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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO

member bodies). The work of preparing International Standards is normally carried out

through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD

ISO 18211:2016(E)

Non-destructive testing — Long-range inspection of above-
ground pipelines and plant piping using guided wave
testing with axial propagation

1

Scope

This|International Standard specifies a method for long-range testing of carbon and loy
above-ground pipelines and plant piping using guided ultrasonic waves with axial prepaga
on tHe entire circumferential pipe section, in order to detect corrosion or erosion ddmage.

The

buided wave testing (GWT) method allows for fast inspection of abovesground pip

pipirlg and cased road crossings, giving a qualitative screening and localization of probal

and

g¢roded areas. GWT is typically performed on operating piping systems,

This|International Standard is applicable to the following types of pipes:

a)
b)
‘)
d)

NOT

jdbove-ground painted pipelines;

dbove-ground insulated pipelines;

Ijinted plant piping;
insulated plant piping.

H Pipe sections within road crossings withJexternal casings (without bitumen or plastid

a spefial case of buried pipe where there is no seil pressure on the OD of the pipe. This Internatig
appligs to these cased road crossings.

Other types of pipes not included inxthe above list need dedicated approaches due t
complexity.

2
The

Normative references

following documents, in whole or in part, are normatively referenced in this docunj

indigpensable for its-application. For dated references, only the edition cited applies. |
referfences, the latest/edition of the referenced document (including any amendments) appl

ISO 9712, Non=-destructive testing — Qualification and certification of NDT personnel

3

Terms and definitions

v-alloy steel
tion applied

blines, plant
le corroded

coating) are
nal Standard

0 increased

ent and are
For undated
es.

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

31

axial direction

dire

3.2
circ
dire

3.3

ction along the main axis of the pipe

umferential direction
ction around the circumference of the pipe

total pipe wall cross-section

TCS

area between the inner and outer diameters of the pipe in a plane perpendicular to the pipe axis
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cross-section change
equivalent cross-section change calculated assuming that an indication is purely caused by a change in

the cross-se

3.5

ction of the pipe wall

datum point
reference point for reporting a test position (3.16) and for correlating test results with the corresponding
position on the test object

3.6

dead zone
length of pij
because the

3.7

flexural mg
non-symme
axial, circun

3.8

focus
concentrati
hardware s¢

3.9

geometric feature

pipeline feaf
a cross-secti

3.10
guided way
distinct typ

3.11
longituding
symmetric
predominan

3.12
primary m¢
guided wave

3.13
probe ring
circumferen

be on either side of the test position (3.16) where reflectors of interest cannot be detg
y are covered by the transmitted pulse

de

hferential and radial directions

n of guided waves at a single axial and circumferential“position, achieved eithg
ttings or by post-processing of a recorded set of signals {synthetic focus)

ure (e.g. weld, support, flange, bend, etc.) causing'the reflection of guided waves becay
bn change (3.4) or other acoustic impedancevariation

e mode
e of guided wave with a specific vibfation pattern

11 mode

tly in the axial direction’(3.1)

pde
mode (3.10)hich is chosen for the incident wave

tial'eomponent, containing transducer elements with direct contact to the pipe

bcted

fric bending type mode of guided wave propagation in pipes, with particle-displacements in

r by

se of

fompression type mode-of-guided wave propagation in pipes, with particle displacements

3.14

secondary mode
guided wave mode (3.10) which is different from the primary mode (3.12) and is generated by mode
conversion at pipe features or discontinuities

3.15

test frequency
centre frequency of the pulses transmitted by the probe ring (3.13)

3.16
test positio

n

axial position on the pipe where the probe ring (3.13) is placed
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3.17

testrange

distance between the test position (3.16) and the furthest position for which the minimum acceptable
sensitivity of the reference signal is achieved, in each direction (positive or negative)

3.18

torsional mode
symmetric twisting type mode of guided wave propagation in pipes, with particle displacements in the

circu

n

mferential direction (3.2)

oact

4

The
ISO 9

Train
betw

5

Ultrg
travd

The

instr
are 1
signa
wave

arcannal
COou P\/l SVUIIIIC I

personnel performing ultrasonic guided wave testing shall be qualified in caccor
712 or with any another equivalent standard of the relevant industrial sector.

ling in the use of the specific equipment is required because there aré)significant]
een the available systems and diagnostic approaches.

reneral

sonic guided wave testing (GWT) uses elastic waves which-afe guided along the pipe
1 long distances, thus providing rapid near complete coverage of the volume of the pip

typical test setup is comparable to conventional cultrasonic pulse-echo testing: a
ument forces transducers in the probe ring to generate ultrasonic waves in the pipg
eflected by discontinuities and received by the same probe ring. The time-of-flight of
| indicates the distance between the discontinuities and the probe ring. A single test
s can cover a length of pipe of tens of meters:

Withiin this International Standard, GWT is performed as a screening method. The reflectio

from|
How
used

discontinuities and received by the ultrasonic instrument indicate the position of the d
bver, they do not give detailed quantitative information about its morphology. Theref
to indicate any locations which need to be followed up with complementary detailed

dance with

differences

wall and can
b wall.

 ultrasonic
wall which
the received
with guided

s returning
scontinuity.
ore, GWT is
inspection.

Morg information on the naturewfguided waves is given in Annex A.

nd 500 kHz.
tained with

Withiin this International Standard, GWT typically uses a frequency range between 20 kHz 3
If the performance of the(test has been shown to have equal or better sensitivity to that ol
the frequency range specified above, a frequency lower than 20 kHz can be used for GWT.

The guccessful application of guided ultrasonic waves requires the following:

a) gelectivepure mode transmission and reception;

b) yave modes which are non-dispersive in the frequency range used;
C) overage of the full cross-sectionofthe pipn ura”;

d) signals coming from each direction shall be distinguished.

The amplitude of a reflected ultrasonic guided wave signal from a discontinuity varies in a complex
manner that depends on many factors such as test frequency, guided wave mode and the specific
morphology of the discontinuity. It is often possible to correlate the size of the reflected signal with
the overall cross-section change in the pipe wall resulting from wall loss, meaning that GWT can
qualitatively group discontinuities into different severity groups such as indications of low, medium and
high concern. However, usually the parameter of interest when testing piping systems with wall loss is
the remaining wall thickness in areas with discontinuities, which GWT cannot accurately provide (see
Annex A for more information).

It is recommended to perform ultrasonic guided wave testing using a range of frequencies to improve
the accuracy of the test. Also, GWT ultrasonic instruments often employ advanced approaches like

© IS0 2016 - All rights reserved 3
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focusing or synthetic focusing to improve the sensitivity and discontinuity sizing ability of GWT. The
use of these is not specified in this International Standard, but background information is provided in

Annex A.

6 Factor

6.1 Exter

s influencing GWT performance

nal diameter

The sensitivity of GWT depends on the cross-section change. The absolute cross-section change in a
pipe due to corrosion or erosion loss is measured in the units of area and depends on both the depth

and the cird
sectional los
an example
section that
represent a
decrease in
diameter) c
methods ar

section chamges rather than isolated pitting, GWT is still recommended forirapid testing of pipes

diameters 14

6.2 Pipeline geometry

The comple
effects of so

umferential extent of the discontinuity. GWT is sensitive to a minimum per cent of ¢
s, which is a function of both the absolute cross-section change and the pipe geomett
a discontinuity in a small diameter pipe may represent a large per cent change’in

is easily detectable using GWT, but the same discontinuity in a large diameter pipe
small cross-section change that cannot be detected using GWT. Becauseof this effe

in miss significant isolated corrosion pits, so it is recommended that.complementary
b used. When testing pipes where the known damage mechanismis,result in larger c

rger than DN 600 (24 inches in diameter).

Kity of the pipe geometry can limit guided wave propagation. Below are summarize
Ime common pipe features which can be presentinthe pipes listed in Clause 1.

ross-
y. As
oSS
may
ctive

sensitivity as pipe diameter increases, testing of pipes larger than DN600 (24 inches in

NDT
ross-
with

1 the

a) Itis not|possible to test beyond flanged joints or any;breaks of the pipe because the guided waves
cannot propagate across them.

b) Itis notjpermitted to test beyond an elbow fitting; instead, the tool shall be moved to a test pogition
on the pther side of the bend. Testing beyond “pulled” bends, where a straight length of pipe is
formed finto a curve of radius equal to fize)or more times the pipe diameter is permitted.

c) Itis permitted to test beyond a brafieh or a tee only if the diameter of the branch is no greater|than
% the djameter of the pipe being tested. This restriction is to avoid problems with distortion af the
forward travelling guided wave by interactions with the branch.

d) Itisnot[permitted to testbeyond a support if the amplitude of reflection from it is higher than|6 dB
below the weld DAC cuxve. This restriction is to avoid problems of the distortion of the forward
travelling guided wave by interactions with the support.

6.3 Testrange

The test rapge-depends on many factors which are summarized below. In general, the test range is

limited by tLWTmmﬁwmmm@W

a) Geometrical features on the pipe attenuate and/or distort guided wave modes reducing test range.

b) The type of coating on the pipe can have a large effect on test range. Typically, insulation materials
like calcium silicate do not affect test range appreciably, but coatings like bitumen drastically
reduce test range by attenuating guided wave signals.

c) This International Standard only applies to above-ground pipe, but buried pipe where there is soil
in contact with the pipe surface or pipe coating is a more difficult GWT application due to high
attenuation and low signal to noise.

d) The substance contained in the pipe affects test range and it is a complex function depending on
the specific substance, ID corrosion products and the specific guided wave mode being used.

4 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=8b27c1cf9ee0c4ea17587afd6e93cda9

ISO 18211:2016(E)

e) The presence of welds in the pipe causes reflections thereby attenuating the guided wave signal.

6.4 Road crossing

If performing GWT on a pipe passing through a road crossing with an external casing, achievement
of the test for the length of the crossing shall be proven by the test range including a reflection from a
geometrical feature (normally a weld) beyond the crossing or a reflection from a geometrical feature
(normally a weld) inside the crossing that is identifiable from both sides of the crossing.

7 Test equipment

7.1 | General
The test equipment consists of the following:

a) an ultrasonic instrument to generate and receive pulses in the frequency range from 20 kHz to
$00 kHz;

b) 4 probe ring carrying transducers for the generation of guided wave-modes;

c) a probe ring carrying transducers for the reception of reflected guided waves; it can pe the same
probe ring used for generating guided wave modes;

d) 4n electronic system for recording, processing and analysing the reflected signals.

7.2 | Probe ring

The fransmitting probe ring shall be capable of generating the primary guided wave modg in isolation
from| other possible modes of the pipe. If more than one wave mode is used, they shopld be used
separately to improve the reliability of the inspection.

The receiving probe ring shall be capable of separating the individual guided wave modes Wwhich are of
interjest for the analysis and to suppress the undesired modes (see Annex A for more informpation).

Therg are three different types of transducers currently available to generate and redeive guided
ultrasonic waves in pipes:

— iezoelectric transducers;
— ¢lectromagneticacoustic transducers (EMAT);
— 1nagnetostrictive transducers.

Thesle types:of transducers are deployed on a probe ring which is placed around the pipe.

7.3 ‘Signalprocessingandanalysissystem—M————————————————————

The signal processing and analysis system shall produce its results in a form which can be recorded
reliably on a computer storage medium.

The results which are recorded shall be in a form such that the features in the results can be correlated
to physical locations on the piping system.

7.4 Periodic verification of equipment performance

The equipment shall be verified periodically, at intervals of no more than 12 months, to check its proper
functioning and performance, and any faults found shall be corrected.

© IS0 2016 - All rights reserved 5
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This verification shall be performed in accordance with a dedicated written procedure following the
manufacturer’s instructions.

7.5 Instrument settings

If no relevant standards for instrument settings are available, the following minimum requirements
shall be met.

a) Frequency and signal settings

The settings which control the frequency and bandwidth of the signal shall be chosen to be
appropytate for specific Tetevant guided wave modes Wit fTave beerr Setected according tp the
inspection procedure to be used for the pipe under test.

b) Pulse repetition frequency

The pulse repetition frequency shall be set sufficiently low as to allow all sighals to attenuate
completely between subsequent pulses.

8 Test procedure
GWT shall b performed according to a written test procedure, which shall include at least the folloying:
a) areference to this International Standard, i.e. ISO 18211;

b) backgrqund information (including standards, restrictions; safety requirements, etc.);
c) personnel qualification;

d) adescription of the pipe to be tested;

e) range of the test;

f) access gnd environmental conditions;

g) surface|preparation;

h) equipmgnt used;

i) equipmgnt parameters and-fiinctional testing;

j) parameters for data céllection;

k) parameters for evaluation of results;

1) compleIlentary non-destructive testing;

m) reportingTequirements;

n) recording of deviations from the procedure.

9 Requirements for test data quality
The minimum requirements to assure the quality of the test data are as follows.

a) Before testing, the whole combined test system shall be checked according to the specifications
provided by the manufacturer. If the GWT instrument performs self-checks, then the results of
these shall be stored with the recorded data. Any equipment deviations from allowed specification
shall be rectified before starting the test.

6 © IS0 2016 - All rights reserved
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b)

d)

10

10.1 Preparation of the test object

10.1
The s

10.1

Testing on insulated pipes requires the removal of circular bands of insulation at all the p
the p
dired

10.1

Met4d
testi
dete
valugs-shall be recorded.

ISO 18211:2016(E)

The tolerance of range setting shall be agreed upon between the parties (due to the long

wavelength

used for GWT the tolerance on distance measurement is not likely to be better than +100 mm).

The probe ring coupling to the pipe surface shall be checked according to the procedures and
thresholds provided by the manufacturer. If the coupling is found not to meet the required
specification, then the surface preparation shall be improved, the probe ring re-applied and the

data re-sampled.

If the equipment permits an absolute amplitude calibration, then it shall be used.

Otherwise,

calibration of sensitivity, using knowledge of a well-characterized reflector, such as a girth weld,
shall be used. The calibration shall also include distance amplitude correction (DAC) or time

(nw, C v v

of the test. DAC and TCG are to be understood conceptually in the same manner as{ds
for conventional UT testing; a DAC provides a constant level of sensitivity as a.functi
allowing reflections at varying ranges to be compared in a consistent manner to a/knoy
evel. The calibration shall be set according to the instructions provided by the manufa
fWT equipment.

The signal-to-noise ratio shall be estimated according to the (procedure provi
than 6 dB; small amplitude signals below this value cannot be interpreted reliably and

noise signals being reported as discontinuities. The signal-tg-noise ratio is used to d¢
fange of the test (see 6.3 for more information on test range))

Testing

1 Surface temperature

urface temperature of the pipe shallbe within the operating range of the test equipmg

2 Removal of insulation

robe ring shall be positioned and for a length that is sufficient to allow the fixing of th
tly on to the pipe surface.

3 Wall thickness assessment

| loss at.the'probe ring location affects the test performance of GWT. Visual testing an
g shall'be performed to assess the presence of external or internal metal loss. If 1
‘ted, it is recommended that the probe ring is attached to an alternative location. The w

n the range
established
on of range,
n reference
cturer of the

ded by the

manufacturer. For adequate interpretation of the test data, the signal*to-noise ratio shall be greater

will lead to
termine the

bnt used.

oints where
e probe ring

d ultrasonic
netal loss is
h11 thickness

GWT does not provide inspection coverage in the dead zone. One way of providing 100 % pipe
inspection coverage is to perform more than one guided wave test on a piping system where there is
sufficient overlap between tests to provide inspection coverage in all dead zones. If the dead zone is not
inspected with GWT using another test location and if the dead zone is to be tested, ultrasonic testing
(or an alternative method) shall be used.

10.1.4 Surface preparation

Testing on well-adhered painted surfaces is normally satisfactory. Loose or flaking paint, superficial
corrosion products and other coatings shall be removed at the test location prior to attaching the probe
ring if required to achieve the data quality set out in Clause 9, item e).

© ISO 2016 - All rights reserved
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10.2 Probe ring test position

In a typical piping system, it is normal to require many different probe ring test positions to provide
full inspection coverage of the entire piping system. The choice of these locations for the probe
ring is critical in order to provide adequate inspection of the entire piping system (see 6.2 for more
information). The position(s) of the probe ring on the piping system shall be recorded with reference to
a known physical datum or on a piping drawing to allow repeatability.

10.3 Data collection

Data shall be collected according to the instructions provided by the equipment manufacturer and to a

dedicated procedure. This procedure shall include instruction on the following:

a) ensuring proper probe ring coupling to the pipe surface;

b) ensurinE proper electrical connection between system components;

c) setting fest equipment parameters;

d) setting test equipment range;

e) setting test equipment sensitivity;

f) verifying data quality.

10.4 Reporting sensitivity

Prior to GWIT data interpretation, DAC or TCG curves shall be applied to establish sensitivity using the
requirements in Clause 9, item d. In practice, it is typically;not possible to perform an absolute ampljtude

calibration ¢f the GWT test equipment.

A pipe end v
sound energ
have such a

ith a machined surface normal to the pipe axis represents an ideal 100 % reflector of
y and it is ideal to establish a DAC:.However, when performing GWT, it is also not typi

machined syrface normal to the pipe axis and it is not recommended to use to establish a DAC.

When inspe
establish th
which leads
applicationg
thickness in|
changes ang
performing
20 % for gir
that flanges

cting operating piping systems, it is typical to use the reflections from girth wel

to some variability-in/sensitivity level. For most pipe schedules used in typical indu
, girth welds reflect 20 % of the guided wave sound intensity. For pipe schedules

the girth welds will reflect a different percentage of guided wave sound intensity. {
GWT screening inspections on piping systems, it is typically sufficient to use the val
th weld-reflections. If more accuracy is required, then other techniques are required.
are:ngt the same as a pipe end with a machined surface normal to the pipe axis due t

pipe end available. Note that thé bevelled end of a pipe before welding is not the same

e DAC sensitivity level. However, there is natural variability in the geometry of girth w

excess of 13 mim, the relative percentage of weld reinforcement compared to pipe thick

GWT
ral to
as a

s to
elds,
strial
with
(ness
Vhen
ue of
Note
o the

geometry dilfferences, and do not strictly reflect 100 % of the guided wave sound intensity.

A machined surface normal to the pipe axis reflects 100 % sound intensity, which is typically defined
as 0 dB. Therefore, a girth weld that reflects 20 % sound intensity is equivalent to -14 dB and a
discontinuity that reflects 5 % is equivalent to -26 dB.

10.5 Data interpretation

A call level shall be established that has the same shape as the DAC and is above the usable signal-to-
noise level as described in Clause 9. The call level is to be agreed upon between the contracting parties
or shall be determined using an appropriate procedure as supplied by the equipment manufacturer.
All signals higher in amplitude than the call level shall be subjected to the interpretation procedure.
Responses lower in amplitude than the call level can be evaluated if the signal-to-noise ratio meets the
requirements in Clause 9. All relevant signals shall be recorded on the test report. In the absence of
agreement between contracting parties or equipment manufacturer’s guidelines, the call level shall be

8 © IS0 2016 - All rights reserved
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set to the equivalent of a discontinuity that reflects 5 % of the guided wave sound intensity or -26 dB
below the reflection from a machined surface normal to the pipe axis. The call level shall be included in
the test report.

10.6 Detection sensitivity

The test sensitivity is a function of many variables and depends on the following:

a)
b)

the test equipment, including the ultrasonic instrument and the probe ring;

the specific guided wave mode;

c) 1

q

d) t

q

The
sens

10.7

he diameter of the pipe being tested; the same isolated wall loss discontinuity that isg

gmall diameter pipe may not be detected in a larger diameter pipe;

he type of discontinuity in the pipe, as the guided wave reflection coefficient will not

31l wall loss discontinuities (see Annex A for more information).

instructions provided by the equipment manufacturer shall be used for any as
tivity.

Visual confirmation

All indications from the GWT test shall be confirmed visually’ whenever possible. Where |

locat]

ions of geometric features shall be identified visually:and their positions shall be m

compared with the GWT results.

11 ¢

The

india
does
thesd
secti

Ther]
stan

Complementary NDT to support the GWT

GWT method provides rapid screening of the complete volume of the entire pipe,
ations are called. However, it does not provide direct characterization of the indicat
not provide screening results for.certain locations where clear GWT signals cannot |
e include the material adjacent te_large reflectors such as flanges, valves, and branchg
pns between closely spaced major features where it is not possible to achieve sufficien

efore, complementary stesting using other methods and applied according to th
lards, shall be used te

erform follow up inspection of all indications that have been identified by GWT, and

erform inspéction of local areas which cannot be tested by GWT, but nevertheless arg
e inspectedby the test program.

Complementary NDT is necessary to give a complete evaluation of the pipe and it is considd
essentiahpart of the inspection.

letected in a

be equal for

sessment of

bossible, the
basured and

from which
ions. It also
be obtained;
s, and short
L access.

pir relevant

required to

red to be an

12 Test report

At the end of the inspection, a test report shall be compiled to document the results of all GWT and
complementary NDT performed. The final test report shall include the following:

a)
b)
c)
d)
e)

i

i

© ISO

date and place of test;

dentification of client;

dentification of pipeline;

section of pipeline tested;

pipe diameter and thickness;
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f) testconditions and any variation during the test;
g) part of the pipe tested;

h) testtechnique;

i) testequipment;

j) guided wave modes and test frequencies used;

k) probe ring position relative to the datum;

1) size of thedead—zone;

m) length df pipe tested and any areas which cannot be tested;
n) distancg¢-amplitude-correction curve (DAC), relative to a known geometrical feature (i.e. a we|d);
o) calllevdl (all echoes above the call level shall be identified and interpreted);
p) schematic indication of the features identified;

q) indicatipn of the loss of cross section and, when possible, circumferential extent and angular
position of possible discontinuities;

r) identifi¢ation of company who conducted the test;
s) reference to test procedure;
t) referenge to contractual documents, standards, etc.;

u) name, qualification and signature of the operator whoé conducted the test.
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Annex A
(informative)

Selection of guided wave modes

A.1 Physics of guided waves

Guidgd waves are waves whose propagation is guided by a structural shape. In general,'g
may
wavgs used for the GWT of pipes are stress waves which are guided in the solid matérial d
the pipe.

The
displlacements of the wave. The guiding effect enables propagation for\long distances wj
dissipation. The guided waves are properties of the structure; only the guided waves whic
exist]

Guidpd waves can exist in many forms (“modes”) within any choseén structure. Some are d
axial
motipn, and so on. Furthermore, in general, the speeds of these waves vary with frequency,
dispérsive. Therefore, it is critical to both understand-and control selected guided waves
perfq

A2

The
the dispersion curves, which show theispeed of each guided wave mode versus the freqy
are dalculated using mathematical theory. There is a separate dispersion curve for each m
disp¢rsion curves are different forneach size of a pipe.

The
their
in pipes are named conventionally in three groups: longitudinal (“L”), flexural (“F”) and tor

A3

Guided waverbéhaviour is complex and it is important to understand that the successful ¢
of the GWTP'method requires a commitment to a careful test strategy. The elements of the t
are gsdo]lows.

a)

b)

exist in structured shapes of any materials (solid, liquid, gas) and at any freguency.

shape and material properties determine the direction, speed and distributions of §

in a given structure can be considered for possible exploitation:

extensional motion (similar to UT compression waves), séme by twisting motion, som{

rm reliable tests.

Dispersion curves and mode shapes

primary information to present thélproperties of guided waves for any particular

bther key descriptor of(the’guided waves is their mode shapes. These are the physid
displacements, describing the form of motion: extensional, torsional, flexural, etc. Gi

Selectionof specific guided wave modes

hided waves
The guided
f the wall of

tresses and
ith minimal
h are able to

bminated by
e by bending
i.e. they are

in order to

structure is
ency. These
ode and the

al shapes of
hided waves
sional (“T").

levelopment
est strategy

Pure mode transmission

Without careful control, there are many modes which will travel in a structure concurrently and

at different speeds. GWT uses careful choice of transducers, probe ring and signals
just one pure guided wave mode in the structure, named as the “primary mode”

to generate
of the test.

This is the reason why GWT uses a complex ring of transducers around a pipe, with tone burst
signals. Furthermore, GWT transducer systems are designed to perform separate tests in the two
directions along the pipe from the test position (separate upstream and downstream propagation).

Dispersion

GWT uses modes and frequencies such that the shape of the guided wave signal does not change
significantly as the wave propagates. Without proper choice of modes and frequencies, the guided

© ISO 2016 - All rights reserved
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wave signal can spread out temporally and spatially making interpretation of guided wave
reflections from discontinuities difficult.

c) Mode shape
GWT uses modes which are sensitive to the expected discontinuities in pipes; specifically, the GWT
of pipes uses modes which reflect with significant amplitude from defects on either the internal or
external wall.

d) Multiple mode reception

The reflected signals which are received at the probe ring are generally a mixture of the primary

mode a
frequen
a disco
convert|
wave is

The quality
achieve the

A.4 Refle

The reflecti
for convent
discontinuit
reflection aj

Discontinuif
guided wav
three discoi
can be mods
straight-sidg
shows, in sd
details of th

Figure A.1 4
primary md
primary mg
reflection c
for longitud

Figure A.2 {
primary mo
but has incn
of the test:

nd a number of other propagating modes which can exist in the structure at the
cy and which are generated by mode conversion when the primary mode reflects

ed wave, named the “secondary wave”. Processing of both the primary and the secon
used to enhance the interpretation of the reflecting features.

Fequirements listed above.

ction of guided waves from discontinuities

vity of guided waves from discontinuities requires a _different understanding than
onal bulk wave UT. Unlike bulk wave UT, guided,waves can reflect significantly

e the extent of the discontinuity in the circumfetential, axial and depth directions.

s is strictly a complex multi-parameter relationship. However, the key influences ar

lled by considering these three dimensions; that is to say by considering the reflection

test
from

htinuity. GWT detects the reflected primary mode and normally also a selected inode

dary

of the performance of the equipment and the care of the user are gritically important to

that
from

ies whose depth is much smaller than the wavelength. The main determinants of the

ies caused by corrosion are variable and.typically unknown in shape, so reflectivity of

e the

itinuity dimensions as stated above. Fitthermore, the nature of the reflection relatiopship

from
e A.3

bd notches with a range of widths; depths and lengths. Figure A.1, Figure A.2 and Figur
hematic form, the reflectivity from notches according to these three dimensions. Fu
e nature of the reflection ofiguided waves from corrosion defects are given in Refereng

hows the reflection versus the circumferential extent of a notch. The incident wave i
de (longitudinal or(torsional); the figure shows the reflection coefficient for the
de and also the mode-converted secondary wave (flexural). This figure shows th
efficient is proportional in simple linear manner to the circumferential length of the
nal and sheab.odes.

hows the veflection versus the depth of a notch. The incident and reflected waves ar

easing sensitivity with depth of the notch. This curve is different for different param

rther
e [1].

s the
same

the
otch

e the

de (longitudinal or torsional). This figure shows that the reflection coefficient is not linear,

eters

n-general, its sensitivity is increased by increasing the frequency and is also affectd

d by

pipe diameter and wall thickness.

Figure A.3 shows the reflection versus the axial length of the notch. Again, the incident and reflected
waves are the primary mode (longitudinal or torsional). However, there is a significant variation of
the reflection according to the axial length of the notch and this can be understood simplistically as
interference between reflections from the near and far ends of the notch. In practice, such extreme
variation in reflection does not occur because real discontinuities are not straight-sided and regular
in shape. Also, in practice, the axial lengths corresponding to the maxima and minima of this curve
depend on the test frequency, so testing at a range of frequencies avoids the nulls in reflected waves.

12
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