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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotech

nical standardization.
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TECHNICAL SPECIFICATION

ISO/TS 22499:

2019(E)

Thermoplastic pipes for the conveyance of fluids —
Inspection of polyethylene butt fusion joints using phased
array ultrasonic testing

1

Scope

Thiis document describes the phased array ultrasonic testing (PAUT) of polyethylene butt f\Ilsion (BF)

joi

ts, including pipe-to-pipe, pipe-to-fitting and fitting-to-fitting joints, used for the cony

eyance of

flulids. This document provides a test, whereby the presence of imperfections such.asyvoids, inclusions,

do

Thi

qu

Th
ass
ac(

NO|
or
PE

NO

of BF jointslZl.

NO|
vel

prd

of fusions, misalignment and particulate contamination in the BF joints can be detsg
ument is only applicable to polyethylene pipes and fittings without a barrier to ultrasonic

s document also provides requirements for procedure qualification‘and guidance for
hlifications, which are essential for the application of this test method:

lis document also covers the equipment, the preparation and performance of the test, the
essment and the reporting for polyethylene BF joints. The assessment of ultrasonic indic
eptance criteria are not covered in this document.

TE1 At the present time, laboratory experiences exist oh.the use of PAUT for polyethylene BF
Feference blocks of wall thickness between 8 mm to 100%mmiil to [31, Recently, field experience on
B0 and PE100 materials has been reportedlél.

TE 2 Round robin testing has shown that PAUT.is a viable method for enhancing the integrity §

TE3  PAUT techniques for cold fusionwdetection are known to be available. However furthe
ification and experience are needed to‘transfer the technique into an ISO Standard. This docume
vide any information regarding the detection of cold fusions.

cted. The
waves.

personnel

indication
htions and

oints and/
BF joints in

ssessment

I research,
ht does not

2 [ Normative references

Thf following documents ‘are referred to in the text in such a way that some or all of thejir content
copstitutes requirements of this document. For dated references, only the edition cited applies. For
unfated references; the latest edition of the referenced document (including any amendmentf) applies.

ISQ 5577, Non-destructive testing — Ultrasonic testing — Vocabulary

IS) 9712, Nen-destructive testing — Qualification and certification of NDT personnel

ISQ 13953, Polyethylene (PE) pipes and fittings — Determination of the tensile strength and failuje mode of
tedt pieces from a butt-fused joint

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5577 and the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

©lI

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

[EC Electropedia: available at http://www.electropedia.org/
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31

cold fusion

insufficient joint integrity caused by the incomplete intermolecular diffusion of polymer chains for
proper molecular entanglement at the joint interface due to reasons other than contamination, which
does not create any PAUT indication(s) at the joint interface

3.2
inclusion
foreign material trapped in the fusion joint

3.3
lack of fljsion
absence df intermolecular diffusion of polymer chains for molecular entanglement at the interfgce,
resulting In a non-destructive testing indication at the joint interface

3.4
melt fusipn zone
MFZ
zone containing the fusion interface and having boundaries on either side of theinterface which reflgct
the limits|of crystalline melting during the BF jointing process

Note 1 to eptry: The MFZ is shown in Figure 1.

3.5
misaligninent
offset betyeen the axis of the pipes/fittings to be jointed

3.6
particulate contamination
fine partitles, e.g. airborne dust, or coarse particles, e:g. sand and grit, that are present at the fusjon
interface

3.7
surface imperfection
imperfectjon on the ID or OD surface of the butt fusion joint

3.8
void
empty spdce (or air pocket) in a-BFjoint

3.9
phased array image
one-, two4, or three-diferisional display, constructed from the phased array data

3.10
phased array set-up
probe arrpngement defined by probe characteristics (e.g. frequency, probe element size, beam angle,
wave mode);probe position (3.11), and the number of probes

3.11
probe position
point between the front of the wedge (or probe) and the BF centre line

3.12
scan increment
distance between successive data collection points in the direction of scanning

3.13
false call
reporting an imperfection when none exists

2 © IS0 2019 - All rights reserved
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ISO/TS 22499:

Information required prior to testing

4.1 Items required for procedure

Information on the following items is required:

purpose and extent of testing;

reference sample;

roaaquiramantce for gatting ~ccnce 0 +tha PR 1ot e b cynfoon copndition of tbha i

2019(E)

; and the

oo eI eI e ToT g ©ToTTT 5 TrCCTOUtoOtIIC DT —JOIIty; tric— o U ra c e CoTaT o o erre— pip s

temperature range;
personnel qualifications;
reporting requirements;

manufacturing or operation stage of BF joints at which the testing is to be carried out.

4.2 Specific information required by the operator before testing

Before any testing of a fusion joint begins, the operator shall have access to all the inforjnation as

specified in 4.1 together with the following additional information:

a) | written test procedure;

b) | all relevant joint dimensions.

4.3 Written test procedure

For all testing, a written test procedure is\required. This test procedure shall include af least the

follJowing information:

a) | purpose and extent of testing;

b) | reference sample;

c) | requirements for access\to the BF joints and surface conditions and temperature;

d)| personnel qualifications;

e) | reporting requirgments;

f) | equipmenttequirements and settings (including but not limited to frequency, sampling fate, pitch
between'elements and element size);

g) | evaluation of indications;

h) Ledvironmental and safety issues;

i) documented testing strategy or scan plan.

NOTE The testing strategy gives information on the probe placement, movement, and component coverage

that provides a standardized and repeatable methodology for fusion joint testing. The scan plan gives information
on the volume tested for each BF joint.

5

Personnel qualifications

Personnel performing testing in accordance with this document shall be qualified to an appropriate
level in accordance with ISO 9712 or an equivalent standard in the relevant industrial sector.

© IS0 2019 - All rights reserved
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In addition to a general knowledge of ultrasonic testing, the operator shall be familiar with and have
practical experience in the use of phased array systems on polyethylene BF joints. Specific theoretical
and practical training and examination of personnel shall be performed on representative polyethylene
BF joints containing natural or artificial reflectors similar to those expected. These training and
examination results shall be documented.

6 Equipment

6.1 General

For the sdlection of system components (hardware and software), ISO 13588[8] and 1SO/TS 1682‘1)[9]
give usefyl information.

Ultrasoni¢ equipment used for phased array testing should comply with the reguirements| of
1SO 18563-1[10], [SO 18563-2[11] and ISO 18563-312] when applicable.

The comp|ete equipment, i.e. ultrasonic instrument, probe, cables and display morfitor, shall be capaple
of the repgtition of test results.

6.2 Ultrasonic instrument and display

digitized.[It is recommended that a sampling rate of the A-scan shauld be at least six times the nomihal

The instryment shall be able to select an appropriate portion of the tisne base within which A-scans are
probe fre}uency.

6.3 Ultrasonic probes
Only longjtudinal wave mode can be used.

Any type ¢f phased array probe can be used if it satisfies the range and sensitivity setting requiremepts
of Clause ¥ with the phased array equipment.

The most|suitable ultrasonic probe freqency should be selected in accordance with the pipe wall
thickness| Table 1 shows the recommended frequencies for each thickness range. However, the optirpal
frequency] can deviate from these values depending on the attenuation and thickness of the samplg to
be tested.

The gap bptween the test surface and the bottom of the wedge shall not be greater than 0,5 mm.

Table 1 — Selection of probe frequency

Recommended frequency Wall thickness
MHz mm
1,0 to 2,25 60 to 100
2,25t0 4,0 30 to 60
4,0t0 5,0 8to 30
NOTE In general, higher frequencies provide better resolution and lower frequencies provide better

penetration.

6.4 Scanning mechanisms

To achieve consistency of the images (collected data), guiding mechanisms and scan encoder(s) shall
be used.

4 © IS0 2019 - All rights reserved
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6.5 Couplant

In order to generate proper images, a couplant should be used which provides a constant transmission
of ultrasound between the probe and the material. The same couplant used for calibration shall be used
for the testing. Any couplant used should be cleaned off after testing.

7

Range and sensitivity settings

7.1 Settings

7.1

Set
do

require a new setting. The set-up should be optimized on the reference reflectors to give a

no

7.1

Th range in the depth direction shall cover the full joint thickness:in the fusion zone.

Th

gu
eit]

Th range in the circumferential direction shall includeé the full circumference.

.1 General

ting of range and sensitivity shall be carried out prior to each testing period in a€eprdancg
fument. Any change of the phased array set-up, e.g. probe position and steexing param

se ratio minimum of 6 dB.
.2 Range setting — Test volume
e range in the axial direction shall cover the MFZ on both sides of the BF centre line. Ag

dance, for wall thicknesses <100 mm, the test area width'is 10 mm or 1/5 of the wall thick
her side of the fusion zone, whichever is smaller (see Figure 1).

» with this
bters, will
signal-to-

a general
ness from

©lI

outside of joint
inside of joint
MFZ boundary
test area

MFZ

fusion interface
width of test area

Figure 1 — Test area
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7.1.3 Sensitivity setting

After selection of mode (E-scan, S-scan) the following shall be carried out:

a) sensitivity shall be set for each beam generated by the phased array probe;

1) when a probe with wedge is used, the sensitivity shall be set with the wedge in place,

2) when beam focussing is used, the sensitivity shall be set for each focused beam;

b) use of angle-corrected gain (ACG) or time-corrected gain (TCG) shall be applied to enable the

displd

NOTE

position) ¢

yof Sigmats for att beanr angtes and att aistances witiT the sare ampiitude.

Table 2 — Description of testing techniques for BF joints[Zl

Different testing techniques of PAUT for BF joints (e.g. fixed angles, E-scans and S-scans at fixed probe
hn be employed as shown in Table 2.

Testing Test set-up Example of sketches
technique
Fiked aneles at Not suitable as a
filed pro%)e po- single technique;
sit“on to BF joint multiple scans at
line scans) different angles
are needed
AL
M\
Fixed angles
with raster One side
scanning
AL
g Z%aenpa(;csfilt)i(gg One side with two
(line scan) angles
C\/

© ISO 2019 - All rights reserved
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Table 2 (continued)

Testing Test set-up Example of sketches
technique

7.3

7.2

Thee temperature of the reference sample shall be the same as the temperature +5 °C of the {

at

reference block satisfying the conditions in 7.2.2 shall be used as the reference sample.

7.2

Re
Re

At
thg

Th
len
scd

7.2

Side-drilled holes (SDHSs) and surface notches shall be used as reference reflectors for the

po
Fo
fiv|

7.

ThE reference block used shall be of the'same material classification as the pipe/fitting being

Y\
S-scan at fixed
probe position One side
(line scan)
A

. Reference sample

.1 General

he time of testing and shall be kept in the same environment as-the test object throughout

.2 Reference block

ference blocks shall be used to determine the adeguacy of the settings (e.g. coverage, se
rommendations for reference blocks are shown'ih Annex A.

ransfer correction should be applied to cover the difference in curvature and surface rov
reference block and the test object.

thickness of the reference block'shall be at least equal to the thickness of the joint to be t
gth and width of the reference.block shall be chosen such that all relevant reflectors can b
nned.

.3 Reference reflectors

yethylene BF joints.

" a thickne$s-<30 mm, at least three reflectors are recommended; for a thickness >30 mj
b reflectors are recommended.

est object
the test. A

nsitivity).

Ighness of

nspected.
psted. The

e properly

testing of

m, at least

3 cChecking of the settings

The range and sensitivity shall be checked prior to testing, every 4 h of testing and at the end of the
testing period, or if the temperature of the joint changes by >10 °C. Any change in the response of
the reference reflector >-4 dB from the reference sensitivity level should merit re-configuring the
equipment and re-scanning all the joints since the previous acceptable calibration.

The reference sensitivity level shall be established over the range of interest using SDHs as shown in
Table A.1.

©lI
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8 Equipment checks

A check of the equipment shall be performed daily before and after testing to verify that all relevant
channels, probes, and cables of the ultrasonic phased array system are functional. If any item of the
system fails, corrective action shall be taken and the system shall be retested.

9 Test

9.1 Pro

procedure

cedure qualification

Procedur

demonstrpted to perform in an acceptable way on BF joints containing representative imperfectic
(lack of fysion, particulate contamination), which have been shown to reduce the integrity-of'the jo
as shown py destructive testing.

The procedure qualification requires the manufacturing of a series of samples of polyethylene BF joi
for each pjpe wall thickness range to be tested, some with imperfection and someqwithout (see Table

Some exa
The follow

— Categ
(thick

thickiess range, 2 planar imperfections for each size given in Table 3 shall be used.

— Categ
1) 4

b

2) 4

a

fg
For the prj

— 14 o0r
no fal
the in
indicd

— 3ory
classi

— forth

Procedurs

qualification is required for testing polyethylene BF joints. The procedure shall

ples for implanting imperfections to BF joints are given in Annex B.
ing categorized sample joints shall be tested in a blind fashion:

pry A: 2 fusion joints, each containing 8 embedded planar lack of fusion imperfectid
ness of 25 pm or less), randomly distributed around the‘circumference. For each pipe w

pry B: 8 fusion joints where:

fusion joints contain no imperfections, using conditions that have been proven to generate
Fittle failures when tested to ISO 13953;

fusion joints contain fine particulate contamination (particle size <50 pm) evenly distribuf
nd dispersed around the whole fusion”joint circumference and proven to generate brit
ilures when tested according to 1SO-13953.

pbcedure to be qualified for the detection of imperfections:

more of the embedded planar lack of fusion imperfections (Category A) shall be detected w]
se calls. To be considered a detected imperfection, the reported circumferential position
hperfection shall be 'within 20 mm of the true circumferential position. All other repor
tions shall be considered false calls,

hore of the 4fixSion joints containing fine particulate contamination (Category B2) shall
fied correctly'as having imperfections,

e fusion.joints containing no imperfections, there shall be no false calls.

b qualification is only required once for each pipe wall thickness range (Table 3) unless

be
ns
int

nts

3).

ns
all
no
ed

tle

ith
of
ed

be

he

procedure or any of the test equipmentis changed.

Table 3 — Pipe wall thickness ranges and associated sizes of embedded planar imperfections

for the qualification of test procedures

Wall thickness of pipe/fitting Imperfection diameters
Range
mm mm
A 8 to <30 1,2,3,4
B 30to 60 2,3,4,8
C >60 3,4,8,12
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9.2 Scan increment

The scan increment setting along the circumference of the joint is dependent upon the wall th

ickness of

the BF joint to be tested. For thicknesses <60 mm, the scan increment shall be no more than 1 mm. For

thicknesses >60 mm, the scan increment shall be no more than 2 mm.

9.3 Component geometry

If parts of the fusion zone cannot be tested in the axial or circumferential direction due to complex

geometry, these areas shall be reported.

Preparation of scanning surfaces

The test surface shall be prepared so that it is free from contamination, e.g. dirt,.dust, or ige. Ensure

that the surface is not damaged during surface preparation. The test surface shall\be examing
an(l the position of any surface damage shall be reported.

Component temperature

Th test should be conducted sufficiently after the end of the cooling time specified in th
procedure such that temperature equilibrium is assured througheut the joint thickness.

Testing

Before starting the test, a proper ultrasonic coupling between the probe and the pipe shall b
anfl maintained throughout the scan.

The zero datum (starting position) shall be recorded and the ultrasonic probe shall be mov
the¢ circumference of the BF joint to test the:eftire circumference and depth of the fusion
ar¢as that could not be tested shall be reported.

The scanning speed shall be chosen suehthat satisfactory images are generated. The scannin
dependent on factors such as numberof delay laws, scan resolution, signal averaging, pulse-
frdquency, data acquisition frequency, and volume to be tested. Missing data lines indicate th3
a scanning speed has been used.*A maximum of 5 % of the total number of lines collected in
scgdn may be missed but no.ddjacent lines shall be missed.

e axial and/or circumferential length of a joint is scanned in more than one section, an oy
least 20 mm betweenthe adjacent scans shall be applied. The testing in the circumferential
shall include the fulljoint circumference plus at least 25 mm to accommodate potential encoq

Reportable indications are those caused by voids, cracks, lack of fusion, inclusions, surface imp¢
misalignmént, and particulate contamination within the test volume.

Data storage

d visually

e jointing

b achieved

bd around
zone. Any

g speed is
repetition
it too high
one single

erlap of at
direction
er error.

brfections,

Ultrasonic testing shall be performed using a device employing computer-based data acquisition. All
A-scan data covering the test volume shall be stored for a period as agreed by the parties involved.

10 Interpretation and analysis of test data

10.1 General
Interpretation and analysis of the test data are typically performed as follows:
a) assess the quality of the test data (see 10.2);

b) identify relevant indications (see 10.3);

© IS0 2019 - All rights reserved
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c) classify relevant indications (see 10.4);

d) determine location and size of the indications (see 10.5);

e) assess the indications (see 10.6).

10.2 Assessing the quality of the test data

The phased array test shall be performed such that satisfactory images are generated which can be
evaluated. Satisfactory images are defined by appropriate:

a) coupl
b) range
C) sensit
d) signa
e) data{
It shall be
Assessing]
If the opel

shall be c4

10.3 Ide

The phasg
features s
knowledg|

To decide
be evaluat

10.4 Cla

Amplitudg
imperfect|

ng;
setting;

ivity setting;

-to-noise ratio;

cquisition (scan length, missed lines, coverage).

ensured that the signal is not saturated within the test volume.

the quality of phased array images requires skilled and expetienced operators (see Clause
ator deems the scan data quality as not meeting the requitéments of the procedure, a resc
rried out.

htification of relevant indications

d array technique provides images of both imperfections in the fusion zone and geomet
uch as BF beads and pipe/fitting walls. In ofder to identify indications of geometric featur
e of the joint dimensions is necessary.

whether an indication is relevant (caused by an imperfection), patterns or disturbances sh
ed considering the shape and signal amplitude relative to the noise level.

ssification of relevant indications

e, location and pattern-of relevant indications may contain information on the type
jon. Relevant indicatiens should be classified as agreed by the parties involved.

10.5 Determination-efllocation and size of indications

The location of an/indication in the circumferential and depth directions in the fusion zone shall
determingd from-thie acquired data. The length of an indication is defined as the dimension along
circumference of the joint and the height of an indication is defined as the dimension in the throy

wall dire

ion.

5).
an

ric

all

of

be
he
gh

10.6 Ass

essment of indications

The assessment of indications can be based on signal amplitude, equivalent reflector size or reflector
pattern, or on other features. The amplitude drop can be used to determine the size of an indication.
The height of an indication in the through-wall direction should be determined at the scan position of
maximum extent. The maximum amplitude and size of each indication should be evaluated according to
the specified acceptance criteria agreed by the parties involved.

10
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The test report shall include all specific test requirements, procedural details and results for a
particular test. The test report shall include at least the following information.

a) Reference to this document,i.e. ISO/TS 22499.

b) Information relating to the inspection:

1) testreportnumber;
ZJ names, signatures and qualifications of personnerl;
3) date of tests.

c) | Information relating to the test object:

1) identification of the test object (e.g. pipe-to-pipe, pipe-to-fitting or fitting-to-fitting);

2) joint dimensions (nominal OD, thickness);

3) type of material;

4) location of fusion joint(s) examined;

5) condition and temperature of surface.

d)| Information relating to equipment:

1) manufacturer and type of phased array instfdment and software revision, including scanning
mechanism with identification numbers. if required;

2) manufacturer, type and frequency.'0of phased array probes, including number apd size of
elements, pitch and gap between)elements, material and angle(s) of wedges (if any), with
identification numbers if requitded;

3) details of reference block(§) with identification numbers if required;

4) type of couplant useds

e) | Information relating te-fest technique:

1) reference toaWritten qualified procedure;

2) purposeand extent of test;

3) details of datum and coordinate systems;

4), \method and values used for range and sensitivity settings;

5Y details of signal processing and scan increment settings;

6) scan plan;

7) access limitations and deviations from this document, i.e. ISO/TS 22499, if any.

f) Information relating to phased array settings:

1) testing technique;

2) electronic increment (E-scans) or angular increment (S-scans);

3) focus;

4) virtual aperture size, i.e. number of elements and element width;
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g)

12

5) element numbers used for focal laws.

Information relating to test results:

1
2)

3)

4)

reference to the phased array raw data file(s);

phased array images of at least those locations where relevant indications have been detected

on hard copy, all images or data available in soft copy;

tabulated data recording the classification, location and size of relevant indications and results
of evaluation;

I’

bcord of all areas not tested.
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A.f—Reference reftectors

Fo
m4

Fo
md

Thi tolerances for all the dimensions of the reference reflectors are as follows:

ISO/TS 22499:2019(E)

Annex A
(informative)

Example of reference reflectors and reference blocks

side-drilled hole (SDH):

diameter: +0,5 mm
length: £5 mm
angle: £2°

depth: +1,0 mm

surface notch (rectangular):

depth: £0,2 mm
width: £0,2 mm

length: £5 mm

" a thickness t <30 mm, at least three reference reflectors are recommended. The ceflectdrs may be
chined in one or more blocks (see Figures A.1 and A.2).

" a thickness t >30 mm, at least five reference reflectors are recommended~The reflectofs may be
chined in one or more blocks (see Figures A.1 and A.2).

The recommended referencé reflectors for different wall thicknesses are described in Table 4.1.

NO

TE

Other types of{référence blocks are available, e.g. in ASTM E3044MI[13],

© IS0 2019 - All rights reserved

13


https://standardsiso.com/api/?name=5d5c3add2854199866e146b07f9d76ed

ISO/TS 22499:2019(E)

Table A.1 — Dimensions and positions of SDH and notch reflectors on the reference block

Dimensions in millimetres

SDH Notch (bottom surface)
Thickness Depthto | Diameter Length Depth Length Width
hole centre D L h I w
4 2 30
8<t<30 1
0,5¢t 2,5 60
4 2 30
0,25t 45
30<st<60 2
0,5¢t 3 60
30 1
0,75¢ 75
4 2 30
0,25t 45
60 <t<100 2
0,5t 4,5 60
0,75¢ 75
NOTE The depth refers to a distance from the surface.

A.2 Reference blocks

A.2.1 Reference block with SDHs and a surface notch,—'Single block use

EL w
E | —1L
=V
<
<
details of "A" details of /B* - -
~
. Q| | K°
1 D\ A ol o] o
- W
< ~
()
B
Key
D’ diameger of SDHs at positions 0,25 ¢, 0,5 tand 0,75 ¢
D  diameterof'SDH 4 mm below the surface
L  lengthof SDH
h  depth of notch from the bottom surface
[ length of notch at the bottom surface
t  thickness
w  width of notch at the bottom surface
NOTE The top SDH, 4 mm below the surface, can be replaced by a surface notch of dimensions given in

Table A.1.

Figure A.1 — Diagram of a single reference block containing SDHs at positions 0,25¢,0,5¢, 0,75 t
and a notch at the bottom surface

14 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=5d5c3add2854199866e146b07f9d76ed

ISO/TS 22499:2019(E)

A.2.2 Reference block with SDHs and a surface notch — Multiblock use

€ Y
- =
<
defails of “A" details of "“B” -
o , L
v —
o N
< / e===1 “~
| ()
B
a)
E ] _ —>|<—‘W—
' < i
e ) I
defails of “A” details of "B” H
o
A
- N
~
< / ]
i ~ -
B N
rh-
S
5]
~
LN
N~
o
b)
Key
D’| diameterof SDHs at positions 0,25 ¢, 0,5 tand 0,75 ¢t
diameter of SDH 4 mm below the surface
tength of SDH

depth of notch from the bottom surface
length of notch at the bottom surface
thickness

S ¢~ >y

width of notch at the bottom surface

NOTE1 Detail A shows an SDH located 4 mm below the test surface, with a diameter of 2 mm and a length
of 30 mm.

NOTE 2  Detail B shows a notch at the bottom of the reference block (see Table A.1 for dimensions).
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NOTE3  The top SDH, 4 mm below the surface, can be replaced by a surface notch of dimensions given in
Table A.1.

Figure A.2 — Diagram of multi-reference blocks containing SDHs and a bottom surface notch (a)
SDH at 0,5 t and (b) SDH at 0,25 ¢ (or 0,75 t) position
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