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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

Inter|

Interpational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, K

The
adop

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

Atten
rights

ISO 2
for pé

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

main task of technical committees is to prepare International Standards. Draftylnternation
ed by the technical committees are circulated to the member bodies for voting. Publi

tion is drawn to the possibility that some of the elements of this doéument may be the sub,
. ISO shall not be held responsible for identifying any or all such patent rights.

1329 was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshg
ptroleum, petrochemical and natural gas industries, Subcommittee SC 2, Pipeline transportat

ely with the
Part 2.
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Introduction

In some circumstances mechanical connectors provide a lower cost and/or enabling advantage to welded
connectors usually used for pipelines. However, use of mechanical connectors has raised concerns about
pipeline integrity due to the potential for leak paths and absence of a direct method of inspection. In the past,
reassurance of the integrity of mechanical pipeline connectors has relied upon design information provided by

the manufac

urer_the results of finite element analyqiq and Inaq’r m{lnt:\ripnm:\

This Internaf
there is a sig
the test burd
the connecto
accuracy of t

The tests sj
pipeline conr

The first is th
the load env
physical test:

The second

The third is t
connector su

onal Standard is primarily applicable to connectors to be used in a large number, @nd H
hificant burden in the number of connectors that need to be tested. However, it is recognize
en can be reduced in project-specific cases, for example if there is no concern-about fatig
r will not be subjected to fully restrained forces and/or if the connector design is-l€ss sensit
plerance matching of components at assembly.

ecified in this International Standard provide a physical demonstratiofi“of the integrity g
ector. This International Standard has been developed from three main sources.

e Low cost pipeline connector systems joint industry project (JIRJ, (1995-1997)[14], which dé
elopes for pipelines, identified the practical issues of installation, and conducted demonst
5 on three types of mechanical connectors.

source is ISO 13679, which has a parallel function for. downhole connections.

e Connection testing specification JIP, (1999-2000)['5]. The JIP was sponsored by oil comp
ppliers, pipeline construction contractors and design consultants.

ence
l that
ue, if
ve to
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fined

ration
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INTERNATIONAL STANDARD I1ISO 21329:2004(E)

Petroleum and natural gas industries — Pipeline transportation

systems — Test procedures for mechanical connectors

1 cope

This |International Standard specifies requirements and provides guidance for the testing o
conngctors for use in pipeline transportation systems for the petroleum and natural gas’industrie
in ISO 13623.

mechanical
s as defined

The {ests specified in this International Standard are intended to form part ofthe design verification process

for cannectors. They provide objective evidence that connectors conform to @-defined performang

e envelope.

This nternational Standard does not cover the use of design procedures as part of the qualification process

for mechanical connectors, nor does it address fabrication and quality control. However, it car
input|to a qualification procedure.

Although its principles can be applied, this International Standard does not address
a) ¢onnectors that are designed to rotate in use,

b) manifolds,

c) ftopsides pipework or piping,

d) flanges,

e) ¢onnectors used in pipelines-installed by reeling or J-tube pulls,

f)  factory acceptance testing,

g) statistical bases for.tisk analysis.

2 ormative references

The [following referenced documents are indispensable for the application of this documen

be used as

t. For dated
b referenced

refergnces, only the edition cited applies. For undated references, the latest edition of th

document (including any amendments) applies.
ISO 148-1, Metallic materials — Charpy pendulum impact test — Part 1: Test method
ISO 783:1999, Metallic materials — Tensile testing at elevated temperature

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

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

© I1SO 2004 — All rights reserved
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ISO 3183-3, Petroleum and natural gas industries — Steel pipe for pipelines — Technical delivery conditions —
Part 3: Pipes of requirement class C

ISO 6892:199

8, Metallic materials — Tensile testing at ambient temperature

ISO 9327, Steel forgings and rolled or forged bars for pressure purposes — Technical delivery conditions

ISO 13623, Petroleum and natural gas industries — Pipeline transportation systems

ISO 13679:2002, Petroleum and natural gas industries — Procedures for testing casing and tubing
connections
EN 10213, Technical delivery conditions for steel castings for pressure purposes

EN 10222-1,
ASTM A 370
ASTM A 487

ASTM A 694
Valves, and

3 Terms

Steel forgings for pressure purposes — Part 1: General requirements for open die forgings
1), Standard Test Methods and Definitions for Mechanical Testing of Steel Produéts
A 487M, Standard Specification for Steel Castings Suitable for Pressure'Service

A 694M, Standard Specification for Carbon and Alloy Steel Forgings for Pipe Flanges, Fif
Parts for High-Pressure Transmission Service

and definitions

For the purpgses of this International Standard, the following terms and definitions apply.

31

actual yield
yield strengt
the test sam

3.2

application |evel

service loadipg envelope encompassing.a/group of pipeline and riser applications

3.3

batch

group of itgms manufactured-or machined under controlled conditions to ensure consistent che
composition,|processing and-heat treatment such that the group can be considered as a single population
3.4

by agreement

unless othen
order

NOTE

3.5
connector

istrength
n of material determined from specimens“directly related to components used in construct
les

visenindicated, agreement between the manufacturer and purchaser at the time of enquir

fings,

on of

mical

and

Adapted from ISO 3183-2:1996.

mechanical device used to connect adjacent components in the pipeline

1) American

Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, USA

© I1SO 2004 — Al rights reserved
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3.6
galling
localized damage to material surfaces resulting from contact conditions

NOTE Galling can be caused by cold welding of contacting material surfaces followed by tearing of the weld during
further sliding or rotation.

3.7
heat, noun
batch of steel prepared in one steel-making operation

[ISO 45590-1:2001]

3.8
liner
internal layer of a material different to that of the pipe body

NOTE The liner material may be, for example, plastic or non-ferrous.

3.9
load [envelope
limit pf loads (axial, pressure, torsion, bending, fatigue and temperature) within which a connegtor operates
during service or is tested

3.10
manrrfacturer
organization responsible for the design and manufacture ofdhe equipment

NOTH 1 The manufacturer is not necessarily the vendor:
NOTH 2  Adapted from ISO 13707:2000.

3.1
operational restrained test
simulation of the loads due to operational cycling on a section of pipeline that is fully axially constfained

3.12
operational unrestrained test
simulation of the loads due'to/operational cycling on a section of pipeline or riser that is not axially constrained
and may have axial tension’due to self-weight or externally applied tension

3.13
pipeline
thosg facilities through which fluids are conveyed, including pipe, pig traps, components and appurtenances
up toland including the isolating valves

[ISO [13623:2000]

3.14
purchaser
individual or organization that issues the order and specification to the vendor

NOTE The purchaser may be the owner or the owner's agent.
[ISO 13707:2000]

3.15

reverse torque

Z
torque applied during tests to simulate loads that might cause the connector to rotate or unscrew, if applicable

© 1SO 2004 — All rights reserved 3
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3.16
riser

that part of an offshore pipeline, including subsea spool pieces, which extends from the seabed to the pipeline

termination o

n an offshore installation

[ISO 13623:2000]

3.17
seal

barrier that resists the passage of fluids

o001

[1ISO 13678:3

3.18
multiple sea
sealing systd
itself

3.19
specified mj
minimum yie

[1ISO 13623:3

3.20
test sample

assembly of B connector and two pieces of pipe specifically for testing

\VAvivj|

Is

nimum yield strength

000]

4 Symbgls and abbreviated terms

d strength required by the specification or standard under which the material is purchased

m that consists of more than one independent barrier and of which each barrier’forms 4 seal

4.1 Symbpls

Af un opérational unrestrained axial factor

Ag spgcified cross-sectional area of pipe

BE hy bending factor for hydrostatic pressure test

B in bending factor for installation

B un bending facter for unrestrained operation tests
D; spgcified\pipe inside diameter

D, spacifiedpipeouiside-diameter

E, Young’s modulus of pipe

Fre axial force for restrained operation

Fun axial force for unrestrained operation

JuM von Mises' factor

H, depth rating

K load multiplication factor

4 © 1SO 2004 — Al rights reserved
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Ke torque factor

Kec ratio of actual to specified minimum yield stress of the critical connector component material
K, ratio of actual to specified minimum yield stress of the pipe body material
Kgcp stress concentration factor

L length of test sample between inner supports

Ly grip length of pipe

L, unsupported pipe length for test sample

Lg length between scribe mark and coupling on test sample
M, bending moment for installation

Mpy bending moment for hydrostatic pressure test

M, bending moment for unrestrained operation

N, total number of cycles

Dy design pressure

Dex external hydrostatic pressure

PH internal pressure value to be used for testing

Pop operating pressure based on MAOP ‘at-the connector

Pr manufacturer's rated pressure

Dt hydrostatic test pressure

S lowest fatigue stress'range

Sm middle fatigue stféss range

SH highest fatigue stress range

S-N stress.versus number of cycles in fatigue curve

Oax.rd testrained axial stress

Tayc actual yield stress of the connector critical component

Tayp actual yield stress of the pipe body material

Tsyc specified minimum yield stress of the connector critical component
Tsyp specified minimum yield stress of the pipe body material

Tymax Maximum design temperature

Tqmin  Minimum design temperature

Thut maximum test temperature

© 1SO 2004 — All rights reserved 5
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T\t minimum test temperature

Trax maximum rated temperature
Tin minimum rated temperature
Topmax Maximum operating temperature
Top,min  Minimum operating temperature
t specified wall thickness

Imin minimum wall thickness accounting for manufacturing tolerances
0] Poisson ratio of the pipe body

Z reverse torque

Zmu make-up torque

4.2 Abbrgviated terms

CRA cornosion-resistant alloy

FEA finite element analysis

ID insigle diameter

MAOP maximum allowable operating pressure
oD outgide diameter

5 Test categories

5.1 General

Connectors §

hall be tested according to the

— pressurg, temperature-and depth ratings, as defined in 5.2,
— intended application level, as defined in 5.3,
— confider|ce-level as defined in 5.4.

The application level sets the loading and the confidence level the number of test samples. The general
intention of the test is to demonstrate that the connector is stronger than the associated pipe under all

applicable conditions of static and fatigue loadings, and remains leak-tight.
It is recommended that the connectors be tested to the highest application and confidence levels for which

they are suitable. If the loading exceeds that defined in application level 4, the loading to be applied in the test
shall be increased accordingly and recorded in the test report.

6 © 1SO 2004 — Al rights reserved
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Pressure, temperature and depth ratings

Pressure rating

Connectors shall be tested according to the pressure defined in 11.3. The rated pressure shall take into
account any reduction in material strength at the rated temperature. For a specific pipeline or riser duty,
connectors may be de-rated to the pipeline/riser design pressure, py, or MAOP, Pops at the connector location
by agreement.

5.2.2 Temperature rating

Connectors shall be tested to the minimum and maximum temperatures as defined in 11.3!

pipel

conngctor location by agreement.

5.2.3| Depth rating

Connectors intended for use underwater shall be tested according to their rateddepth, H,. Conne
de-rgted to the pipeline/riser operating depth for a specific pipeline or riser, duty at the connector
by agreement.

5.3

A tothl of four application levels are defined, with increasing, severity from application level 1 U

loadi

conngctors for lower application levels.

Anngx A specifies application levels.

5.4

The

incregsing consequence of failure.

ne or riser duty, connectors may be de-rated to the pipeline/riser design or operating temp

Application levels

ng factors for each application level are detailed in Table'1. Testing to a given application le

Confidence levels

pburchaser shall specify the required confidence level. Two confidence levels are defined in

INormal: for temporary cenditions where failure implies risk of human injury, significant ¢
iollution or very high economic or political consequences. For this confidence level, no fre
ctivity is anticipated-along the pipeline route.

IHigh: for operating~conditions where failure implies high risk of human injury, significant ¢
pollution or véry-high economic or political consequences. This is the confidence level requi
vith frequent human activity, e.g. those parts of the pipeline or riser near the platform
populated.with more than 50 persons/km?Z.

or a specific
rature at the

ctors may be
location and

pwards. The
vel validates

Table 2, with

nvironmental
juent human

nvironmental
red for areas
or in areas

© I1SO 2004 — All rights reserved
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Table 1 — Test load factors
Test Subclause Load factor for application level
1 2 3 4
Make, break and torque tests
Torque factor — K¢ 10.5, C.1 0 0 0,05 0,05
Installation tests?
Bending factor — Bg 1.4 0,3 0,85 0,95 0,95
Hydrostaficpressure-tests
Bending factor — Bg hy 11.5 0 1,0 1,0 150
Operatiofal cycles unrestrained tests
Bending factor — Bg 11.6 0,3 0,3 0,9 0,9
Axial factor — Af yn 0b ob ob 0,2
Other
von Misep' factor — £\ C.22 NA 0,96 0,96 0,96
@ Inall fases, if the water depth H, > 500 m the effect of external hydrostatic pressure-shall be considered.
b In thd case of a suspended riser, the connector may have AF un > 0. Allowance should be made for this when defining ap
application level within the range 1 to 3.

© I1SO 2004 — Al rights reserved
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Table 2 — Test requirements, test sample numbers and confidence levels

. Subclause Confidence level
Requirements
reference normal high
Connector geometry and performance data 7.3 In all cases
8 12
Number of test samples to prepare 6.5 numbered 1 to 4 and numbered 1 to 12
9to 12
Test sample number(s)
Make, Repeated make-up and breakout 10.3 1to4 1|to 8
break and -
torqlie Final make-up 10.4 All All
test Reverse torque 10.5 1to 4 1]to 8
Installation tests 114 1to4 1jto 8
Hydrostatic pressure tests 11.5 1to4 1jto 8
Service Operational unrestrained tests 11.6 1,3 1,3,57
load|tests | Total number of cycles, N, 20 00
Operational restrained tests 1.7 2,4 2,4,6,8
Total number of cycles, Ng 20 100
Pressure-to-failure test 12.4 1 1
Limit load | Compression-to-failure test 1233 NA 5
testy Bending-to-failure test 12.5 4 4
Tension-to-failure test 12.2 NA 7
Bending fatigue-to-failure test 13
S, ,see13.2.4 2, 2,6,
Fatique L S 6.9
testg Sy, see 13.2.4 10, 11 10, 11 (3ee NOTE)
S, see 13.2.4 3,12 3.8 12
'All' signifies all test samples shallundergo the specific test.
NOTH In many applications some modes of testing may not be necessary, e.g. where fully restrained conditiong cannot occur,
and Where it may not be necessary to conduct limit compression tests to failure. This would make the third connector available for
fatigup testing.
6 Testrequirements

6.1

General

Connectors intended for a specific application level shall be tested according to the sequence shown in
Table 2.

©1SO
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6.2 Purpose of tests

6.2.1

Introduction

The purpose of the tests is to simulate conditions that can occur during installation, commissioning and
operation. The test requirements comprise four sets of procedures as outlined below. The tests shall be
witnessed either by an inspector appointed by the purchaser or an independent third party. The fatigue-
loading test is optional, and for a specific project it is the responsibility of the purchaser to define the fatigue

loading.

6.2.2 Make, break and torgue tests

The make-a
repeated ma
which could

nd-break procedures determine the ability of the connectors to resist wear and galling @
ke-up, if applicable. The torque procedures assess the ability of the connector to fesist to
Cause the connector to become undone or else cause loss of sealing integrity.

6.2.3 Service-load tests

The service-
loads on a
cycling on a

oad tests simulate the installation loads, the hydrostatic pressure testloads, and the opera
connector. For example, operational unrestrained tests simulate the ‘loads due to opera
portion of pipeline or riser that is not axially constrained and may have axial tension due tg

weight or externally applied tension. Operational restrained tests simulate theloads due to operational ¢

on a portion

6.2.4 Limit

Limit-load te
important fo
correlating w

tension-
during o

compres
loads du
buckling

pressurg
pressurg
external

bf pipeline that is fully axially constrained.

tload tests

5ts are conducted to establish the structural and sealing limits of the connector. These limi
establishing the reliability limits of connectors,under field conditions, and are also usef
th strain gauge and finite element analysis results. Procedures are given for the following:

o-failure test, which applies to pipelines where there is a risk of inducing a high tensile
beration;

sion-to-failure test, which applies 'to pipelines where there is a credible risk of high compre
ring operation, particularly if used with axial strains beyond yield, or where there is a risk of
of the pipe;

loads during opéeration. These tests give a measure of the margin of safety against interng
overpressurization, the latter only being required for deep-water pipelines and risers.

6.2.5 Bending-fatigue tests

The fatigue
minimum nu

est is'a full-scale design verification test requiring the connector to achieve without failur

|

uring
rque,

ional
ional
self-
cling

S are

ul for

load

ssive
local

-to-failure test, which“applies to pipelines where there is a credible risk of high internal or exfernal

| and

e the

ber of stress cycles predicted by the manufacturer.

The purposes of the fatigue test are to

a) verify the manufacturer’s prediction of the fatigue performance,

b)

6.3 Basis

allow the purchaser to select a connector with sufficient fatigue strength for the required duty.

for mechanical loads

The performance of the connector as determined in this International Standard shall be related to actual yield
values, o,y rather than to specified minimum yield values, ogyc.

10
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In addition, the mechanical loads applied to the connector according to the requirements of this International
Standard are based on the specified minimum yield stress, Tsyp and physical dimensions of the pipe body.

Consequently, the test loads are adjusted up to take into account the actual material strength being greater
than the minimum. This is done by applying a load factor to the calculated loads based on the ratio between
actual and specified yield stress.

The tests carried out in accordance with this International Standard shall determine the

— actual yield strength of the critical connector component material, oy in accordance with 7.6.3,

gctual yield stress ogyp, of the pipe body used in the test sample(s) in accordance with 7.6.3.

Factars shall be determined in accordance with Equations (1) and (2).

K oo = 22 (1)
Osyc
wherg
K.. s the ratio of actual to specified minimum yield stress of the-critical connector compongnt;
Payc IS the actual yield stress of the critical connector component;
Psyc is the specified minimum yield stress of the critical connector component.
K, =22 (2)
Syp
wherg
Ky is the ratio of actual to specified minimum vyield stress of the pipe body material;
Payp is the actual yield stress of the pipe body material;
Bsyp is the specified-minimum yield stress of the pipe body material.

The I1echanica| loads applied in the test shall be multiplied by the factor K, which is the lesser of K, or K¢ for
the r¢levant materials.

The flactor K-is applied in the calculation of loads given in Annex C.

6.4 “Test-house selfection

The testing facilities shall satisfy the requirements in Clause 8. The testing shall be carried out either by a test
house independent of the manufacturer, or by the manufacturer with independent verification.

6.5 Selection of tests and number of test samples

The test samples shall be numbered as shown in Table 2 and shall retain their designated number throughout
the tests.

Table 1 defines the load factors to be applied during the tests for a given application level. The test shall take

into account external hydrostatic pressure if the specified depth exceeds 500 m. Tests to take into account
external pressure at shallower depths may also be carried out if specified.

© 1SO 2004 — All rights reserved 11
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Tests shall be carried out in the lifetime sequence of loading of the connector, as shown in Figure 1, for each
test sample, i.e. running from top to bottom of Table 2.

Tests on diff

erent samples may be run in parallel. If the same service-load test is required on multiple test

samples, a single assembly of those test samples may be used.

The number

of tests and test samples may be reduced for a particular application level if it can be shown that

there is no need to carry out the tests.

EXAMPLE

Tests to simulate high installation and operational restrained-loading conditions may not be applicable for

a connector intended for use on a spool piece. Similarly there is no need to test for bending fatigue if it can be shown that

; for nys\mpln due to vortex-induced \/ihrafinn, willLnhot occur

fatigue loading

If tests are [
pipe shall be

roject-specific, pipe of the same dimensions, tolerances and material properties asthe’ pfoject
used for the tests.

NOTE Annex F provides guidance on the choice of sizes to be tested if multiple sizes of connéetors are used in a

project. Annex

6.6 Addit

The purchas]
applications.

a) connect
b) misalign
c) rapid co
d) severes
e) fire expg

f) compreg

g) crevice
h) impact;
i) J-lay.

6.7 Prior

Prior conneg

F also indicates how the results of testing can be extended to other sizes and grades, of.connector.

onal tests

er should consider the additional tests described in Annex G for eonnectors subject to special
These applications can include, but are not limited to, the following:

brs with elastomeric seals;
ment at make-up;

bl-down conditions;

our service;

sure;

sion beyond yield;

orrosion;

test results

tortest results meeting the requirements of this International Standard may be substituted for

repeat tests.

12
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Figure 1 — Flow diagram showing test sequence, with relevant subclause number
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7 Connector manufacturer requirements

7.1 General

The manufacturer shall issue a declaration of conformity stating that the connectors manufactured for the
purpose of these tests are of the same design, temperature and pressure ratings and extremes of tolerances
(see 7.5) as those to be supplied for pipeline service.

NOTE ISO/IEC Guide 22 contains information on declaration of conformity.

7.2 Qualitycantrol

Quality contrpl procedures for the manufacturing of test samples shall be documented and shall be-Consjstent
with procedufes used for connectors manufactured for pipeline service.

The manufagturer shall provide a quality plan. This shall include procedure or drawing numbers as wgll as
associated revision levels for all applicable sub-tier documents (e.g. manufacturing, ‘gauge calibrption,
gauging prodedure, surface treatment, etc.).

7.3 Connector geometry and performance data

The manufagturer shall provide connector geometry and performance data- (see Annex B) describing the
connector’s [geometry and performance properties in terms of tensién,”compression, internal predsure,
external pregsure, bending and torque. The data shall also specify the minimum failure loads for the conrfector
and identify the component that is the cause of failure.

The data shall specify the make-up torque or force and speed of make-up if appropriate. If the applicatjon of
pipeline torgiie can cause damage to the connector, e.g. screwed connector, the manufacturer shall specify
the torque rafing of the connector.

The manufagturer shall identify the critical dimensions*and tolerances in the data provided. In addition fo the
data requireq herein, the manufacturer should document other data, e.g. seal material limitations, consiglered
pertinent to these tests.

The manufagturer shall develop a minimum- failure load or load surface for load combinations. The gctual
failure load cian then be used to determing’the safety factor.

7.4 Selection of diameter
The test confectors should e)of the same size as intended for the pipeline service.

NOTE Gtiidance on-est sizes and extrapolation of test data to other sizes is given in Annex F.

7.5 Setting tolerances

7.5.1 Worst-case performance objectives

For design verification, connectors shall be tested at the worst-case configuration and condition determined
from drawings, quality plan, running/doping procedures, make-up torques/forces, etc.

The manufacturer shall use analytical, computational [such as finite element analysis (FEA)], and/or
experimental techniques such as strain-gauge testing to provide objective evidence that the extreme
dimensional configurations of the product resulting in worst-case performance are tested.

To select worst-case performance objectives, the manufacturer shall take into account the minimum and
maximum extremes of local seal contact pressure, total seal load, and total active seal contact length as
influenced by machining parameters. For threaded and coupled connections, side A and side B shall be
machined to identical dimensional objectives.

14 © 1SO 2004 — Al rights reserved
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The specific machining dimensions depend on the type of connector.

Machining tolerances shall be set by the manufacturer to produce the worst-case performance of the
connector, including, but not limited to, considerations of the tolerances on

seal interferences,
pin nose thickness,

surface roughness,

[

[

7.5.2

As a
Table
have
Tablg
Tablg

read tapers,

hread interferences.

Example of machining tolerances

h example, for metal-to-metal sealing, tapered thread, connections with pin nose torqu
3 shows combinations of seal and thread diameters, thread tapers @nd final make-up td
been found to provide the worst-case performance extremes cortesponding to the test
2. For this type of connection, the manufacturer should machine the specimens to the
4 unless the techniques described in 7.5.1 indicate other tolerances should be tested.

Table 3 — Example of test sample tolerances

e shoulders,
rques which
objectives in
extremes in

Test;ample Body Seal Torque Lubricant Pin body Box body Migalignment
o. taper taper
12 High Low High Low Slow® Fast® None
2b Low High High Low Fast Slow None
3 Low Low Low, Low Slow Fast Maximum
4 High High High High Nominal Nominal None
5 High Low High High Slow Fast None
6 Low High Low Low Fast Slow None
7 Low Low High Low Slow Fast None
8 High High Low High Nominal Nominal None
9-12 Nominal [ Nominal Nominal Nominal Nominal Nominal None

1

1

‘Fdst: refers to a steep taper that enables rapid make-up; “slow” has a shallow taper and takes longer to make up.

olerances téest for body galling.

oleranees.test for seal galling.

©1SO

2004 — All rights reserved
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Table 4 — Tolerance limits on machining objectives

Item Positive tolerance Negative tolerance
Maximum body tolerance No limit 0,025 mm (0,001 in)
Maximum seal tolerance No limit 0,025 mm (0,001 in)
Minimum body tolerance 0,025 mm (0,001 in) No limit
Minimum seal tolerance 0,025 mm (0,001 in) No limit
Maximum pin/body taper (fast) No limit 0,001 mm/mm (0,001 in/in)
Minimum '\in/hndy f:\lr_\nr' (eln\n/) ﬁ,ﬁﬁ’l mm/mm (ﬂ’ﬂﬁ’l in/in) No limit

Taper incre]

ments shall apply to every incremental measurement of taper along the body

7.6 Conn

7.6.1

As a minimum:

connect

the man

material

For integral g

7.6.2 Mate

If the critical

in accordanc

NOTE 1

If the critical
accordance
largest pract

NOTE 2
If the critical

in accordang
pipe joint.

Gengdral

Fq

Fa

pctor material requirements

br material shall be from one batch;

Lifacturer shall provide material mill certificates for the materials used in the connector;
shall be in compliance with material specification.

onnectors, material for both pin and box shall.come from the same heat.

Fial properties

connector component is made from forged material the manufacturer shall provide test col
e with EN 10222-1 and 1ISO 9327.

r the purposes of this provisien, ASTM A 694/A 694M is equivalent to EN 10222-1 and ISO 9327.
connector component'is’'made from cast material, the manufacturer shall provide test coupdg
cal round coupen,-conforming to ISO 148-1 or ISO 6892, shall be used.

r the purposes of this provision, ASTM A 370 is equivalent to ISO 148-1 or ISO 6892.

conneector component is machined on steel line pipe, mechanical test coupons shall be pro
e with'1SO 3183-1, ISO 3183-2 or ISO 3183-3. The coupon shall be taken from the middle

pons

ns in

vith EN 10213 or ASTM A 487/A 487M respectively. Either a strip coupon (recommended) ¢r the

vided
bf the

If the connector is manufactured from a material other than carbon steel, those references that are specific to
steel shall be replaced by the most relevant standard for the connector material.

For each set of test samples the connector material properties shall be determined in accordance with 7.6.3.

The ratios of

16

yield stress K, shall be determined in accordance with Equation (1), see 6.3.
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7.6.3 Procedures for material testing
The following procedures shall apply.
a) A tensile test shall be performed at room temperature in accordance with ISO 148-1 or ISO 6892.

NOTE For the purposes of this provision, ASTM A 370 is equivalent to ISO 148-1 or ISO 6892.

b) A further tensile test shall be performed at 7,,,,,. The actual coupon temperature shall be monitored and
reported in accordance with ISO 783.

s > stevate serature—tests—st = reported on
eparate materlal property data records see Table D.1. The stress- straln curves shall be ‘atfached to the
dlata record.
Consideration needs to be given to the limits of qualification of a connector if, within a“specific stfength grade,
high-gtrength pipe is tested. Consideration needs to be given to the possible’ effects of anisotropy on

mechanical properties and of residual stress in cold-worked CRA pipe (see 1SO™13680 for information). Axial
tensile testing may not be sufficient to adequately characterize the pipe.

7.7 | Preparation of test samples

7.7.1| Test sample layout

The lpyout of components making up the test sample is shown.in Figure 2.

Q" )@

L 5 L

G 1T

Key

1 pin or hub

¢oupling or clamp

2
3  integral coupling

4 pipe piece to which pin or integral coupling is joined
5

weld of connector pin or hub to pipe piece
NOTE 1 The connector comprises items 1, 2 and 3. The test samples comprise items 1 to 5.

NOTE 2 A test sample connects at least two pieces of pipe pups (i.e. one coupling or clamp and two pins or hubs for
coupled connectors, or one box and one pin for integral connectors).

Figure 2 — Test sample layout

© 1SO 2004 — All rights reserved 17


https://standardsiso.com/api/?name=d1be87265631a97b739dff91112372d2

ISO 21329:2004(E)

7.7.2 Length of test samples
For each individual test sample, each pipe piece shall have as a minimum:

a) an unsupported pipe length Ly, (see Figure 3) calculated from the following formula:

Ly > Do +6,[Dyt (3)
where
D, is the-speeified-pipe-outside-diameter;

[0} Ty
t is the specified wall thickness.
b) additional length for gripping.

The test houge may also require a certain minimum length of test piece to fit its equipment,

1 3 L Z

} < \ I/ \1 %

a) Coupled connector test sample

b) Integral connector test sample

Key

1 pin — A side
2  pin—B side
3  coupling — A side
4  coupling — B side
5

integral coupling — B side

The connector number shall be clearly identified on each component.

Figure 3 — Test sample nomenclature
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7.7.3 Connectors made from machined pipe

If connectors are made from machined pipe, the connector test samples should be manufactured in a manner
consistent with standard mill and thread practices as follows:

a)
b)

c)

machine connectors for upset pipe on upset pipe;
machine connectors for swaged pipe on swaged pipe;

machine flush connectors for as-rolled pipe on as-rolled pipe.

Conr

ector testsamptes Tmay be Tmanufactured fronmr materiat-stock by mmachiningextermatupset

the product configuration. If the upsets are machined, the length and depth of the configuratid
normglly machined shall be to the minimum dimensions allowed by the manufacturer.

7.7.4] Additional pipe pup piece

It maly be necessary to weld the connectors to a pipe pup piece to provide the. required length o
as dgfined in 7.7.2.

If applicable, the connectors shall be welded to pipe pups having the same size and the same sp
that Used in service. The pipe pup piece shall be manufactured consistent with standard mill pract

NOTE The assumption is made that the pipe has been designed to withstand the service loads, e.g. ex
if applicable, that are applied in Clause 11.

The

velding of the connector pin or hub to the pup pieces shall be in accordance with procedures

the cpnnector manufacturer as agreed with the user.

With
a)
b)
c)

d)

e)

The

regard to the additional pipe pup pieces, for each set of test samples the following apply:
all pipe pup material shall come from one-batch;

material mill certificates shall be qbtained from the suppliers of the pipe pup pieces;

Il pipe pup material shall b€ in*compliance with a specified material specification;

e actual minimum pipe pup body wall thickness shall be within the tolerance allowed by
[SO 3183-2 or ISO 31883-3;

e pipe pup material properties shall be determined in accordance with 7.6.3.

atios of yield stress K, shall be determined in accordance with Equation (2), see 6.3.

7.7.5| -Grooved torque shoulder

5 to replicate
n that is not

f test sample
Ecification as
ices.

ernal collapse

specified by

ISO 3183-1,

For connectors with a torque shoulder on the front of the pin, the A ends (B ends for integral connections) of
test samples 1, 3, 5 and 6 shall have torque shoulders grooved as shown in Figure 12 of ISO 13679:2002 in
order to simulate possible handling damage. Grooves shall be applied before first make-up. Other test
samples may have the torque shoulder grooved by agreement.

Other types of connector may also have the torque shoulder crippled by agreement.

© I1SO 2004 — All rights reserved
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7.7.6 Multiple seals

If multiple metal or resilient seals are arranged in series, the additional seals (extraneous seals) not providing
the primary sealing function shall be bypassed. This shall include torque shoulders that cannot be disabled
with porting. Disabling of the seals shall consist of a positive-pressure bypass with a minimum structural
disturbance of the connector. All bypassing grooves shall be deburred. If an extraneous seal does not prevent

pressure from reaching the primary seal, it shall not be disabled.

7.7.7 Test sample labelling

The test samples shall be clearly identified before delivery to the test house, taking into account the

requirementg

Figure 3 pres
designed to

up configuration.

7.8 Ports

For connectd
should be in
pressure is g

of b.o and lable 2.

ents information for a set of test samples and the nomenclature to be used. The nomenclat
dentify each set of test samples, each test sample in the set, each pin and box, and.€ach n

rs with multiple seals that have not been disabled or bypassed, a¢port for pressure moni

pplied to the connector.

ire is
hake-

oring

serted between each adjacent seal and the pressure recorded Whenever internal or exjernal

If appropriat¢, the port shall be plugged during make-up of the connéctor. The plug shall be flush with the

inside surface of the connector.

NOTE Tgsting seals individually enables an understanding of*connection seal redundancy, evaluation of seal
independence|and the effect of the resilient seal on the metal-to-metalseal.

7.9 Replacement test samples

If a test sanjple is damaged before testing is completed, a replacement test sample is required. Thi$ test

sample shall
required for

samples shdll be identified by “R1” afterithe “A” or “B” identification, see Figure 3, the first time the

reworked, “R

7.10 Testn

The manufag
to qualify a g
reporting do
cessation of

he original test sample shall be repeated. Replacement and/or re-machined components @

P” the second time they arereworked, etc.

ecord retention

turer is required. to maintain a file on each test, including any retest that may have been reg
articular copnector. As a minimum, this file shall contain sufficient documentation to satisf
umentation requirements as described in Annex E and shall be maintained until 10 years
manufacture.

The test resy

be machined and assembled to the same tolerances as the damaged test sample, and all tgsting

f test
y are

uired
y the
after

Its~shall be assembled into a test report. All photographs specified in this International Sta

hdard

shall include

Iaentimication ot significant ltems snown In the pnotograpns and shall be Included In the test

8 Test-house preparations

8.1

General

eport.

The test house conducting the tests shall either be accredited by a recognized national or international

accreditation

NOTE

20

organization or comply in full with 8.2.

Typical test-house standards are ISO/IEC 17025, EN 45001, EN 45002 and EN 45003.
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The test house shall provide the following:

— set-up details for each test;

— step-by-step procedures for each test;

— calculated loadings for each test;

— any planned deviations from this International Standard.

The test house shall keep a log of the testing undertaken on each connector, detailing the dates and times of

each

8.2

8.21

Befolte testing begins, load frames to be used for the tests shall be in cdlibration. In additig

many

thernmpocouples, shall be calibrated periodically. Copies of valid calibration test reports for the

temp
inac

8.2.2
Each|
comg

stand

The

calibfation load to the maximum calibration-load, defined as the loading range. The minimum c3

is de
+19
rating
maxi

The percent error, E

wher

step in the procedure and any anomalies that occur during testing.
Calibration requirements

Equipment calibration

facturer or test-house experience, measuring and recording instruments, such as pressurg

brature-, pressure- and torque-measuring devices shall be retained in the connector summa
cordance with Annex E.

Annual calibration of load frame
load frame used in an axial-load or combined:load test shall be calibrated in both
ards.
calibration shall consist of two passes of*a-minimum of 10 equal increments, ranging from
ined as the lowest load, usually 10-%.0f the maximum load, that the frame will repeatedly cz
error. The minimum frame calibration load shall not be greater than 50 % of the tension or
of the connector being evaluated. The maximum frame calibration load shall be gred

mum anticipated failure load of‘the test sample.

rp» for calibration of the loading frame is calculated as follows:

E Ii I'g
=
Fa

a)
-

n, based on
gauges and
load frame,
'y test report,

tension and

ression modes at least annually with devicessuch as load cells, traceable to appropfiate national

the minimum
libration load
librate within
compression
ter than the

iCAis the indicated load;

F5 s the actual load.

The percentage error for all loads within the loading range of the frame shall not exceed + 1 %.

8.2.3

Load frame verification

If the load frame is subjected to unusual loads, such as applying a load beyond the calibration range or a
failure occurs at an unexpected load that could indicate a calibration problem, the calibration bar shall be used
to verify the load frame calibration. This calibration bar shall be traceable to appropriate national standards
and certified annually in accordance with the requirements in 8.2.2. Alternatively, a full annual calibration can
be performed.

©1SO
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8.2.4 Pressure transducer calibrations

Each pressure transducer shall be calibrated annually, and should be recalibrated prior to each test. The
percent error for pressure within the loading range shall not exceed £ 1 %.

8.2.5 Make-up/breakout tool calibrations

The make-up tool shall be calibrated annually. The percent error for torque within the loading range shall not
exceed + 1 %.

8.3 Press

All service-I
pressurizatio
of gas and re

All load-limit

other solids-free liquid.

9 Leakd

9.1 Leak-

Leak detectiq
For some cq
between a p
be provided.
EXAMPLE 1

EXAMPLE 2
spectrometry

Visual mean
short duratid
continuous v

The test hou

9.2 Leak-

When undert

izati i
bad pressure tests as shown in Table 2 shall be conducted using nitrogen gas-a$ the
h medium, except in the case of hydrostatic tests. Filler bars shall be used to reduce|the vglume
duce the risk to the safety of test personnel where appropriate.
tests, hydrostatic tests and external pressure tests shall be conducted using fresh water, oil or
etection
detection methods
n involves both gas-detection and water-detection methods.
nnectors it is possible to detect leakage by measuring pressure build-up in a closed vglume
fimary and a secondary seal. If this is not possible, alternative means of detecting leakage| shall

An illustration of a method of gas-bubble,detection is shown in Figure 4.

Alternatively, a tracer gas such as helium can be used, with a sniffer based on gas chromatography or
ystems.
5 of leak detection may be used for the hydrostatic pressure and limit-load tests because of their
n. For the fatigue teésts; an automated means of leak detection should be provided pince
sual observation is\not possible.
5e shall proposéumeans of leak testing in accordance with the requirements of 9.2.
Hetection/sensitivity
aking a liquid test, the leak-measuring system shall be capable of measuring a leak as smgll as

-min_fi i ' - ' Il be

0,9 cm3 withi

capable of measuring a total leak as small as 1 x 10~4 cm3/s at standard conditions.The source of leaks shall
be identified. If leakage is generated from a source outside the connector, leak paths shall be blocked off and
testing continued.

NOTE

A sensor, calibrated to detect the tracer gas, can be used to verify that the bubbles detected are coming from

the pressure medium and not from the lubricant de-gassing or thermal expansion of the connector or the test equipment.

9.3 External pressure leak detection

External pressure leak detection is recognised as more difficult and less accurate than internal pressure leak
detection. All external pressure tests shall be conducted with fresh water. A suitable method of testing is

described in

22

ISO 13679.
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1 pin

2 goupling or clamp

3  high-temperature-resistant silicone rubber sealant

4  gonnector leakage captured by metal leak detection chambers

a $ample pressurized with helium-nitrogen mixture.
b leaks appear as bubbles’in inverted cylinders filled with water.

¢ Collected gas latér analysed for helium. The presence of helium confirms connector leakage.

Figure 4 — Leak detection method

10 Make-and-break testing

10.1 General requirements

10.1.1 Approach

Test samples shall be made up or broken out in accordance with the field make-up procedures, using the
same types of tooling or equipment, specified by the manufacturer.

10.1.2 Data recording

The make-up and breakout procedures and results shall be recorded in accordance with Table D.4 and
Annex E. Graphs shall be plotted such that they are legible and at a scale covering the range of the test.
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10.1.3 Orientation

Test samples shall be made up horizontally or vertically to match their intended use.

10.1.4 Lubricants

If a lubricant is needed for the make-up of the connector, the manufacturer shall specify the type and the
amount to be used, with tolerances. The lubricant shall be the same as that used in field applications and shall
be used for all test samples. The manufacturer shall also specify the areas to which the lubricant shall be

applied.

NOTE TH

10.1.5 Non-

If a connectd
tests shall ng
reversible cd
after make-u

10.1.6 Brea

Test sample
sample, the

10.1.7 Inspection

The test sam
recorded an
Galling to th
included in th

10.1.8 Refu

Following ea
manufacture

10.1.9 Torq

If applicable,
make-up in g

10.2 Make

e term “lubricants™ also includes sealants and environmentally triendly “green” lubricants.

breakout requirements

r is non-reversible by design, or if reversibility is a capability but not a requirement, the bre
t apply. The connector shall then be made up only once, as described in 10.4:An additiona
nnector may be made up in accordance with the manufacturer’s procedureand then sect
b to ensure that no galling or gross distortion has occurred.

xout

=]
oupling shall be gripped to ensure breakout of the intended\side of the connector.

ples shall be inspected following each breakoutr,Connector non-conformance or damage sh
| correlated with the torque versus make-up, position plots to enable evaluation of the ¢
b connector or pipe shall be photographed prior to refurbishment, and the photographs sh
e detailed test report in accordance with-Annex E.

‘bishment

Ch breakout, critical connectol components may be refurbished. Only techniques stipulated &
[ for field use shall be used for refurbishment.

e shoulder and seal crippling

torque shoulder’and seal crippling according to 7.7.5 should be performed just prior to th
rder to minimise influence on make-up or breakout performance.

up.method

bkout
non-
oned

shall be broken out according to the manufacturer’s pracedure. During breakout of th¢ test

all be
huse.
all be

y the

b |ast

10.2.1 General

10.2.2 and 10.2.3 refer to the make-up of connectors that require a load to be applied in either the rotational or
axial direction relative to the connector body. If a connector system uses an alternative make-up method, the
criteria required for these tests shall be adapted to suit the actual make-up method.

10.2.2 Rotationally made-up connectors

10.2.2.1

Make-up torque

The test samples shall be made up according to the manufacturer's procedure. The make-up torque values
specified in the test procedures shall be the maximum and minimum recommended by the manufacturer.

24
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The value of maximum torque specified in the test procedures shall not be less than 95 % of the maximum
value recommended by the manufacturer.

The value of minimum torque specified in the test procedures shall not be more than 105 % of the minimum
value recommended by the manufacturer.

If the actual make-up torque lies outside these values, the connector shall be broken out and re-made.

10.2.2.2 Make-up speed

The manufacturer shall specify the make-up speed range. Connectors shall be made up within that range.

10.2.2.3 Plots

The make-up torque shall be monitored and recorded on torque-turn plots with a resolution of af least 1 % of
the maximum torque and 1 % of a turn. All plots shall be retained and included in the-detailed fest report, in
accordance with Annex E.

Each| plot shall be annotated to identify the test sample label (see 7.7.7),(make-up number, date, time and
obsefvations at the time of make-up.

10.2.

10.2.

3 Axially made-up connectors

3.1 Make-up force

The {est samples shall be made-up according to the manufacturer's procedure. The make-up and breakout

force

manyfacturer.

The

alue of maximum force specified in thextest procedures shall not be less than 95 % of t

valug recommended by the manufacturer.

The
value

If the

10.2.

alue of minimum force specified in'the test procedures shall not be more than 105 % of
recommended by the manufatturer.

3.2 Make-up velocity

The manufacturer<hall specify the velocity range for make-up. All connectors shall be made up

of thd

10.2.

maximum_ Yecommended velocity.

3.3 . Plots

Make-u

un-and hraakout forces-shall hba-maonitored-and-recordaed-on-force-nlotswith- a2 resolution-o
SHReBfreakott1orce8s—shar—beohrHtoreaahRa+Fecora8c-oR1orce-piotsWhAaFesSoitHoR©

5 specified in the test procedures shall be the maximum and minimum values recommgnded by the

he maximum

the minimum

actual make-up force lies outside the acceptable value, the connector shall be broken out afd re-made.

ithin = 10 %

at least 1 %

of the force. All plots of force versus make-up and breakout position shall be retained and shall be included in
the detailed test report, in accordance with Annex E.

Each plot shall be annotated to indicate the test sample, pin-end and box-end, make-up number, date, time
and observations at the time of make-up.

©1SO
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10.3 Repeated make-up and breakout

This test is for wear and galling resistance. Non-reversible connectors are exempt, see 10.1.5. The following
steps shall be carried out.

Make up the test samples according to the requirements of 10.2.

where applicable.

Use the maximum make-up torque Z,, for each rotational connector to provide input to Equation (C.1),

Break out the connectors and record the breakout torque, where applicable, on the "Test sample make-

a)
b)
c)
up/break
d) Afterea
e) Refurbis
NOTE
f) Repeat
out.
10.4 Final
In the final

assemble thg A and B ends identically. The following steps shall bescarried out.

a) Make up

b) Recordt

10.5 Reverse-torque tests of non-rotational-make-up connectors

These tests
connector to

outdata“, Table D4

h light galling as allowed in the manufacturer’s procedure.
Light galling is galling that can be repaired by the use of fine files and/or abrasive paper.

he above sequence, a) to e), to give a total of five make-ups; the connector shall be left b

make-up

make-up, the connector is assembled ready for testing»'In the case of coupled conne

the test samples according to 10.2 with tolerances as specified in Table 3.

ne results in the "Test sample make-up/breakout data", Table D .4.

determine the resistance of the-connector to reverse-torque loading, which could caus
either undo or otherwise disturb the sealing faces during installation and operation.

Ch breakout, clean the pin and coupling and inspect for galling. Galling shall be photographed.

oken

Ctors,

B the

If make-up fequires rotation of thesconnector body, the reverse-torque capability shall be determingd by

comparing th

If make-up d
determined

connector m
to the requirg

e breakout torque with'the make-up torque using the criteria given in 10.6.2.

by applying_adtorque with a magnitude derived from Equation (C.2) and holding for 1 h
by be broken out to enable inspection of the sealing surfaces and then made up again, accg
ments.ofi10.4.

10.6 Acceq»tance criteria

oes not require_rotation of the connector body, the torque resistance of the connector may be

The
rding

10.6.1 Make-up and breakout tests

The connector passes the make-up and breakout tests if it exhibits no damage or only light galling. Any
heavier galling is not acceptable (see 10.3).

The reason for galling shall be evaluated. If the cause of the galling can be proved to be other than design, a
minimum of two replacement test samples shall be re-tested through the make-up and breakout sequence, to

confirm acce

26

ptance. If the galling problem cannot be resolved, the connector shall have failed the test.
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10.6.2 Reverse-torque tests

For rotational make-up of connector body, the minimum breakout torque of each connector as determined in
10.3 shall be higher than the larger result of Equations (C.1) and (C.2).

For connectors that do not require rotational make-up of connector body, no rotation of the connector, damage
to sealing components or gross distortion shall be permitted.

11 Service-load test

1.1

11.1.

The test shall use a bending device that gives a constant bending moment across;the connector|

for th

singleé- or multiple-sample testing. A four-point bending rig is acceptable; a three-point bendi

acce
shall
gaug
and
Spots
moni
calcu
The
Anne

11.1

If a pressure chamber is placed around the-connector, the end seals of the chamber shall b

flexib

1.1

A pre

of the test sample. The préssure transducer shall be located at the test sample and not at the

press

.2 External pressure test

.p Pressure monitoring

Set-up

1 Bending-moment calculation and control

e distance L shown in Figure 5. L, is defined in 7.7.2 and L is the grip length. This shal

btable. The pipe shall be of constant cross-section between the outer lgad points. Strain-ga
be attached to the test sample(s) at each of the locations shown in. Figure 5. A minimum
s shall be arranged at 90° intervals in the 12, 3, 6, and 9 o’cleck-positions, to pick up the
peak bending strains. Additional strain gauges may also be attached to monitor stresses

. The position/orientation of each gauge shall be documenfied. Other instrumentation ma
or bending if its accuracy can be shown to be equivalent to four biaxial strain-gauge
lation of moment distribution shall be generated for the*actual load-frame configuration and
moment distribution shall be verified by taking strain<gauge readings and reported in acc
X E.

le to allow deflection of the pipe at thé-bending load.

ssure transducer shall be_connected to, and measure the pressure in, the internal and ext

ure.

NOTE

tests.

.# Load application

and beyond,
be used for
hg rig is not
uge rosettes
of four strain
neutral axis
bt design hot
y be used to

rosettes. A
test sample.
brdance with

e sufficiently

prnal cavities
source of the

ress rates of

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

Loading and pressurizing the test sample may be performed continuously or intermittently. In the case of
intermittent loading and pressurizing, the rates between load and pressure increments shall not exceed the

stipul

ated rates.

In combined-load testing, the total axial load is the sum of the load-frame axial load plus the pressure-induced

axial

©1SO

load.
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F 1 Ly/2 Ly/2 5 F
a \ / \ a
k\ b \c },/ f d/ b
F
L/Z
Lg L Lg
a) Single sample
Ly Ly
F 1 Ly/2 3 Ly/2 L 3 Lp/2 2 F
a a
y 1/ 1
k\ \ !\ . /
4 | d b
F ! f F
- L/2
!
Lg L Lg
b)._JMultiple sample
a8  OQuter load point.
pin A ®  Inner load point.
pin B ¢ Position of strain gauge plane for pin A.
coupling d  Position of strain gauge plane for pin B.
pipe pup [connecting pin/A ‘and pin B e Position of strain gauge plane for item 4.
reaction force. f Position of centreline.

Figure 5 — Four-point bending arrangement
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11.1.5 Data recording

Record the pressures, axial load, deflection and temperature continuously versus time. The test record should
allow space for annotations. Retain these data in the report in accordance with Annex E.

Plot graphs such that they are legible and at a scale covering the range of the test.

11.2 Confirmation of seal integrity

For some connectors it is normal practice to confirm seal integrity before carrying out the hydrostatic pressure
test in the field. If applicable to enable an evaluation of the integrity of the primary seal, pressurize the volume
betwgen two adjacent seals prior to carrying out the service-load tests. If applicable, at the apprppriate stage
in thg testing sequence, i.e. before installation or before hydrostatic pressure testing, the testthouge shall carry
out the following procedure.

Pressgurize the volume between the seals using fresh water. The rate of pressure increase and magnitude of
final [pressure shall be in accordance with the manufacturer's documentation and”Annex B. Maintain this
presgure for sufficient time (minimum of 5 min) to demonstrate that there is no Jeak

NOTH The application of pressure can load the seal in the “wrong” direction;which could affect the subsequent
perfofmance of the seal.

11.3| Selection of test pressures and temperatures

11.3.1 Tests at rated depth, pressure and temperature

If testing is carried out at the manufacturer's maximum ahd minimum rated pressures and temperatures, the
following shall apply:

(HT = Tmax (4)

/LT = T'min )]

PH = Pr (6)

e = H, (7)
wherg

Tht is the maximum test temperature;
Tt is theyminimum test temperature;

H is the nominal upper pressure for service-load tests;

YT ;D t;IU UIUptil UpPUII Wil;bil ﬁIU U)\iUIIIdi PITSSUIT ib babcu'.
11.3.2 Tests at design or operating conditions

If the purchaser requires tests to be carried out at pressures and temperatures related to either the design or
operating conditions, then the following shall apply:

Tyt = Td,max (8)
or

Tyt = Top,max 9)
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where
Tgmax IS the maximum design temperature;
Top,max is the maximum operating temperature;
Tit = T4 min
or
Tt = Top-mmin
where
Tymin |is the minimum design temperature;
Top,min |is the minimum operating temperature.
Similarly
PH = Pq
or
PH = Pqp
where
pq is the design pressure;,
Pop is the operating pressure.
and
Ht =H|q
where Hy is the design depth.
11.3.3 Othef factors
The following selegtion of test temperatures shall be acceptable, by agreement with the purchaser, if
—  Tmin is greater than the ambient laboratory temperature,

— Tg,min Or Topminis less than ambient, requiring the test rig to be cooled.

T 1t =Tamb

Tyt = Tamb +(Td,max — Td,min)

or

Tyt =Tamp + (Top,max —Top,min )

30

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)
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where
Tamb  is the ambient temperature;
Tamin is the minimum design temperature;

Top,min is the minimum operating temperature.

11.4 Installation tests

11.4. General

Thesp tests simulate bending and pressure loads during installation. If the depth rating-H,;, is|in excess of
500 m, see Table 1, then the test shall also include external hydrostatic pressure loads.

NOTE The following tests assume that external collapse of the pipe under bending. will not occur, and that the
magnjtude of bending loads to be applied can be based on a von Mises' criterion.

11.4.2 Procedure for test without external pressure

The following steps shall be carried out.

a) Use test sample numbers in accordance with Table 2.

b) $et up the test in accordance with 11.1.

c) [Ensure the internal cavity of the test sample is clean and dry.

d) Carry out the seal-integrity pressure test in accordance with 11.2.

e) [Perform tests and record data in accordance with 11.1.4 and 11.1.5.

f)  Determine the bending moment for installation, A, as per Equation (C.6).

g) Apply bending moment to.the connector in a cyclic manner as shown in Figure 6; the hplds shall be
sufficiently long to allow stabilization but not less than 15 min.

h) Record the following.data:
+ central displacement and applied bending moment versus time throughout the test;
+— strain:gauge measurements at peak- and zero-load points;

-+~ temperature of test sample;

— any residual bending of the test sample when the loads are removed.
i) Release all loads.
Consider the test acceptable if
— there are no gross deformations, such as plastic hinge, in the pipe, or dislocation of the connector,

— there is no residual bending of the test sample greater than 5 mm over the length of the test sample.
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Min B /
Y 0
X
'Min B
b d
Key
X time

Y bending noment

a8  Hold peripd 1.
b Hold peripd 2.
¢ Hold peripd 3.
d  Hold peripd 4.

Figure 6 — Installation full bending'cycle
11.4.3 Procedure for test with external pressure
If applicable,|carry out this procedure after 11.4.2 using the.same test samples, via the following steps.

a) Use test|sample numbers in accordance with Table 2.

b) Setup t]we test in accordance with 11.1.
c) Ensure that the internal cavity of the-test sample is clean and dry.
d) Carry ot the seal-integrity pressure test in accordance with 11.2.

e) Perform|leak detection, testssand recording of data in accordance with 9, 11.1.4 and 11.1.5.

f)  Apply ap external hydrostatic test in accordance with 11.5. The external pressure p,, shall be as per
Equation (C.5).

g) Determine thelbending moment for installation, A;j,, as per Equation (C.6).

h) Apply bd nding moment ta the connectar_The Inading rate shall be in accordance with 11 1 4

i) Apply bending moment to the connector in a cyclic manner as shown in Figure 6; the holds shall be
sufficiently long to allow stabilization and not less than 15 min.

j)  The following data shall be recorded:
— central displacement and applied bending moment versus time, throughout the test;
— pressure versus time, for the external hydrostatic pressure test;
— visible signs of leakage;

— strain-gauge measurements at peak- and zero-load points;
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— temperature of test sample;
— any residual bending of the test sample when the loads are removed;
— any rotation of the connector relative to the pipe.

Release all loads.

Consider the test acceptable if

NOT!

there are no gross deformations, such as plastic hinge, in the pipe, or dislocation of the connector,

ere are no visible signs of leakage or decrease in hydrostatic pressure due to inward leaka
ere is no residual bending of the test sample greater than 5 mm over the length of the'test s

It is only possible to test the collapse conditions for external pressure using a yield criterion be

criteripn based on the ultimate strength of the pipe will depend on the ovality of the pipe, whigch-is project-spd

11.5| Hydrostatic pressure tests

This fest simulates the loads on the connector due to hydrostatic pressurétesting.

The

a)

llowing steps shall be carried out.

se test sample numbers in accordance with Table 2.

et up the test in accordance with 11.1.

erform leak detection, tests and recording ofdata in accordance with 9, 11.1.4, and 11.1.5.
arry out a seal-integrity pressure test in aceordance with 11.2, if applicable.

ill the test sample(s) with fresh waterand raise the pressure to the hydrostatic test pressy
quation (C.13) or (C.14), as applicable.

old the pressure for a minimum of 1 h and check the sample for leaks.

etermine the bending'moment, My, for the hydrostatic test as per Equation (C.15).
pply bending moment to the test sample(s).

old all loads*for 24 h.

elease-alMoads on completion of i).

easure any residual bending of the test sample; if necessary bend the test sample strg

he, see 9.3,
ample.

ause collapse
cific.

re, p;, as per

ight again, if

asible

Record the following data:

— pressure versus time;

— bending moment applied versus central displacement;
— temperature of test sample;

— strain-gauge measurements;

— visible signs of leakage;

— residual bending of the test sample prior to restraightening.
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Consider the

test acceptable if

during the hold period can be accounted for,

there are no gross deformations, such as plastic hinge, in the pipe, or dislocation of the connector.

11.6 Operational unrestrained tests

11.6.1 Set-up

there is no pressure drop due to leakage from the connector, and all pressure changes that are observed

In addition tg
with at least

The test app
NOTE TH

Thermal cycl

taken to enslire that the temperature measured is not affected by local temperature ‘variations in the vicin

the thermocd

The tempera

11.6.2 Test

The following

Set the fest up in accordance with 11.1 and 11:6:1.

pressure and bending loads, this test includes thermal cycling. Samples may be tested.ins
bne unsupported pipe length, Ly, between connectors.

bratus shall apply uniform heating to the test assembly.

is can be achieved, e.g., by heating the internal fluid and wrapping the connector in insulation material
ng temperatures shall be monitored during testing with at least one thérmocouple. Steps sh
uple, and that the temperature measured is representative of the-connector's temperature.

fure cycle shall run from T\ 1 to Ty, see 11.3.

procedure
steps shall be carried out.

test sample numbers in accordance with Table 2.

leak detection, tests and recordingof data in accordance with 9, 11.1.4, and 11.1.5.

e internal pressure, py, see'11.3, and maintain constant throughout the high-pressurg
e.

is is the first of the high-pressure cycles shown in Figure 7 a).

test sample to the upper test temperature, Tt

he the axialtensile load, F,,

b axial tensile load to the test sample.

in addition to the pressure end cap force, as per Equation (C.24).

eries

all be
ity of

test

~

a) Usethe

b)

c) Perform

d) Apply th
sequeng

NOTE 1 TH

e) Heatthe

f)  Determi

9) Applyth

h)

i)

i) Hold the

k)

I) Reduce

NOTE 2

34

Determine the bending moment, M,

as per Equation (C.19).

n’

Apply the bending moment to the test sample.

loads constant for at least 5 min, 1, (see Figure 7) after pressure stabilization.

Remove the bending and axial loads.

the temperature to T .

Steps e) to I) comprise the first of the intermediate load cycles shown in Figure 7 b).
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m) Cycle the bending, axial and temperature loads in accordance with €) to I) at high pressure for one-fifth of

n)

0)

the total number of cycles, N, as given in Table 2 and shown in Figure 7 b).

Bleed off the internal pressure.

Apply the low pressure of 0,5 MPa (5 bar) and seal off the pressure source.

NOTE 3  This is the first of the low-pressure cycles shown in Figure 7 a).

P)

q)
r

s)

Consider the test acceptable if

Cycle the bending, axial and temperature loads in accordance with €) to ) at low pressure for one-fifth of

the total number of cycles, N., as shown in Figure 7 b).

Bleed off the internal pressure.

Repeat the high-pressure cycle in accordance with d) to 1) above.
Repeat the low-pressure cycle in accordance with p) to q) above.
Repeat the high-pressure cycle in accordance with d) to 1) above.
Record the following:

+— pressure and temperature versus time;

— axial force and bending moment versus time.

Ipads remain stable during hold times,
& leak rate of 0,9 cm3 over a 15-min period'is not exceeded and does not have a tendency tg
there is no fatigue cracking in the connector or in the pipe,

there are no gross deformations, such as plastic hinge, in the pipe, or dislocation of the conn

increase,

bctor.
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Key

th

AYAVAY

a) Sequence of high and low pressure cycles

b) Number of loading cycles within each pressure cycle

time
pressure
load

High pregsure cycles (total of 3).
Low prespure cycles (total of 2).
Temperature.

Axial load.
Bending.
Number ¢f intermediate cycles = N/5.
is the holf time.

Figure 7 — Unrestrained load cycling

11.7 Operational restrained tests

The following steps shall be carried out.

a)

36

Use the test sample numbers in accordance with Table 2.
Set up the test in accordance with 11.6.1.
Perform leak detection, tests and recording of data in accordance with 9, 11.1.4, and 11.1.5.

Apply the high internal pressure, py, see 11.3 and maintain constant throughout the high-pressure test
sequence.
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NOTE 1 This is the first of the high-pressure cycles shown in Figure 7 a).

e) Heat the test sample to the upper test temperature, Tyt.

f) Determine the axial compressive load, Fye, in addition to the pressure end cap force, as per Equation

(

C.26).

g) Apply the axial compressive load to the test sample.

h) Hold the loads constant for at least 5 min, T}, after pressure stabilization.

A

R N H | + 1 <l
CITTUVTUTC aATAdT CUTTTPTTSSTIVE TUAU.

Reduce the temperature to 77 7.
2  Steps e) to j) comprise the first of the intermediate load cycles shown in Figure 8.

Cycle the axial compressive and temperature loads at high pressure, in accordance with e)

fifth of the total number of cycles, N; as given in Table 2 and shown in Figure 8.

Bleed off the internal pressure.
Apply a low pressure of 0,5 MPa (5 bar) and seal off the pressure 'source.
3 This is the first of the low-pressure cycles shown in Figure % a).

ycle the axial compressive and temperature loads-atdow pressure, in accordance with e)

fifth of the total number of cycles, N, as shown in Figure 8.

Bleed off the internal pressure.

Repeat the high-pressure cycle in accordance with d) to j) above.
Repeat the low-pressure cycle in accordance with n) to o) above.
Repeat the high-pressure cyclein accordance with d) to j) above.
Record the following:

— pressure and‘temperature continuously versus time;

— axial forge versus time.

ider thetest acceptable if

bads remain stable during hold periods,

fo j), for one-

o j), for one-

— aleak rate of 0,9 cm3 over a 15-min period is not exceeded and does not have a tendency to increase,

here is no fatigue cracking in the connector, or in the pipe,

— there are no gross deformations, such as plastic hinge, in the pipe, or dislocation of the connector.

NOTEH
k)

) B
m) A
NOTEH
n)
o) I
p) |
a) |
r)
s) |
Cons
—
— t
©1S0
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Key

X time

Y load

¢ Tempera
d  Compres|

t, isthe hol

12 Limit-l
12.1 Gene

12.1.1 Test

An estimate
see 7.3.

12.1.2 Test

During limit
tests, the pre

Test sampleq

T Th T Th

ure.

Kive axial load.

Number ¢f intermediate cycles = N¢/5.

H period.

Figure 8 — Number of loading cycles within each restrained load pressure cycle

pad tests
al

oads

pf failure load shall be available in the manufacturer's connector geometry and performance

conduct

oad tests, reductions in the load and pressure should be avoided. In combined loading f
ssure shall\lbe maintained within + 2 % of the target pressure up to the point of failure.

b shalllbe scribed to allow measuring of pipe length, Lg (see Table D.6) before and after testsd.

data,

Bilure

Strain-gauge

For threaded connectors, additional strain gauges shall be placed on the outside of the connector above the
location of the most highly loaded thread. The location of this thread shall be supplied by the manufacturer.

If the connector has been broken out after service-load tests and prior to limit-load tests, then after make-up it
shall be heated for 24 h at T},1, see 11.3, and then cooled to room temperature.

12.1.3 Test results

If the connector does not reach its predicted minimum failure load (see 7.3), the test sample shall be returned
to the manufacturer who shall advise a new minimum failure load.

38
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If structural or leakage failure at the end fixtures gripping the test sample occurs and invalidates the test, the
test shall be repeated unless the test sample is at imminent failure as indicated, for example, by gross
deformation.

12.1.4 Failure mode

Preferably the testing should demonstrate that the connector is stronger than the pipe to which it is attached.
For example, in combined bending and internal pressure tests the plastic hinge should be formed in the pipe
before connector failure.

12.2 Tension-to-failure test

The following steps shall be carried out.
a) Use test sample numbers in accordance with Table 2.
b) Perform leak detection, tests and recording of data in accordance with 9, 11.4.4yand 11.1.5.

c) The axial tension load to be initially applied to the test sample shall ®e-80 % of the connector tensile
ffating provided by the manufacturer in accordance with Annex B.

d) Apply this tensile load to the test sample.

e) Apply the internal pressure, py, (see 11.3) and, after stabilization, hold for 15 min.

f)  Release the tensile load.

g) Hold the internal pressure, py, for 15 min.
NOTEH Holding the pressure at this point facilitates detection of leaks which occur after the tension load|is released.
h) Release the pressure.

i) Increase tension load from d) by 10 %, and apply to the test sample.
i) Repeat steps e) to i) until failure.

Conrjector failure shall be-considered to be one of the following:

— ¢ontinuous seal leak;

— fracture;

— gross.deformation of the connector or pipe, leading to a reduction in load.

k) Remove all loads.
I)  Report the results of each test on a separate “Limit-load test data” record, Table D.6.

The test report (see E.3) shall contain representative photographs of the failure test sample, showing the
location and mode of failure, and the following data:

— manufacturer’s rated failure load;
— actual failure load;

— actual internal pressure at failure;
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actual failure mode;

strain-gauge readings;

lengths and diameters before and after the test as per the limit-load test data, Table D.6.

12.3 Compression-to-failure test

The following steps shall be carried out.

sample numbers in accordance with Table 2.

the pipe laterally to prevent strut buckling.
leak detection, tests and recording of data in accordance with 9, 11.1.4, and 11.1.5)

ne the axial compressive load, F,e, in addition to the pressure end. 'cap force, as

Equation (C.26).

a) Usetes

b) Support
c) Perform
d) Determi
e) Applyth
f) Release
g) Apply th
h) Release
NOTE Lg
i) Increass
i) Repeat

Failure of thq

k)

1)

continug
local bu
gross de
Remove

Report t

b axial compressive load to the test sample.

the compressive load.

e internal pressure, py, (see 11.3) and, after stabilization, hold for 15 min.
the pressure.

akage is most likely to occur when the compressive load is released.
Fye from e) by 10 %, and apply to the test sample.

steps f) to i) until failure.

connector shall be considered to be' one of the following:

us seal leak;

kle in pipe and/or connecitor;

formation of the connector or pipe, leading to a reduction in load.
load and pressure.

ne results:of the test on a separate “Limit-load test data” record, Table D.6.

The test repq
data:

40

manufacturer’s rated failure load;

actual failure load;

actual pressure at failure;

actual failure mode;

strain-gauge readings;

lengths and diameters before and after the test as per limit-load test data, Table D.6.

per

rEfsee E.3) shall contain representative photographs of the failure test sample, and the foll(])wing
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12.4 Pressure-to-failure test

The following steps shall be carried out.

a) Use test sample numbers in accordance with Table 2.

b) Perform leak detection, tests and recording of data in accordance with 9, 11.1.4, and 11.1.5.

c) Increase the internal pressure to test sample failure. The rate of pressure loading shall be in accordance
with 11.1.4.

Failufe of the connector shall be considered 1o be one of the Tollowing:

— ¢ontinuous seal leak;

— gross deformation of the connector or pipe leading to a reduction in pressure.

— A failure in the end fitting or grip attachment shall necessitate a repair and.retest.
d) [Depressurize the test sample.

e) The results of each test shall be reported on a separate “Limit-load test data” record, Table D.6.

The {est report, in accordance with E.3, shall contain representative photographs of the failure|test sample,
and the following data:

— 1nanufacturer’s rated failure pressure;
— actual failure pressure;
— sgtrain-gauge readings;

— Iengths and diameters before and after the test as per limit-load test data, Table D.6.

12.5| Bending-to-failure test

The following steps shall be carried out.

a) Use test sample numbers in accordance with Table 2.

b) Perform leak detection, tests and recording of data in accordance with 9, 11.1.4, and 11.1.5.
c) Apply theuinternal pressure, py, (see 11.3) and, after stabilization, hold for 15 min.

d) Inhcrease bending load to test sample failure. The rate of bending loading shall be in accprdance with
114

Failure of the connector shall be considered to be one of the following:

— continuous seal leak;

— local buckle in pipe and/or connector;

— gross deformation of the connector or pipe, leading to a reduction in load.
e) Remove load and pressure.

f)  Report the results of each test on a separate “Limit-load test data” record, Table D.6.
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The test report, in accordance with E.3, shall contain representative photographs of the failure test sample,
and the following data:

manufacturer’s rated failure bending moment;
actual failure bending moment;
internal pressure;

central displacement, diameters and strains versus time;

final strg

ins and central displacement with loads removed.

13 Bending-fatigue test procedures

13.1 Gene
The fatigue ¢
the connecta
with the fatig

The connect
curves of the

It is permissi

al

Lie initiation site, the effect of the seawater in reducing the fatigug'life’shall be evaluated.

connector material in the service environment.

p.

13.2 Setting stress ranges for the test

13.2.1 Guid

Annex H cor

Ance

tains further guidance on the connector fatigue evaluation set out below. Guidance is giv

the effect of Inean static loads, axial loadstahd scope to reduce the number of tests in some circumstanc

13.2.2 Stregs concentration factor

The stress ¢

Kscr =

where

pncentration factoL K is defined as:

ASps
AS o

urve used to calculate the minimum number of cycles to failure shall be_the appropriate cur
r material and the service environment. For connectors where seawater may come into cg

pr full-scale tests may be conducted in air and the results scaled to account for the appro

ble to extrapolate the fatigue results of connectors made from carbon steel to other material
environment$

e for
ntact

Driate

5 and

n on
S.

!

(18)

ASps

AS s

is the largest change in principal stress in connector;

is the largest change in principal stress in the pipe at a distance remote from the connector

The manufacturer shall determine the largest stress concentration factor Kgcg, within the connector for the
range of axial loads it can experience in service. The Kgcr shall be defined for each cyclic stress range, see
13.2.4. If the preload/external mean load affects the Kgf, relevant Kgogs should be applied in the fatigue

assessment.

NOTE

42

The use of finite element analysis has been found to be a suitable technique.
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.3 Axial load

The manufacturer shall define the axial load that gives the highest K5, hence the maximum rate of cyclic
bending-fatigue damage.

NOT!

13.2

The

suffigiently spread out so that it is possible from the results to determine the slope of the S-N eurv
encompass the maximum and minimum values of bending that the fatigue analysis(will
extrapolation of results is not required.

13.2.

For dach stress range, the manufacturer shall predict the number of cycles-to_failure based on
approgpriate for the parent material, factored by the Kg¢p.

13.3| Bending-fatigue test set-up

The

a)

b)

c)

d)

NOTH 1 Practicalities can limit the testing of large connectors to one-plane four-point bending.

NOT 2 Int 1 s o
| ey = morarprecssurcoar Tavearr oo otro

E Discrepancies can occur when comparing the results of tests performed at a mean stress of zero with those
using other mean stresses (because welding residual stresses may be compressive at a weld root), which would lead to
artificially long lives. Tests under tensile mean stress provide results more appropriate to real applications.

.4 Stress ranges

Fom e [T ! PRt 4 ol ol (el £ 'H L H 4 4 T
naridrdcidrer stidilr STICUL UITTE SUCSS TdllyTs, OL, OM dlid QH, 101 CYCINC DETIUNTY 1eals. 11

b Number of cycles

ending-fatigue test set-up shall meet the following requirements.

fatigue test rig should be designed such that the cennector is cycled in bending at all poin
ircumference; a one-plane cyclic bending test rig may be used with a defined correction f3
lane cyclic bending versus circumferential bending.

The frequency shall not exceed 50 Hz, . @and shall not cause the connector to heat up
Mmaximum design temperature.

The tests shall be carried out in air‘at’'room temperature.

he test arrangement shall-apply a uniform bending moment, within a tolerance of £ 59
onnector and for a length Ls either side.

The leak detection method shall be in accordance with 9.1.
Internal pressure may, by agreement, be used to develop the axial load defined in 13.2.3.

Multiple samples may be tested together.

ese shall be
e. They shall
ise, so that

an S-N curve

ts around its
ctor for one-

beyond the

, across the

nbava an affact an ~on s 4 fotioia aarf Bne.
L oMM CCtoTatguC oo ante:

13.4 Bending-fatigue test procedure

The
a)
b)

c)

following steps shall be carried out.
Use test sample numbers in accordance with Table 2.

Perform leak detection, tests and recording of data in accordance with 9, 11.1.4, and 11.1.5.

Apply the axial load defined in 13.2.3.

© I1SO 2004 — All rights reserved
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d)
Table 2.

e)

Repeat this cycle to connector failure.

Failure of the connector shall be considered to be one of the following:

that are observed that cannot be accounted for;

Apply the cyclic bending-stress ranges defined in 13.2.4 to the relevant connector samples defined in

continuous seal leak, as determined in accordance with Clause 9 and implied by all pressure changes

any other structural damage which can occur, such as cracking in the connector or the pipe adjacent to

the con

Failure in thg

f)  Remove
9)
Failure of o

continuation
h) Reportt

The test repq
the following

stress rg
actual n
internal
strains;

commer

ector or the welds between the connector and the pipe.
pipe away from the connector shall necessitate a repair and continuation of testing.

all loads and depressurize the test sample, if applicable.

Break olit and inspect the connector. Non-reversible connectors shall be sectioned and inspected.

ne sample in a test with multiple samples shall necessitate a repair/or replacement, &
pf the test until all the samples have failed at least once.

ne results of each test on a separate “Fatigue test data” record;, Table D.7.

rt in accordance with E.3 shall contain representative photographs of the failure test sample
data:

nge;
imber of cycles to failure;

bressure;

t on type of failure and inspection results.

13.5 Interpretation of fatigue-results

The manufa
standard deV

NOTE TH
deviations bel

cturer shall find.the best fit to the S-N curve for the data, and shall derive a design curv
iations below'this curve. Annex H gives guidance.

e design-clrve may alternatively be expressed in terms of a standard S-N curve (including two st3
bw the\mean) for the parent material plus a Kgcf for the connector.

nd a

, and

b two

ndard

The manufa

turer shattexptaimim the testreportany discrepancy betweenm his design predictions and th

results, including

the type

44

the location of fatigue damage within the connector;

of damage, such as cracks or wear;

the fatigue life achieved.

e test
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Annex A
(normative)

Application levels

A.1 General

This gnnex provides guidance on the selection of the appropriate application level for the connee
examn|ples given are for typical service conditions or duties. In specific cases, the design of the-pif

and gonnector can require a higher or lower application level to be used.

or tests. The
eline or riser

The Ipading associated with a particular application level (see Table 1) shall exceed the expected loads of the
intenfed application.
The Ipadings for each application level are characterized in Table A.1.
Table A.1 — Service-load characteristics for various applications
Service Installation Hydro-test Operation eration
unrestrained regtrained
Load| type and level applied o o
o o 2 2 5
S fust et 3 =} =
7] > S (2] 7] @
$ 2|8 o B o 2 o
a £ e 2 © 2 o S
o s X 2 o S o o s o|o §
c (0] c © © Cc [} [} =R [N ] S| € o [}
5 =} S E cC 5 S Q » T S|l al|lg = =}
c g 2% o ¢ g E § ¢ & gl Pl & g
O] o X = = ] o (0] = ] x o (0] = ] x o
m +~ ~uw £ £ o F o o < | oo < -
Application level 1 s .S, S S B S S B B S S S ot applicable
Application level 2 B\~\S S S B S S B B S S S B|S B S
Application level 3 B S S S B B S B B B S S B B S
Application level 4 B S S S B B S B B B B S B B S
S derjotes small load, from\0.% Tsyp to 30 % Teyp.
B derfotes high load;.from 30 % Tsyp to 100 % Teyp.
NOTH 1 Where loadings have increased from one application level to the next, these are shown in bold.
NOTH 2 External pressure is mandatory only for water depths greater than 500 m.

Generally the fatigue loadings for each application level are as shown in Table A.2. However, it is possible to
have other fatigue characteristics within each application level, and the fatigue requirements shall be
assessed accordingly depending on the application.

© I1SO 2004 — All rights reserved
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Table A.2 — Fatigue-load characteristics for various applications

Service Fatigue

Load type and level applied

Application level 1

Application level 2

A.2 Appli

The main lo
Level 1 appli

NOTE 1 TH
and restrained

EXAMPLE

offshore

offshore

NOTE 2

A.3 Appli

Loads in add
bending is st

EXAMPLE

Sych connectors may still need a-high fatigue capability.

Application level 3

w o » o |Bending

w o » o]|Axial
»w 0] » o |Hoop

Application level 4

to 10 % o,

S denotes small load from 0 % o, Syp

Syp

B denotes high load, from > 10% Osyp

NOTE Where loadings have increased from one application level to
the next, these are shown in bold.

cation level 1

cations include low bending and no compression, and generally low fatigue.

ere are unlikely to be any Level 1 applications onshore, whéere most lines are subject to installation be
operation.

Typical examples include
ensioned-riser midspan,

Catenary-riser midspan.

cation level 2

ition to those~of application level 1 are axial compression and installation bending. Opera
Il low in this-application.

Typicalexamples include

—  buried Iarludline,

hds are internal pressure, external pressure (except onshore), temperature and axial tension.

nding

fional

buried su

46

bsea pipeline.
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Application level 3

Loads in addition to those of application level 2 are bending during operation, and bending fatigue.

EXAMPLE Typical examples include

— unburied subsea pipeline,

— wellhead jumper,

— landline, above ground,

—
—

_ q

A.5
Load

EXAN
have

EXAN

For J
addit

gpoolpiece,

owline in bundle,

xed riser,

guspended riser near seabed.

Application level 4
5 in addition to those of application level 3 are axial tensiony.axial fatigue and greater bendin

PLE 1 A typical example is a suspended riser in the wave zone. Top-tension risers are similar,
b low installation bending load.

PLE 2 J-lay installation.

-lay, the tensile stresses at the top of thelay curve may exceed 20 % ogyp. In these circu
onal test may be required in accordanece with G.13.

j fatigue.

however may

mstances an

©1SO
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Annex B
(normative)

Connector geometry and performance data

The manufacturer shall provide the following information relating to connector geometry and performance
data:

a)

48

size, ma
— ifdi
— con

NOT

a descr]
configur

the follo
— des
— ma
— ma
— ma
— ma
— ma
— ma
minimun
the max

a repres
compres

a descri

ss, wall thickness, grade and the product name of the connector;

ferent from the pipe body, the coupling or upset grade;

hector axial and bending load transmission system and locking system.

E Examples of locking systems include threads, friction, grip, forged, balls/forgedyflanged or mac

ption listing the design features and benefits of the threads, ,seals, shoulders and
btion;

ving design capabilities of the connector:

gn pressure rating;

imum and minimum design temperature ratings;

imum tensile rating;

imum compressive rating;

imum bending rating;

imum torque rating;

imum water-depth rating((of external pressure rating).
N failure loads and cause of failure for items listed in c);
mum reverse-térque rating, if applicable;

entative («cross-sectional diagram of the connector identifying the critical planes for ter
sion, internal pressure, external pressure and bending;

ption ‘of the connector manufacturing specifications;

hined.

body

sion,

identification of critical dimensions and tolerances;

if applicable, a list of the maximum and minimum machined tolerances as specified in 7.5;

the type

of surface treatment(s) for pin and box sealing surfaces or threads and seals;

where applicable, make-up parameters listing:

— lubr

icant, type, coverage, and application method;

— make-up speed;

— required shoulder torque values;

© I1SO 2004 — Al rights reserved


https://standardsiso.com/api/?name=d1be87265631a97b739dff91112372d2

ISO 21329:2004(E)

— minimum and maximum final make-up torque/force values;
— the maximum allowable misalignment and associated bending moment for connector make-up.
I) if applicable, a description of connector refurbishment and methodology for refurbishment.

Table B.1 gives an example table layout for a threaded connector.
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50

Table B.1 — Connector geometry and performance property data for a threaded connector

(A) Identification
Product description:

Material

Size Wall thick.  Mat. grade Product name
Coupling or upset grade: (if different from pipe body)

Pipe body configuration:

Pressure-containment system, internal:

External:

(B) Description:

(C) Pregsure, temperature and depth ratings

(D) Diagram: (Attach separate page with schematic diagram)

(E) Connector manufacturing specifications

Complet¢ documentation detailing all of the applicable specifications and procedures, with the associatedl
control numbers and revision levels necessary for all manufacture, inspection and installation of the product
should b¢ listed. Where not applicable, please put “N/A”.

Process fontrol plan No. Revision No./Date
Pin draw|ng No. Revision No./Date
Box drawing No. Revision No./Date
Pin thread drawing No. Revision No./Date
Box thread drawing No. Revision No./Date
Seal ring|drawing No. Revision No./Date
Surface freatment(s) specification’No. Revision No./Date
Gaugingland inspection pfocedures No. Revision No./Date
Seal ring|inspection ptocedures No. Revision No./Date
Swage/sfress-relief.pfocedures No. Revision No./Date
Field runphing‘procedures No. Revision No./Date
First artidle/last article procedures No Revision No./Date
Field connector refurbishment procedure No. Revision No./Date
Other relevant data: Revision No./Date

(F) Surface treatment
Type of pin surface treatment:

Type of box surface treatment:
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Annex C
(normative)

Calculation of connector service loads

CA1 Reverse torque, Z

The feverse torque Z shall be the lesser of Equations (C.1) and (C.2). Equation (C.1) shalljo
conngctors that are made up by applying a torque relative to the pipe direction, e.g. screwed conr

7 =0,60-Zpm,

2.J
/= Kp K- ogp-

o

wher

W

is the specified pipe outside diameter;

K is the lesser of the result of Equation (1) or Equation(2), see 6.3;
is the specified minimum yield stress of the pipe body material;

1 is the make-up torque for the connector_as-determined in 10.3;

K is the torque factor given in Table.1;

(Dg - D{*)
32

J=r-
Dij =Dy, —(21)

1 is the specified pipe body wall thickness

C.2 [Installation

C.2.1 External hydrostatic pressure, pey

nly apply for

ectors.

Pex =Psw HT1-2
where
Psw is the density of seawater;
g is the acceleration due to gravity;
Hy is the depth upon which the pressure is based as defined in 11.3.

NOTE Default value Pow = 1 025 kg/m3.

© I1SO 2004 — All rights reserved
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C.2.2 Bending moment, M,

The bending moment A, under installation conditions is

2-1
M=K -op - —— C.6
in b Do ( )
NOTE Both the connector and pipe are subjected to the same bending moment under four-point bending.

where oy, is the lesser of the following:

oh +\/{a€ —4{0‘& +3.72 —(va -asyp)z}}

op = 5 (C.7)

ah —\/{Gﬁ —4‘:G€ +3.72 _<va -asyp)z}}

op = S (C.8)

Ob = BRin " Tsyp (C.9)

Bg i, isfthe installation-bending factor from Table +;

Jum  is|the von Mises' factor from Table 15

op s the pipe body hoop stress = Pex (Do = Imin) (c.10)
2'l‘min
r is the pipe body torsienal’stress = 0; (C.11)
tmin 1S the minimum wall'thickness accounting for manufacturing tolerances
4_ 4
I=n (Do — DY) (€.12)
64
C.3 Hydrostatic test pressure
C.3.1 Internal pressure, p;
The hydrostatic test pressure p, shall be the lesser of:
pt =15 py (C.13)
0,9-K-0gyp -2 tmi
P = syp min (C.14)

(Do _tmin)
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where

t is the minimum wall thickness accounting for manufacturing tolerances;

min

pH is the hydrostatic pressure based on manufacturer's rating, design or operating pressure as defined
in 11.3.

C.3.2 Bending moment, M,

The bending moment due to the hydrostatic pressure test is given by Equation (C.15).

2.7
Mhy =K'O'b'D—o (C15)

wherg oy, is the lesser of the following:

_ .
b = ‘\/(VF ‘o) —0.75-0F (C.16)

D b :BF,hy'K'USyp (C17)
and

BF hy is the hydrotest bending factor from Table 1;

pipe body hoop stress o, = Pt:(Do = min) (C.18)
2'tmin

C.4 (Operation unrestrained

C.4.1 Bending moment, 1/

The ending moment M, -under operation unrestrained conditions is

Vi, :K-ab-% (C.19)

(o]

wherg oy, is,the lesser of the following:

f p4
b = |~AFun - Teyp +\/(va Osyp) ~075-0f ~3-7° (C.20)
2
O = |[~AFun Tsyp —\/(fv,v, ooy ) —0,75-0f 377 (C.21)
Ob = BFun-Osyp (C.22)

and

Bk n is the unrestrained bending factor from Table 1;
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AE yn is the unrestrained axial load factor from Table 1;

pipe body torsional stress 7 =0. (C.23)
C.4.2 Axial force, ),
The axial force, F,,, under operation unrestrained conditions is:

Fun = Arun K -ogyp - 4s (C.24)
where A is the specified cross-sectional area of pipe

Ag =% (D§ —Diz) (C.25)
C.5 Opegration restrained axial force, F,
The operatio restrained axial force, Fg, is given by:

Fre =(H, a-0+0are —U-0n) Ag (C.26)
where

6 s the temperature differential;

o is the thermal expansion coefficient of the pipe body;

E, is te Young's modulus of the pipe body;

L s tHe Poisson ratio of the pipe body.
The restraingd axial stress, o,y re, IS:

Oax,re 7 p|2_|—D,22 (£.27)

(p3-07)
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Annex D
(normative)

Test data tables

This annex contains the following data tables:

a) Table D.1: Connector material property data;

b) Table D.2: Pipe body material property data;

c) Table D.3: Test sample preparation data;

d) Table D.4: Test sample make-up/breakout data;
e) Tlable D.5: Service load test log;

f) Tlable D.6: Limit load test data;

g) Table D.7: Fatigue test data.

The nanufacturer may adapt these tables to suit particular connector requirements and assembly methods.
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Test sample No.

Connector manufacturer

Table D.3 —Test sample preparation data

Coupling No.

Pin or Box

Connector type

Steel manufacturer

Tensile test performer Date(s
Location
Materials specification
Strain measurement method Specified OD
Nominal wall thickness Grade
Location Design value Actual Maximum Minimum Actudl
measured value tolerance tolerance tolerance
Connector

Seal tolefance

Pin nose

thickness

Surface 11

bughness

Thread tg

per

Thread in

terference

Centre-tg
surface

-contact

Centre-td

-end

Facing

Coupling

Pup pipe body

Wall thick

ness

Outside d

iameter
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Table D.5 — Service-load test log

60

Grade

Wall thickness

Specified OD

Rev. date

Rev. No.

Drawing No.

Connector type

Connector manufacturer
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Annex E
(normative)

Connector test reports — Content

General

The f
tests
conn
awar

Both
shou
this |
level

Interpational Standard.

E.2

E.2.]

The
trace

After
an af

The
cons

E.2.1

The manufacturer and test house shall provide the information required to fully speci
b of any potential difficulties.

reports shall identify deviations from the specified procedures of manufactdring and testing
d not duplicate information on the test sample preparation and test procedures that are alrg
hternational Standard. Also, additional tests that were performed, but are not required for g
shall be included in the test report and shall be clearly identified as ‘additional to the requirg

Manufacturer's detailed report

General information

manufacturer’s detailed report shall be kept'dby the manufacturer for a sufficient perig
Ability whilst the connector is in service. This'shall be no less than 25 years.

the tests have been performed, the testreport shall be included in the manufacturer’s deta
pendix.

report shall contain at least the ‘information as listed in E.2.2 to E.2.4, and any furthe
dered relevant to the testing-ef'the connector.

? Materials

The
a)

b)

E.2.

anufacturer's report shall contain the following information:

ill certificates.for items supplied to test house, including connectors, pup joints, seal rings, ¢

ollowing requirements cover the manufacturer’s detailed report and the summary report.qn tl1e connector

y the tested

bctor, make it up correctly, have confidence that it will perform as desired, and .make the purchaser

(if any), but
ady found in
n application
ments of this

d to ensure

led report as

I information

tc.;

aterial{est reports for tests carried out, including failed tests at ambient and elevated tempgratures.

Quality control

The manufacturer's report shall contain the following information:

a) manufacturing process control plan;

b) all QC procedures used in the production of the test samples, including manufacturing, gauge calibration,
gauging procedure, surface treatment, etc.

E.2.4 Machining

The manufacturer's report shall contain the following information:

a) copies of machining drawings for the test samples, showing the worst-case machining tolerance and the
actual production tolerances for the connectors;
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b)
c)

d)

copies of machining drawings for seal rings;

copies of machining drawings for pup joints;

details of seal port machining.

E.3 Test report

E.3.1 General information

The test repq
test report sh

The test rep
considered r

The test repq

E.3.2 Sum

The test repq

a) connect
b) applicati
c) material
d) main tes
E.3.3 Intro
The test repq
a) stateme
b) stateme
c) stateme

conside

reported,;
d)

duction

all be included in the manufacturer’s detailed report as an appendix.

brt shall contain at least the information as listed in E.3.2 to E.3.7, and any further inforn
blevant to the testing of the connector.

rt shall also contain any additional test requirements, see 6.6, and results:

mary

rt shall contain the following information:

br geometry and performance data in accordance with Annex B;
pn level and fatigue limit tested;

description and grade;

t results, e.g. pass or fail.

rt introduction shall contain the\following information:
ht of what was tested and‘what is believed to be acceptable. Indicate any limitations;

nt of personnel whoexecuted specific test;

applicable procedures or tests that were followed. No comments are required if the tests were
performe¢d astspecified. Manufacturer de-rating for axial loads and internal or external pressure sh

nt of which tests; if any, were omitted, why they were omitted, and why the connector shou

rt shall be issued to the purchaser and the manufacturer. After the test has been performedl, the

ation

Id be

ed adequately evaluated without the tests being completed. Deviations shall be included with the

fully
il be

when (months and year) and where the tests were performed; personnel coordinating the tests; details of
witnesses of the tests.

E.3.4 Test sample preparation

The test report shall contain the following information:

a)

b)

64

the source of the test sample materials and summary of related mechanical properties;

the ratio of material yield strength at elevated temperature to material yield strength at ambient

tempera

ture;
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