMU—Bends

Make-up connection test specimens in accordance with the following procedure.

a)
b)

c)

d)

7.3 Test Ipad envelope tests

7.3.1 Test Joad envelope calculation

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.

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.

Refer t0]5.7 for general make-up/break-out procedures. Record connection geometry data,on Form C.3.
The conpections shall be clean and dry, and the quantity of thread compound applied.shall be recorded.

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

Report results on the specimen make-up/break-out data sheet, Form G:2{.and on the specimen geometry
data shdet, Form C.3.

In the calculation of both pipe body load capabilities and critical connection cross-section capacities, it |s the
intent of this|International Standard to test the specimens to as high a load or combination of loads as gafely
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)

c)

Yield strengths:

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

Outside [diameters andyinside diameters:

The spegified outside diameter shall be sufficient and may be used for calculation purposes or the gctual
average| outside~diameter may be used for calculation purposes. The D; shall be calculated using
minimum wall thickness (see below).

Pipe waltthickmess and-thickmessatcriticatconmection 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:

40

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

the mpanufacturer considers pertinent to these tests. Use Form C.5, the connection.-leak log she

any |

The

bakage during the tests.

load if any. In addition to the data required herein, the manufacturer shall record~and repart other data

et, to record

est 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-tolling 15-min intervals
during the 1-h hold.

Befo

tempgrature as specified in Table 1. This procedure

a)
b)

Test

shutqown or equipment repair. Testing shallt-then resume at the same load step in the proceg

fe Series A and B tests, all specimens except CAL | are<subjected to a 12-h bake af

fleduces thread compound degassing later which may appear to be a leak, and
provides worst-case thread compound performance.

ing may be occasionally interrupted at any.point in the procedure by removing all loads, e.g.

every 5 min

a minimum

an overnight
ure. Multiple

specimens may be tested simultaneousty.in series. However, the applied loads shall be the largest required

for a

I| specimens in series.

7.3.3] Test Series A — Tensjon/compression and internal/external pressure (tubing and casing)

it the connection test 'specimens (see Table 1) to the following procedure.

etermine the axialloads for the hold points shown in Figure 13 and Figure 14 and in Table 6.

etermine_the-internal pressure for the load points shown in Figure 13 and Figure 14 and in

etermine the external pressure for the load hold points shown in Figure 13 and Figure 14 ar

in Table 6.

[able 6.

d in Table 6.

igure 14 and

Report results on Form C.6, summary of observed bubble tube water displacement and Form C.5,

connection leak test log sheet.

© ISO 2002 — All rights reserved
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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 109N -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
16d 13 33 0 95 15
174d 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 c 3 80 95 0 15
224 8and 9ef -95 0 0 5
234 7 - 67 95 0 15
249 6 -33 95 0 15
254 5 0 95 0 15
26¢ 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

a

b

C

h

CEPL = capped end pressure load

Percentage of connection test load envelope

Smaller of 95 % test load envelope or 100 % ISOQ/API collapse, if test load envelope is equal to 1

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

Steps which are CCW.

d  Steps which are CW.

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

f For connection weaker than:pipe body in compression, load points 8 and 9 are different (see Figure 14).
g9

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

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

DO %

load

© ISO 2002 — All rights reserved
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Internal

Pressure
o
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o
(o]

\\
"

External
ST-————
|
|
|
|
L

Compression

Key

1 100 % VME pipe body yield envelope
2 95 % VMK pipe body yield envelope

Axial load

3 recommended intermediate load between steps 1 and 2

Load paths ar¢ repeated in CCW, CW, CCW directions for a total-0f.8 mechanical cycles.

Load points 8 pnd 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-sizgd numbers are load points.

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

Tension
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Compression 0 Tension

Axial load

1 1Pp0 % VME pipe body yield envelope
2 9p % VME pipe body yield envelope
3 rgcommended intermediate load step between steps 1 and\2

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

Load
Load

points 10 and 11 are not required to be a higher-pressure than load point 12.
points 10 through 14 are typically governed by pipe body collapse and not pipe VME yield.

a8  gmall-sized numbers are load points.

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

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

ression

Subnit the connectioniest specimens (see Table 1) to the following procedure. Note that for CAL I, 1l and Il
bend|ng is optional;)for CAL IV bending is normative.

e)

If bending.is 'used, determine the equivalent axial tension and compression loads for bending equivalent

o 40 % of the pipe body yield strength, 40 % of the connection yield strength (see Note)
9,7°m/30 m (20°/100 ft), whichever is less.

without bending.

or dogleg of

and Table 7

Determine the axial loads and internal pressure for the load points shown in Figure 16 or Figure 17 and

Table 8 with bending.

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

Figure 16 or

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
criteria.

© ISO 2002 — All rights reserved
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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 @ 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
7b 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
18P 2 95 95 15
19 3 80 95 15
20° 4 CEPL 95 60
21b 5 0 95 15
220 6 -33 95 60
23b 7 - 67 95 15
24° 8and9de -95 0 15
250 2 95 95 60

CEPL'="Capped end pressure load.

@7 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).

46
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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)@ yield b envelope ° min

1¢ 1 — 95 0 5
2¢ 2 — 95 95 15
3¢ 2B 20°f F,+T=95 95 60
% 3 = 86 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 Fp + C=67 95 15
13¢ 8and9¢€ — > 95 0 5
14 ¢ 2 — 95 95 15
15 ¢ 2B 20°f F,+T=95 95 15
16 d 8and9¢€ — -95 0 5
17 d 7B 20°f Fp+ C=-67 95 15
184 7 — - 67 95 15
19 d 6B 20°f Fo+T=-33 95 15
DO d 6 — -33 95 15
D1 d 5B 20°f 0 95 15
p2 d 5 — 0 95 15
D3 d 4 — CEPL 95 15
D4 d 3B 20°f Fp+T=80 95 15
p5.4 3 — 80 95 15
[ 2B 2077 Fpt I =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

© ISO 2002 — All rights reserved
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Table 8 (continued)

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

f Bending Ipad 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
connection bending yield load. Bending is optional for-€AL IlI, Il and I.

Bending in pipe Total axial force Pressure Hold time
Load step Load point % connection % service
°/30 m (°/100 ft)2 yield b 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 Fy+C=67 95 15
40¢ 8and9¢ — -95 0 5
41¢ 2 — 95 95 15
42¢ 2B 20°f Fp+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)
a8  See7.3.4a).
b Determingd from 95 % test load envelope.
€ Steps which are CCW.
d  Steps wh[h are CW.

NOTE 1°/80 m = 1.016°/100 ft.
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8and 9 0
Compression Tension
AxialJead
Key

1 1Pp0 % VME pipe body yield envelope
2 9p % VME pipe body yield envelope
3 rgcommended intermediate load step between steps 1 and 2

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

a8  gmall-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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Key
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3 recommeg

Load paths ar
Load points 8

a8  Small-sizd

Figurg 16 — Test Series'B-load paths with bending for connection rated equal to pipe body

nded intermediate load step between steps T and 2

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

d numbers are load points.
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Key
1 1Pp0 % VME pipe body yield envelope
2 9p % VME pipe body yield envelope
3 rgcommended intermediate load step between-steps 1 and 2
Load paths are repeated in CCW, CW and CCW directions for a total of three mechanical cycles.
a8  gmall-sized numbers are load points.
kigure 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)
Subnpit the connection test specimens (see Table 1) to the following procedure.
a) etermine the axial load, 7, and internal pressure, p;, as specified in 5.12.

b) Fertorm the test according 1o Instructions In 9.17Z2 and as shown In Figure TU.

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)

2)

3) hold the loads for 5 min;

© ISO 2002 — Al rights reserved
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first apply tension T, adjusted to allow for pressure-induced tension;
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4) rem
5)
d) Heatthe

e)
applied.

ove the frame tension to less than 5 % T;

then remove the pressure to less than 20 % p;.

specimens in accordance with 5.12.

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

Apply the axial load 7, adjusting the frame load to allow for pressure-induced tension when applicable.

Apply th

Apply fiy
cycles fi
specifieq
fluctuate
0 % to —

Apply fi
for CAL

)
k)

Repeat {

Repeat
ambient

Report 1
Form C.

7.4 Limit

7.41

Limit load te
are importan
also be usef
interpret the

results may necessitate a downward revision to the manufacturer’s original limit loads. Specific test path

specified in
than the pips
the pipe bod

Limit load p
measure and

Prindiple

= ;Iltcllldi pIUDDUIU[}i.
e thermal cycles for CAL Il and Il tubing and casing, as well as CAL IV casing, and(50-th

in Annex J, apply five thermal cycles. For casing, allow the internal pressure and axial Ig
with temperature. For tubing, maintain the tension and internal pressure neapconstant (
10 % of T and p;) during thermal cycling.

e pressure-tension cycles as specified in ¢) and d) at a temperature.ofjat least 135 °C (27
I and CAL Ill or 180 °C (356 °F) for CAL IV.

hermal cycles as specified in h).

ive pressure-tension cycles as specified in ¢) at ambientitemperature [less than 5 °C aboV
temperature originally recorded in c)].

esults on Form C.8.1 or Form C.8.2, summary of\observed bubble tube water displacemen
b, connection leak test log sheet.

oad tests

5ts are conducted to establish:the structural and sealing limits of the connection. Limit load
I for demonstrating conneection performance beyond the test load envelope. Limit load tests
il for correlating with finite“element analysis data. The results of the limit load tests are us
connection conformanee’ to the requirements of this International Standard, however the limi

r.5.1 to 7.5.8. Figure 18 shows limit load test paths for a connection rated equal to or str
body for all €ight load paths. Figure 19 shows limit load test paths for a connection weake
for all eightload paths.

ressure-tests shall be conducted with either water or oil. After termination of limit load
recerd lengths Ly, Lg and L., on Form C.4. Where applicable, strain gauge data from the

ermal

br CAL IV tubing in accordance with 5.12.4. For CAL IV tubing with redundant seals’ test¢d as

ad to
ithin

5 °F)

e the

t and

tests
may
ed to
load
s are
bnger
than

test,
pipe-

body gaugesd

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.

52 © ISO 2002 — All rights reserved


https://standardsiso.com/api/?name=ea9ddd9fd31301d829929821e6915b91

ISO 13679:2002(E)

100 % LP5 2

/’_9;;\/ LP1/

Internal
A

7 70 %

3 / ;: o0 %/’ /’ LP8

o T
5 50 % T / LP3
%0:::::.:::::::::_:::::::::':::::
s //100% - 50 %
] X
®© |
E -
2 C
§| LP4_ 90 % I
\ 7
% LP7
LP2
Compression 0 Tension
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Key

1 1P0 % connection test load envelope
2 specimen number and load path number

The % in the graph represents,% of the connection test load envelope.
@  Fpr CAL Il and CAL,-dse specimen 2 for LP6.
b Fpr CAL Il, use specimen 4 for LP5.

Figure-18 — Limit load test paths for connections rated equal to or stronger than pip¢ body
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Key

1 100 % VME pipe body yield envelope
2 100 % comnection test load envelope
3 specimen|number and load path number

The % in the draph represents % ©ofthe connection test load envelope.
a8  For CAL I| and |, use spécimen 2 for LP6.
b For CAL I|, 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
Clauge-6—Fhe—replacement—specimen—should—be—assembled—and—tested—through—other—sequences prior to
failurg, and these conditions should fulfil the original specimen objectives as fully as possible, and these
condftions and their deviations from original conditions shall be fully documented. These provisipns could be
appropriate, for example, if a specimen that has undergone round-robin make/break testing,did npt achieve its
limit load test objectives. A replacement specimen shall be baked as specified in Tablg, 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 ljmit load is determined by Test Path 1 using the following procedure.

a) Wse 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:

) 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 dest on a separate limit loads test data sheet, Form C.4,|and include
flepresentative photos of the failure in the connection test report.

7.5.2] Test Path 2 — Compression with external pressure increasing to failure tests
The ljmit load is determined by Test Path 2 using the following procedure.
a) WUse specimen number as specified in Table 5 (i.e. Specimen Number 2 for CAL V).

b) Monitorteakage in the same manner as test load envelope tests (5.8 to 5.11).

aiaheo OO a—cvaal-laad-ta-th 1 af:
C MM1Y ad CUITTPTTOOIVE dATAT TUAU TU UTTT TCOooTT UT.

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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Path 3 — Tension increasing to failure tests

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

a) Use specimen number as specified in Table 5 (i.e. Specimen Number 3 for CAL V).

b) Hold pressure loads at zero, then apply increasing tension to failure.

c) 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

ath 4 — External pressure with compression increasing to railure tests

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

a) Use spe

b) Monitor

cimen number as specified in Table 5 (i.e. Specimen Number 4 for CAL V).

eakage in the same manner as test load envelope tests (5.8 to 5.11).

c) Apply external pressure to the lesser of:

1) 909
2) 90§
preg

d) Report

o of the pipe body external pressure rating at zero axial load; or

sure constant and applying increasing axial compressian. to specimen failure.

he results of each test on a separate limit loads test data sheet, Form C.4, and in

representative photos of the failure in the connection test report.

7.5.5 Test
The limit load

a) Use spe

b) Monitor
c) Applym
1) 509

2) 509
tens

d) Report

Path 5 — Tension with internal pressure-increasing to failure tests

is determined by Test Path 5 usingthe following procedure.

cimen number as specified in Table 5 (i.e. Specimen Number 5 for CAL V).
eakage in the same manner-as test load envelope tests (5.8 to 5.11).
achine tension to the-lesser of:

o of the pipe badyyield tension with zero pressure load; or

o of the gennection axial tension service load at zero pressure load while maintaining ma
ion constant and increasing internal pressure to specimen failure.

he_results of each test on a separate limit loads test data sheet, Form C.4, and in

o of the connection external pressure rating at zero axial load, while maintaining exjernal

clude

chine

clude

represenf:\fi\ln phnfne of the faillure in the connection test rnpnri’_

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.

a) Use specimen number as specified in Table 5 (i.e. Specimen Number 6 for CAL V).

b) Monitor leakage in the same manner as services load envelope tests (5.8 to 5.11).

c) 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.

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.

7.5.7

Test Path 7 — External pressure increasing to failure tests

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

a) Use specimen number as specified in Table 5 (i.e. Specimen Number 7 for CAL IV.)

b)
c)

d)

7.5.8
The |
a)

b) |

c) 1

d) |

8 |/

8.1

Make

onitor leakage in the same manner as test load envelope tests (5.8 to 5.11)
old axial load at zero and apply increasing external pressure to specimen failure.

eport the results of each test on a separate limit loads test data sheet,”Form C.4,
epresentative photos of the failure in the connection test report.

Test Path 8 — Low internal pressure with tension increasing to failure tests
mit load is determined by Test Path 8 using the following procedure.
Jse specimen number as specified in Table 5. (i.e. Specimen Number 8 for CAL IV).
Vonitor leakage in the same manner as test load envelope tests (5.8 to 5.11).
A\pply an internal pressure to the lesser of:
) 50 % of the pipe body capped end internal pressure test load; or

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

Report the results of each.test on a separate limit loads test data sheet, Form C.4,

flepresentative photos of the\failure in the connection test report.

Acceptance criteria

Make-up ‘and break-out tests

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

and include

bressure and

and include

a) |

Make-up and break-out tests are considered successful if no galling is observed or if repair|

Bble damage

meeting the manufacturer's repair criteria is observed and repaired, and the connector performs without
leakage.

b) Any galling or other nonconformities shall be reported.

c) 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.

d) 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

©I1SO
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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 Interpnalpressure-sealing

Sealing testq are considered successful:
a) if loads femain stable during hold periods;

b) if the legk rate of 1 x 10~3 cm3/s (equivalent to 3,6 cm3/h) is not exceeded, which’cah be measuted in
intervalg of up to 15 min (g5 = 0,9 cm3/15 min);

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

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

8.2.3 Extefnal pressure sealing
Sealing testq are considered successful:
a) if loads femain stable during hold periods;

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

c) if the ledk rate does not have a tendehcy to increase over time.

The leak rat¢ is determined by the_measured leak volume collected over the testing hold time divided Ry the
hold time and can be measured-in intervals of up to 15 min. The leaked volume of 0,9 cm3/15 min geriod
corresponds [to 1 x 10~3 cm3/st

Leak detection in external.pressure tests is recognized as more difficult and less exact than internal prepsure
tests. Indiregt objective)evidence equivalent to the required maximum leak rate is acceptable for exfernal
pressure tesfts.

8.3 Limit

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
c) \% i i i W its fimitati

The {est data provide objective evidence of validation of the connection test load envelepe angd failure limit
loads.

The ¢onnection manufacturer shall maintain copies of test results as long as the connhection is ¢ffered to the
indusgtry 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
photagraphs and be included in the test report. Test reports may be filed for public access with a national
stanqards body.
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Annex A
(normative)

Connection geometry and performance data sheet

A.1 General considerations

The connect

and performgnce data at the beginning of any testing.

A.2 Conn

The connect
threads, sea

A.3 Diagr
The connec
identifying th
Table A.1).

A.4 Conn
The connect

and procedu
inspection off

A.5 Make

The connection manufacturer-shall document complete make-up parameters listing the thread comg

type, covera
minimum an
and revision

on manufacturer shall provide the information on Table A.1 describing the connection geob

pction geometry
on manufacturer shall provide a detailed description listing the design features and benefits

s, shoulders, and body configuration (see Table A.1).

am

e critical planes for tension, compression, internal pressure, external pressure and bending

pction manufacturing specification

on manufacturer shall provide a process control plan which details all applicable specific
res, with the associated control numbers and revision levels necessary for all manufactur
the product (see Table A.1).

up parameters

e, and application method, along with the make-up speed, required shoulder torque values
I maximumsfinal torque values and make-up loss. This document shall have a control proc
evel and‘be’listed in the manufacturer's process control plan (see Table A.1).

metry

pf the

ion manufacturer shall provide a representative cross-sectional diagram of the connection

(see

tions
and

ound
, and
pdure

A.6 Conn

pction 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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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 efficien

acco
rating

Iint for the actual properties of the test specimens relative to the minimum properties ustally
s. Manufacturers should indicate anticipated failure loads.

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

tly derived to
assumed for

A.1 |ldentification
Proquct description ‘ Size, mass (label: weight) ‘ Wall thickness | «Grade Product name
Coupling grade (if different from the pipe body)

Con

nection application level (CAL) to which test is performed

A2

Connection geometry

A.3 | Diagram: (Attach separate page(s) with schematic cross-sectional diagram)
A.4 | Connection manufacturing specifications
Proyide complete documentation detailing all of the applicable specifications and procedures, with the associated
conffol numbers and revision levels necessary for all manufacture, inspection and installation of the product. At a
minifnum, the following information shall be provided:
Prodess control plan No. (attach copy) Revision No./Date
Pin grawing No. Revision No./Date
Box[drawing No. Revision No./Date
Pin fhread drawing No. Revision No./Date
Box|thread drawing No. Revision No./Date
Seal ring drawing No. Revision No./Date
Pin $urface treatment/type specification No. Revision No./Date
Box[surface treatment/type.Specification No. Revision No./Date
Gaupe calibration procedure No. Revision No./Date
Gauping and inspeetion procedures No. Revision No./Date
Seal ring inspection procedure No. Revision No./Date
Swalge/stress relief procedure No. Revision No./Date
Mill goupling/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
gtza;eg(;r;;lance 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 *tPi—Po
% yield kN (kips) MPa (psi)
1 95 4 048 (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) -575 (- 8334)
100 %
12 0 0 (0) -57,5 (~8334) Collapse
13 33 1406 (316) -50,6 (-7339)
14 67 2 855 (642) - 36,1 (-5243)
Sl Units (USC Units)
Specified P = 177,8 mm (7.000 in)
Actual minjmum wall thickness = 10,16-mm (0.400 in)
D; based dn actual minimum wall 157,48 mm (6.200 in)
thickness F
Pipe cross}section area = 53,51 cm? (8.294 in?)
Actual average D; = 157,0 mm (6.180 in)
Actual intefnal pressure end load = 0,019 4 x p;, kN [(29.996 x p;/1 000) kips]
Actual pip¢ minimum yield strength\= 796,3 MPa (115 500 psi)
Actual pipg body yield = 4 261 kN (958 kips)

NOTE

kip = 1 000 Ibf (pound-force) and 1 kip = 4,448 kN.

62

© ISO 2002 — Al rights reserved


https://standardsiso.com/api/?name=ea9ddd9fd31301d829929821e6915b91

Table A.3 — Detailed load steps
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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 — 4048 (910) 3363 (756) 35,4 (5 132) —

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

5 2 4048 (910) 27678 (602) 708 (102p3) 60

6 — 3136 (705) 1766 (397) 70,8 (19 263) —

7 3 3407 (766) 1766 (397) 84,8 A2 3p2) 15

8 — 1641 (369) 0 (0) 84,8 (12 3p2) —

9 4 1833 (412) 0 (0) 944 (13 6p3) 15

10 — 1659 (373) 0 (0) 85,7 (12 486) —

11 5 0 (0) -1659 (- 373) 85,7 (12 486) 15

12 — ~-0325 (-73) ~1659 (- 373) 69,1 (10 0[16) —

13 6 — 1406 (- 316) — 2744 (- 617) 69,1 (10 0[16) 15

14 — -1935 (—435) - 2744 (- 617) 41,8 (6 048) —

ccw 15 7 -2811 (- 632) - 3621 (- 814) 41,8 (6 048) 15
16 — - 3621 (- 814) 3621 (- 814) 0,0 © —

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

18 — 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) ~-575 | (-83B4) 15

21 11 -2431 (- 479) -2131 (—479) -57,5 (-8 334) 15

22 12 0 (0) 0 (0) ~-575 | (-83p4) 15

23 — 0 (0) 0 (0) ~-50,6 | (-73B9) —

24 13 1406 (316) 1406 (316) - 50,6 (-7 3B9) 15

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

26 14 2 856 (642) 2 856 (642) ~-36,1 | (-52u3) 15

27 — 2 856 (642) 2856 (642) 0,0 () —

28 1 4048 (910) 4048 (910) 0,0 © 5

29 — 2856 (642) 2856 (642) 0,0 () —

30 14 2 856 (642) 2 856 (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) ~-575 | (-8334) 15

35 11 ~2131 (- 479) - 2131 (- 479) ~-575 | (-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)

Direction | | vME Axial load Frame load Pressure, +pj—p, | Hold
Vlclg)g:?ve step @ ;I)?)?: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) —
Cccw 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 (Q) 5
45 — -3621 (- 814) -3621 (- 814) 0,0 0) —
46 7 -2811 (- 632) -3621 (- 814) 418 (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 (- 3%3) 69,1 (10 016) —
50 5 0 0) —-1659 (=873) 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 — 4 048 (910) 3363 (756) 35,4 (5132) —
59 — 37863 (756) 3363 (756) 0,0 0) —
60 1 4 048 (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) 354 (5132) —
64 2 4048 (910) 2678 (602) 70,8 (10 263) 15

65 3136 {705} 1766 397 708 {10263}
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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Direction | | vME Axial load Frame load Pressure, +pj—p, | Hold

Vla?g:?ve step @ ;I)?)?: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 — -4 048 (-910) -4 048 (-910) 0,0 o 15

79 10 -4 048 (-910) -4 048 (-910) ~’57,5 (-8334) 15

80 11 -2131 (- 479) -2131 (- 479) -57,5 (-8334) 60

81 12 0 0) 0 0) -57,5 (-8 334) 15

82 — 0 0) 0 (0) -50,6 (-7 339) —

83 13 1406 (316) 1406 (316) -50,6 (-7 339) 60

cow 84 — 1406 (316) 1406 (316) - 36,1 (-5243) —

85 14 2 856 (642) 2856 (642) - 36,1 (-5243) 15

86 — 2 856 (642) 2 856 (642) 0,0 o —

87 — 0 (0) 0 (0) 0,0 o —

Switch. from external pressure to internal pressure

88 1 4048 (910) 4048 (910) 0,0 o 5

89 — 3363 (756) 3363 (756) 0,0 (0 —

cw 90 — 4048 (910) 3363 (756) 354 (5132) —

91 — 3363 (756) 2678 (602) 354 (5132) —

92 2 4048 (910) 2678 (602) 70,8 (10 2p3) 60

93 — 2678 (602) 2678 (602) 0,0 (0 —

94 — 0 (0) 0 (0) 0,0 (O —

End of test
a L oad stepinimbers are for the test operator and do not correspond to Table 6.
© ISO 2002 — Al rights reserved 65


https://standardsiso.com/api/?name=ea9ddd9fd31301d829929821e6915b91

ISO 13679:2002(E)

Pressure
Internal

1

External

Key

1
2

a

66

(psi) |MPa
(20 000) .
i 2
(15 000)
/]
4
2 — L~ 110000) 2/\N
s 150 7
g — /
/a (5 000) - —
/// \ i / /
// i //
—6000—5000—400—3000—%000—1000 10 1000 2000 3000 71(;09 5000 6000 kN
1 1 a4 L1 1 1 1 1] 1 1 1
1 1 1 1 / A 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1
1 500) (- 1000) I 8and 9 (-500) ®) (500) I ) (1N000) (1/500) (kips)
/ / | 1 14]
| (- 5000) . i———'7
' R 13 /
| N . - 50
10 11 ] /
\ 5 000) 1-100
(- 20 000) -
Compression Tension
Axial load
100 % VME pipe body yield envelope
95 % VME pipe body yield envelope boedy (178 mm D x 10,16 mm wall thickness x grade P-110)
Small-sizgd numbers are load points.
Figure|A.1 — Example“series A test load envelope for a connection rated equal to pipe body
[178 mmrD 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

General considerations

It is Ihe manufacturer’s responsibility to fully define the test load envelope for his product(s)

enve
load

using
conn

It is

prod
objeq
thesdq

Appli
a co
mear

B.2

B.2.

opes should be defined as shown in Annex A. In the event that a manufacturer fails~te’d
envelope, this annex may be used as a means by which a user could estimate the|test Iq

a connection performance model based on rating capacities of specific critical-cross-se
pction.

Iso the manufacturer’s responsibility to fully, or as completely as possible, define the limit
ct(s). If the manufacturer elects not to estimate the limit loads, 1S© 13679 is designe
tive information regarding the limit loads. No equations have been included to estimate the
remain under current industry study.

cation of the information given in this annex is optional. Howevet, if this annex is adopted as
hnection test programme, adherence shall be made toxthe provisions (see the Introdu
ing of verbal forms in provisions) contained herein.

Basic principles

Introduction of critical cross-section connection model

Casi

of pipe to form a casing or tubing string. Connections consist of threads, seals and/or shoulde|
memper. Connections can vary widely in design and function.

Casing and tubing strings are-usually suspended and/or cemented in the well-bore and are s

disti
a)
b)
c)

d)

g and tubing connections can be €Considered as concentrically layered mechanisms used t

t types of primary loads:
uid pressure —internal and/or external,;
xial force.—~tension or compression;

ending>— buckling and/or well-bore deviation;

'he test load
bfine the test
ad envelope
ctions in the

loads for his
d to provide
imit loads as

the basis for
ction for the

D join lengths
s on a body

ibject to five

rsion — 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 lll: 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
1
[0} /——
2 Qll Ql
g5
—_~ / -
‘®»
£
o /
> 7
® -18 -12 - 0 6 12 18
o Qlv /’
o
N} /
Qi /
/
= 10 =
(]
-'>_<‘ \
: —
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.]

The

bend
At lo
and/(
comg

B.2.

The |
defin
the fa

The |
sens
subs

B The connection test load envelope

connection test load envelope defines the bounds of the combinations of loads) (axial,
ng) within which the connection will maintain its structural and sealing integrity_on a cyclic
hds beyond the test load envelope, damage can occur to the connection, résulting in loss
r sealing integrity either during a subsequent load reversal, i.e. a cyclic load or an increas
onent (i.e. a monotonic load).

I Connection limit loads and failure loads

bd as the limit loads. Depending on the specific characteristics of a connection, the limit load
ilure load.

mit loads of a connection can also be more or less'than the pipe body. Furthermore, a conn
tive to one type of load, with a capacity substantially less than the pipe body, yet exhibit a lo
antially greater than the pipe body in a different loading mode. These factors have be (¢

ressure and
| load basis.
of structural
b in any load

mit of the loads at which a loss in the structural and/or sealing-integrity occurs in the conngction can be

may also be

pction can be
hd resistance
onsidered in

estalylishing the test and limit loads of the connection.

B.2.%5 The pipe string test load envelope

The fest load envelope of a pipetstring (the pipe body and the connection combined), is the minimum
compbination of loads (axial, pressure and bending), within which cyclical pressure and structurpl integrity is

main
load
in IS

The
resul
body

envelope is further limited to the biaxial collapse resistance of the pipe body as defined by
D 10400 or API Bul 563 for the external pressure quadrants Ill and IV.

s in the loss ‘6f ‘sealing integrity or a structural failure (axial separation, rupture or collapse
or connection, i.e. the casing or tubing string.

B.3

ained, as limited by the VME stress intensity of the pipe body or in the connection. The pipe string test

e equations

imit loads of a\pipe string is the minimum combination of loads (axial, pressure and bending), which

) of the pipe

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,
Pipg body Wall thickness t
Internal diameter (calculated) D;
Critical cross-sectional area in tension Ap
Corresponding diameter on which the internal D,
Quadrant If tension and pressure acts
internall pressure Corresponding wall thickness on which the internal )
pressure acts
Internal diameter (calculated) Dy
Critical cross-sectional area in compression A,
Corresponding diameter on which the internal D,
Quadrant Il| compression | Pressure acts
and interrjal pressure Corresponding wall thickness on which thé&linternal t
pressure acts
Internal diameter (calculated) D,
Critical cross-sectional area in~compression 4,
Corresponding diameter on-which the external D,
Quadrant Il compression | Pressure acts
and exterpal pressure Corresponding wall thickness on which the t
external pressure acts
Internal diameter (calculated) Dy
Critical(cross-sectional area in tension A,
Corresponding diameter on which the external D,
Quadrant I\ tension and  [¢Pfessure acts
external pressure Corresponding wall thickness on which the t
external pressure acts
Internal diameter (calculated) Dy
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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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 joads—for—the—connection—at-al-combinations—of-pressures—{i-e—interral-and—external-ang axial loads,
tensipn and compression. Furthermore, the manufacturer should provide the adjustments 10 the envelopes
requifed for bending.

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

a) ¢onnection rating equation(s);

b) tabular numeric data; or

c) graphic representation with intercept and crossover values.

It is dritical that the combined load capacity described by the testload envelope be precisely defiped near and
throughout the conditions where the dominant load sensitivity of:the connection may change from pressure to
axial f[and/or bending or vice versa. Connection rating equations, whether analytically or experimgntally based,
shall|completely define the test load envelope for all.egmbinations of pressure and axial force and the
combined effect of bending. The form of the rating equation should facilitate the calculation of [the pressure
valug given the axial load, with or without bending.

Since casing and tubing connection designs andythe resultant test load envelopes can vary widely, no overall
requifement for the minimum number of valués in a tabular data format can be mandated. However, if a
conngction design exhibits changes in load sensitivities, the loads at which the changes in lopd sensitivity
occuf shall be unambiguously provided:!

Apprpximately ten (10) combined-léad values of pressure and axial force per quadrant for a spdcific bending
condftion should be sufficient to define the test load envelope and limit loads.

The test and limit loads niay-also be represented graphically provided numerical values are alsollisted for the
presgure and axial forge-intercepts and at all discontinuities in the performance envelopes.

B.4.3 Alternate test load envelope

In th¢ absence of a test load envelope B.4.1, the test load envelope can be established by th¢ procedures
outlined.ih 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.
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

Yield

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 He required, one for each specific p; and p,. As a result of the foregoing, a discontinuity in the| VME

equation exigts at the zero pressure axial force coordinate. In other words, Quadrants | and Il requijre _dif
constituent \ME equations (o}, and o;) than Quadrants Ill and IV. See Reference [2] for furtherctreatm
this subject. The pressure normalization equations are listed in B.5.3.

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

a) Axial terfsion force limit under uniform axial stress

Fafoydy=oyn(D-t)t=0, %[DZ —(D—Zt)z}

2 | is the axial tension force limit;
is the defined axial tensile yield strength, normally the ISO/API axial tensile yield strength;
A, |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 3,1416)
b) Internal pressure limit-for initial yield at the D, surface

D2 (n_2:?
\ VA

erent
bnt of

(B.1)

(B.2)

L i

where

p; s the internal pressure limit,

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

c) Axial compression force limit under uniform axial stress

Fa=—o0cdp=—ocm(D—t)t

yield

(B.3)

72 © ISO 2002 — All rights reserved


https://standardsiso.com/api/?name=ea9ddd9fd31301d829929821e6915b91

d)

ISO 13679:2002(E)

where

F

5 is 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[D ~(D-2) :|_—20tC(D/l—1)
i 2 (D/t)2

(B.4)
2D

Vhere

Do s the external pressure limit;

o is the defined transverse compressive yield strength if available_or otherwise axia| 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
$tress shall be calculated as specified in the method detailed'in 1.1 of ISO 10400 or API Bul C3 collapse
ressure equations.

roprietary 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.

ending at the inside surface, convex or concave side

o

Dieg = B.5

'3 0,060 156(D — 2¢) (B:5)
vhere

Do, is the bending, expressed in degrees per 30 m, i.e. centreline deviation per uni{ axial length

limited at thie-inside surface of the pipe;

o is thedefined tensile or compressive yield strength, expressed in newtons per square millimetre
(N/mm?), if available, or otherwise longitudinal tensile yield strength, at the inside gurface of the

pipe;

D\7~'is the specified outside diameter, expressed in millimetres;

: 4l H P | ot al al i HIH 4
[4 1S T SPTUNIITU Wdadll UTTUATTICOS, TAPITSSTU T TTHIITTITUTS.

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 = \/0'3 + Gﬁ + Grz —0a0h —OhOr — 0104 (B.6)

where

o, |is von Mises equivalent stress;
o, |is the axial stress;

o, |is the hoop (tangential) stress;
o, |is the radial (normal) stress.

b) Without pending

In the alpsence of bending, the peak VME stress for either internal.or external pressures always occprs at
the inside surface. Consequently, for a specific axial force, the limiting internal and external pressurg can
be calculated by the following method:

The pringcipal stresses are determined as follows:

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

pi[D2+(D—2t)2]

[Dz —(D—ZI)Z}

O = = pikj

[DZ +(D—2t)2}

ki = (B.7)

[Dz—(D—Zt)zJ

whgre k; is<a-geometric constant.

2) Hogpistress from external pressure p, at the inside surface

2p,D?
Uh:_%:_l?oko
D —(D-2)
2p?
ko =— . (B.8)
D —(D-2)

where k, is a geometric constant.
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3) Auxial stress from axial forces

__Fa _Fa B.9
a n(D-t)t 4, (8-9)

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

4) Radial stress from internal pressure at the inside surface

0 =—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 cprresponding
maximum internal pressure p; or external pressure p, for the defined yield strength is alculated 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 =kP i+,
B =0y~ kiog;
c = 0'82 - O'VZ;
o, Is the defined stress level at the inside surface.
T) For external pressure
pO:—BiVBz—4AC ©.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, g, 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)

76

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)

atF, =

B.15)

o (ki—1)
V3NKE + ki +1 (ki +1)

ii) Quadrant Ill

at pj =

oA

s (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 =04 Loy (B.18)

where

o, IS total axial stress with bending;

o, s the axial stress from axial forces
F F
where oy =—32 —=-2
n(D-1)t Ap

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

M(D/2-1)

where oy, ==£ 7

M is the bending moment;

I is the moment of inertia;
where :l[DA' —(D—2t)4}
64

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

M(D/2—-
op = iy =+ 0,060 156 Djeq (D - 2¢) (B.19)

vhere
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~ ic tha avial ctrace Aiia tn handina avnraccad in MDA
=05) IStHE—chat-StHeSSaHe 0P eRagG-ExXpresSsearvir—a-

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, , and degree of bending, Djg.
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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

B.21
Y (B.21)
whare [for Equation (B.21)]
t(D—t
PRICE)
1
B:it(ZGa + pj —Ghi)
1
C =-3pioni
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) Forlexternal pressure
—B+\B?-44C
M oy = > B.22)
A
whgre [for Equation (B.22)]
9 2
D (D12—1)
A=""" 2
4] 1
B:+20'at _O-hit
1 1

C=3po(oni+ro)
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
D =
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

conn
prima
capa

bctions are designed so that the initial bearing pressure and resulting hoop stress Jn
rily resisting the load are not dominant when service loads are applied. In other words(the
City of a connection to specific loads is predominantly a function of the service load ferces, T

the member
service load
ot the forces

and gtresses generated as a result of make-up.
For gxample, 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 genetating a high

beari
this
resis

plang.

NOTEH
betwd
test Ig

As a
Thus|
comp
secti

For ¢
thick
whic
exter
be pl

The
assu
crosq

This
achisg

ng pressure (radial stress) between the pin and box member, yet the pressure integrity of th
lane is not compromised. ISO 10400:1993 (Equation 3.1.2) or API Bul’5C3 rates the inte
ance of an API coupling solely on the dimensions of the coupling;'and the material prop

Since the connection test envelope is essentially defined ‘as a maximum elastic load, relat
en connection members will be small. In other words, connection geometry will be essentially cons
ad envelope.

e coupling at
nal pressure
prties at that

ve movement
tant within the

result, the principles of superposition can be applied to establish the test load envelope of
knowing the various critical cross-sections ef“the connection subject to axial loads, i.

nal pressure. Of course, the-specific critical cross-sectional area of the connection under
Bnar (coincident) with thediameter and wall thickness.

critical cross-section~(CCS) approach to calculating the test load envelope of conned
mes that long cylinder equations are valid. In other words, no shear reinforcement occur
-section due tofa’nearby or adjacent thick wall section.

assumption is conservative and reasonable since the central design objectives for a conn
ve a perfermance and geometry as close to the pipe body as practical.

connections are designed to a

connection.
. tension or

ression and the diameter and thickness resisting the pressure loads, internal or external at{those cross-
bns allows the calculation of a test load envélope of a multi-body member, such as OCTG cgnnections.

uperposition, the critical cross-section-resisting an axial load need not have the same diamgeter and wall
ess (D and ¢) as that resisting the) pressure load. It is, however, necessary to know the| diameter on
the pressure acts, i.e. the internal diameter (D;) for internal pressure and the external diameter (D) for

nalysis shall

tions further
5 at a critical

ection are to

jacent heavy

chieve at least 100 % pipe body performance at the expense of g

r, most such

eometry 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 eneral equations

b.2.2.
bs for

The following Equations (B.24) to (B.26) are identical to those given for the pipe body as described in B.
Calculate thg uniaxial connection test load envelope values by substituting the appropriate ® 'and ¢ valu

the connecti
the correct I
that the sped

n geometry at a critical plane instead of the pipe body. In a given critical cross-sectional
and ¢ for axial stresses need not be the same D and ¢ for hoop stresses._ It is merely nece
ific D and ¢ correspond to the values regulating axial stress, including bending, and that an

lane,
5sary
bther,

not necessaijily the same D and ¢ correspond to the values resisting the pressure leads. Furthermore, infernal

pressure, p;, plways acts on the inner diameter, D;, which is expressed as:
D;=D+

21 B.24)

External pres
likely to havg
respectively,

bsure, p,, always acts on the outer diameter, D. Also be aware that for field service loads yhich
both a p; and p,, it is necessary to normalize these pressures to a p;, and p,, such that p, and p;,
are zero before a comparison with test pressures can be made. The normalizatipn of

simultaneoug internal and external pressures to solely p; and 'is accomplished by the following equations:
2D?
Pin =P~ 5 Po (B.25)
D +Di
2 2
D* + D;
Pon = Plo _—lei (B.26)
2D
where
D s the outside diameter;
D; s ttfe inside diameter;
Only positivg values:of pressure, i.e. p; or p, > 0, are valid. As a result, at low differential pressures, thefe will
be a discontipuity.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

(B.27)

Oho =0h — Pi
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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

Oro =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 membdr at a critical

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

fFor internal pressure:

—B, £+|B2-44,C
Mgy =20 ° o~o (B.32)

244
vhere
_ D?
° 42
(ZO'a—O'hO)D
BO = =
21
C =0'2+0'2—0'2—0'0'
o > ho v a“ho
2
A 2p; D
ho=————
0 Dz_D;2

For external pressure:

—B, £+|B2-44,C
Mg = o) 0 o“o (B.33)

- 24,
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B,

Co

%ho

_ (ZO'a —Oho +pO)D
21

=6?+02+p’—6,0 +(oho +0a)
a ho po a%ho ho a)Po

2 2
Po(D + D )

D?-D;?

The bending

~ 0,060 1567

moment M, is related to the dog leg severity Digq as follows:

M,

r Digg expressed in degrees per 100 ft, M expressed in inch-Ibs and / in inch4, the cohstant is 436.

B.6 Implementation

B.6.1 Geneéral

The test loa

combination [of loads, pressure (internal and external) and axial,-static tension or compression plus ber

envelope of a pipe string with an undefined connection’service envelope is calculated a

which produges a VME stress intensity in the pipe body or in g critical connection member equivalent to

of the axial t
Although the

are extreme
calculations.

B.6.2 Unia

Calculate the

nsile yield strength, of the material for that member.

calculations for determining the maximum eombination of loads can be performed by hand
y computational intensive. Consequently,”a computer program is suggested to perform
A suggested method of implementationvis given in B.6.2 to B.6.6.

Kial pipe body values

uniaxial (single load) pipe body test load envelope values as shown in B.5.2.2 for:

tension |[Equation (B.1)];

pbressure [Equation (B.2)];
sion [Equation (B.3)];

pressure [Equation (B.4)];

B.34)

5 that
ding,
95 %

they
hese

a)

b) internal
C) compres
d) external
e) bending
B.6.3 Com

[Equation (B.5)].

bined 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

82

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 Lffect of bending is to change, i.e. increase or decrease, the effective axial stress. Thus\it'|s possible to
consfruct a test load envelope (constant VME stress intensity) of pressure and axial force walues with bending.
Based on the computer program developed for B.5.3.2, add a provision to include various spedific values of
bend|ng, then solve for the corresponding pressure value using Equations (B.12) and\(B.13) fof internal and
exterpal pressure, respectively.

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

bendjng stress value as shown by Equations (B.18), (B.19) and (B.20).“I'he equations for p;| and p, thus
become for internal pressure,

By + /Bi —44,Cy,
(B.35)

24,

Pib =
wherg [for Equation (B.35)]

ki2+ki+1

Ay

Bb Uaiab_ki[daiab]

~ _

b = (aaiab)z—av

for external pressure,

~By £\ BRZ44,C
_"Bb b bCb (B.36)

pob 2Ab

wherg [for EqUation (B.36)]

Ah o knz

By =(05% 0p) kg

Cp, =(oy% Gb)2 - GVZ

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 Il 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, fro

The critical
are specifie

three 10 six, cross-sections to define its test load envelope. These critical cross-sections hgve to
be defined bl the user of this International Standard. Table B.2 lists the required data needed to perfori
critical crossi{section calculations.

ross-section (planes) of standardized connections can be readily defined sincé'\thie dimen
in ISO 10422 or API Spec 5B. Furthermore, the dimensions of an industry»-common twg

cylindrical thread, frustum seal, tubing connection, a metal-to-metal and integral joint connection have
made public fhrough engineering data donated to the API.

Most proprietary connection rating charts and sales literature provide sufficient information to constru
approximate| connection test envelope without requiring the disclosure of specific dimensional

considered
of a test env

Additional in
specified crit]
noted in the
connections
establishing

As an exam
coupled (MT
published in
at the first en
the D, of the
D; in ISO 104
and internal
affecting the

Furthermore
property equ
matter to cal

the

sions
-step
been

ct an
data,

nfidential by some proprietary connection manufacturers. The data required for the constriction

lope and its source are tabulated in Table B.2.

formation useful for establishing critical cross-section “*dimensions outside the planes g
cal cross-sections are the thread height, thread taper, and seal taper. Usually, these value
descriptive literature of the proprietary connection. Furthermore, in most cases, propr,
follow a general design pattern. Knowledge, ©f that pattern can be of valuable assistan
he appropriate dimensions for use in the procedures outlined herein.

ple, the threads of most Label 1: 4-1/2 to Label 1: 13-3/8 metal-to-metal seal threaded
C) connections closely follow the-'dimensions of buttress thread coupled threads, whic
ISO 10422 or API Spec 5B. Consequently, one of the critical planes in the coupling, namel

f the
s are
etary
ce in

and
h are
y that

gaged thread, has its dimensions already defined. For the axial stress component, D is mergly 7,

coupling, and D; can be approximated by the major diameter at the end of the pin, designat
22 or API Spec 5B. At this plane, the internal pressure acts on the D, of the pipe, which is K
pressure resistance acgurs all the way to the outside of the coupling. Thus, both the D

axial and the hoop stresses in the connection from service loads are easily established.

most propriefary MTC connections joint strength ratings are derived from the perform

ption. Thusgsince MTC joint strength ratings are almost always published, it is a relatively s
Culate thelouter critical diameter of the pin member.

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

bd as
hown
and ¢

ance
mple

84

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 2
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 gnlarged reproduced copies of the data forms in this annex.

Data|Form C.9, similar to APl RP 5C5 Test load calculation sheet, is included to assist"with c
earligr test results prior to this International Standard.

bmparison to

© ISO 2002 — Al rights reserved
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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 displ;cement Water displ;cement
cm cm
LP step R Speeimen2 Speeimen4 Speeimen2 Speeimen
1 1 5
dyring load change
2 60
dyring load change
3 15
dyring load change
4 15
dyring load change
5 15
dyring load change
6 15
dyring load change
7 15
dyring load change
8 15
dyring load change
9 5
dyring load change
10 15
dyring load,change
11 15
dyring 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)

ISO 13679:2002(E)

Rolling 15 min
VME | Load Hold time Water dicsrf]lgcement 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 foad 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 dicsrf]lgcement Water displgcement
cm

LP step min Specimen 2 Specimen 4 Specimen 2 Specimen 4
2 15
during load change
3 15
dyring load change
4 15
dyring load change
5 15
dyring load change
6 60
dyring load change
7 15
dyring load change
8 15
dyring load change
9 5
dyring load change
10 15
dyring load change
11 60
dyring load change
12 15
dyring load change
13 60
dyring load~change
14 15
duringfoadchange
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
P step R Speeimen Speeimen-3 Speeimen Spgcimen 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 eharige
2 15
during{oad change
9 5
during load change
8 15
during load change
7 15
during load change
6 15
during load change
5 15
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Form C.7 (continued)

Rolling 15 min
VME | Load Hold time Water displ:cement Water displ:cement
cm cm
LP step min Specimen 1 Specimen 3 Specimen 1 Specimen 3
during load change
4 15
during load change
3 15
dyring load change
2 15
dyring load change
1 5
dyring load change
2 15
dyring load change
3 15
dyring load change
4 60
dyring load change
5 15
dyring load change
6 60
dyring load change
7 15
dyring load change
8 15
dyring load change
9 5
dyringioad 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

cm?3
Cycle Time Specimen 1 Specimen 2 Specimen 3 Specimen 4 Barometer
No. 24 h A B A B A B A B
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
TC4 Hot hold
Cooldown
Cool hold
Heatup
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Form C.8.1 (continued)

Bubble tube displacement

Form C.8.1 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
TC5 Hot hold

Cooldown
Coal 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
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Form C.8.1 (continued)

Bubble tube displacement

Form C.8.1 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
TC9 Hot hold

Cooldown
Coal hold

Heatup
C 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

LFoads removed
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Form C.8.2 — Test Series C — Summary of observed bubble tube water displacement —

100 thermal cycles

Bubble tube displacement

Form C.8.2 3
cm

Cycle Time Specimen 1 Specimen 2 | Specimen 3

Specimen 4 Barometer

No. 24 h A B A B A B

A B

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

Injtial heatup

TC 1 Hot hold

Cooldown

Cool hold

Heatup

TC2 Hot hold

Cooldowh

Coolhold

Heatup

TC3 Hot hold

Cooldown

Cool hold

Heatup

TC4 Hot hold

Cooldown

Cool hold

Heatup

100
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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
TC5 Hot hold

Cooldown
Cool hold

Heatup
TC6 Hot hold

Cooldown
Cool hold

Heatup
TC7 Hot hold

Cooldown
Cool hold

Heatup
TC 8 Hot hold

Cooldown
Cool hold

Heatup
TC9 Hot hold

Cooldown
Cool hold

Heatup
TC 10 Hot hold

Cooldown
Cool hold

Heatup
TICA1 Hot hold

Cooldown
Cool hold

Heatup
TC12 Hot hold

Cooldown
Cool hold

Heatup
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ISO 13679:2002(E)

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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ISO 13679:2002(E)

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 21 Hot hold

Cooldown
Cool hold

Heatup
TIC 22 Hot hold

Cooldown
Cool hold

Heatup
TIC 23 Hot hold

Cooldown
Cool hold

Heatup
TC 24 Hot hold

Cooldown
Cool hold

Heatup
TIC 25 Hot hold

Cooldown
Cool hold

Heatup
TIC 26 Hot hold

Cooldown
Cool hold

Heatup
TIC 27 Hot hold

Cooldown
Cool hold

Heatup
TC 28 Hot hold

Cooldown
Cool hold

Heatup
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ISO 13679:2002(E)

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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ISO 13679:2002(E)

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 37 Hot hold

Cooldown
Cool hold

Heatup
TIC 38 Hot hold

Cooldown
Cool hold

Heatup
TIC 39 Hot hold

Cooldown
Cool hold

Heatup
TIC 40 Hot hold

Cooldown
Cool hold

Heatup
TIC 41 Hot hold

Cooldown
Cool hold

Heatup
TIC 42 Hot hold

Cooldown
Cool hold

Heatup
TIC 43 Hot hold

Cooldown
Cool hold

Heatup
TC 44 Hot hold

Cooldown
Cool hold

Heatup
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ISO 13679:2002(E)

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 (continued)

ISO 13679:2002(E)

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

NMC 5

Loads applied

Hold period

Loads removed

TC 51

Hot hold

Cooldown

Cool hold

Heatup

TIC 52

Hot hold

Cooldown

Cool hold

Heatup

TIC 53

Hot hold

Cooldown

Cool hold

Heatup

TIC 54

Hot hold

Cooldown

Cool hald

Heatup

TIC 55

Hot hold

Cooldown

Cool hold

Heatup

TC 56

Hot hold

Cooldown

Cool hold

Heatup
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ISO 13679:2002(E)

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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ISO 13679:2002(E)

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 65 Hot hold

Cooldown
Cool hold

Heatup
TIC 66 Hot hold

Cooldown
Cool hold

Heatup
TIC 67 Hot hold

Cooldown
Cool hold

Heatup
TIC 68 Hot hold

Cooldown
Cool hold

Heatup
TIC 69 Hot hold

Cooldown
Cool hold

Heatup
TC 70 Hot hold

Cooldown
Cool hold

Heatup
TIC71 Hot hold

Cooldown
Cool hold

Heatup
TC 72 Hot hold

Cooldown
Cool hold

Heatup
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ISO 13679:2002(E)

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
TC79 Hot hold

Cooldown
Cool hold

Heatup
TC 80 Hot hold

Cooldown
Cool hold

Heatup
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