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Standard Practice for
Acoustic Emission Examination of Reinforced
Thermosetting Resin Pipe (RTRP) *

This standard is issued under the fixed designation E 1118; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope E 976 Guide for Determining the Reproducibility of Acous-
1.1 This practice covers acoustic emission (AE) examina- _{ic Emission Sensor Resporise _ o
tion or monitoring of reinforced thermosetting resin pipe E 1316 Terminology for Nondestructive Examinatidns

(RTRP) to determine structural integrity. It is applicable to 2-2 ASNT Standard$: o -

1.2 This practice is applicable to pipe that is fabricated witn ~_ fion in Nondestructive Testing B
fiberglass and carbon fiber reinforcements with reinforcing ASNT SNT-TC-1A Personnel Qualification and Certifica-

contents greater than 15 % by weight. The suitability of these _ tion in Nondestructivse Testing
procedures must be demonstrated before they are used for2-3 Military Standards:

piping that is constructed with other reinforcing materials. MIL-STD-410 Nondestructive Testing Personnel Qualifica-
1.3 This practice is applicable to tests below pressures of 35  tion and Certification o _
MPa absolute (5000 psia). NAS-410 Certification and Qualification of Nondestructive

1.4 This practice is limited to pipe up to and including 0.6 Test Personnel

m (24 in.) in diameter. Larger diameter pipe can be examine% Terminology
3

with AE, however, the procedure is outside the scope of thi ) ]
practice. 3.1 Complete glossaries of terms related to plastics and
1.5 This practice applies to examinations of new or in-acoustic emission will be found in Terminologies D 883 and
service RTRP. E 1316. _— o . .
1.6 The values stated in SI units are to be regarded as the 3-2 Definitions of Terms Specific to This Standard:

standard. The values given in parentheses are for information 3-2-1 component and assembly proof testing program of
only. tests on RTRP components designed to assess product quality

1.7 This standard does not purport to address all of thein @ manufacturer’s plant, at the installation site, or when taken
safety concerns, if any, associated with its use. It is the@ut of service for retesting. An assembly is a shippable unit of

responsibility of the user of this standard to establish appro-factory-assembled components. o
priate safety and health practices and to determine the 3.2.2 count value N—an evaluation criterion based on the

applicability of regulatory limitations prior to useor more  total number of AE counts. (See A2.5.) b +D
specific safety precautionary information see 8.1. 3.2.3 diameter to thickness ratio (d#)equal to—>5— o '

2. Referenced Documents where (Q) is the outside pipe diameter, {jOs the inside pipe
21 ASTM Standards: diameter, and (t) is the wall thickness, as measured in a section

D 883 Terminology Relating to Plastits of straight pipe.

E 650 Guide for Mounting Piezoelectric Acoustic Emission .3'2'4 high-amplitude thresholéka threshold for large am-
plitude events. (See A2.3.)

Sensors 3.25i ice systems testi f periodic test
E 750 Practice for Characterizing Acoustic Emission Instru-, ~" IN-Service systems lestiaga program of perodic tests
mentation during the lifetime of an RTRP system designed to assess its

structural integrity.
3.2.6 low-amplitude threshold-the threshold above which
AE counts () are measured. (See A2.2))
1 This practice is under the jurisdiction of ASTM Committee EO7 on Nonde-
structive Testing and is the direct responsibility of Subcommittee E07.04 on

Acoustic Emission. —
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3.2.7 manufacturers qualification testirga comprehensive and may be repaired and retested as appropriate. Repair
program of tests to confirm product design, performancerocedure recommendations are outside the scope of this

acceptability, and fabricator capability. practice.
3.2.8 operating pressure-pressure at which the RTRP nor-
mally operates. It should not exceed design pressure. 6. Basis of Application

3.2.9 qualification test pressure-a test pressure whichis set 6.1 Personnel Qualification
by agreement between the user, manufacturer, or test agency, 06.1.1 If specified in the contractual agreement, personnel
combination thereof. performing examinations to this standard shall be qualified in
3.2.10rated pressure-a nonstandard term used by RTRP accordance with a nationally recognized NDT personnel quali-
pipe manufacturers as an indication of the maximum operatin§ication practice or standard such as ANSI/ASNT-CP-189,
pressure. SNT-TC-1A, MIL-STD-410, NAS-410, or a similar document
3.2.11 RTRR—Reinforced Thermosetting Resin Pipe, a tu-and certified by the employer or certifying agency, as appli-
bular product containing reinforcement embedded in or sureable. The practice or standard used and its applicable revision
rounded by cured thermosetting resin. shall be identified in the contractual agreement between the
3.2.12 RTRP systema pipe structure assembled from vari- Using parties.
ous components that are bonded, threaded, layed-up, etc., into6.2 Qualification of Nondestructive Agenciesf specified
a functional unit. in the contractual agreement, NDT agencies shall be qualified
3.2.13 signal value M—a measure of the AE signal power and evaluated as described in E-543. The applicable edition of
(energy/unit time) which is used to indicate adhesive bond=-543 shall be specified in the contractual agreement.
failure in RTRP cemented joints. (See A2.4.) 6.3 Timing of Examinatioa-The timing of examination
3.2.14 summing amplifier (summer, mixegan operational shall be in accordance with paragraph 11 unless otherwise

amplifier that produces an output signal equal to a weighte§Pecified. o o
sum of the input signals. 6.4 Extent of Examination-The extent of examination shall

3.2.15 system proof testinga program of tests on an be in accordance with paragraph 9.4 unless otherwise specified.

assembled RTRP system designed to assess its structuraﬁ'5 Reporting Cr_lterl_a/Acceptance CrlteH_aReportlng cri=
integrity prior to in-service use. teria for the examination results shall be in accordance with

paragraph 12 unless otherwise specified. Since acceptance
4. Summary of Practice criteria are not specified in this standard, they shall be specified
) _ ) o _ ~ in the contractual agreement.
4.1 This praCtlce consists of SUbJeCtlng RTRP to Increasing 6.6 Reexamination of Repaired/Reworked Items
or cyclic pressure while monitoring with sensors that areReexamination of repaired/reworked items is not addressed in

sensitive to acoustic emission (transient stress waves) causgfls standard and if required shall be specified in the contrac-
by growing flaws. Where appropriate, other types of loadingyal agreement.

may be superposed or may replace the pressure load, for
example, thermal, bending, tensile, etc. The instrumentatiog |nhstrumentation

and techniques for sensing and analyzing AE data are de- 7.1 The AE instrumentation consists of sensors, signal

scribed. . . . L . processors, and recording equipment. Additional information
4.2 This practice provides guidelines to determine the Ioca—on AE instrumentation can be found in Practice E 750
tion and §ever|t¥ of strU(_:turaI ﬂ‘_"‘WS, In RTRP. o 7.2 Instrumentation shall be capable of recording AE counts
4.3 This practice provides guidelines for AE examination ofang AE events above the low-amplitude threshold. It shall also
RTRP within the pressure range stated in 1.2. Maximum te§fecord events above the high-amplitude threshold as well as
pressure for RTRP will be determined upon agreement amonggnal valueM within specific frequency ranges, and have
user, manufacturer, or test agency, or combination thereof. Thg ficient channels to localize AE sources in real time. It may

test pressure will normally be 1.1 multiplied by the maXimumincorporate (as an option) peak amplitude detection. An AE

operating pressure. event amplitude measurement is recommended for sensitivity
o verification (see Annex A2). Amplitude distributions are rec-
5. Significance and Use ommended for flaw characterization. It is preferred that the AE

5.1 The AE examination method detects damage in RTRRnstrumentation acquire and record count, event, amplitude,
The damage mechanisms detected in RTRP are as followend signal valué information on a per channel basis. The AE
resin cracking, fiber debonding, fiber pullout, fiber breakageinstrumentation is further described in Annex Al.
delamination, and bond or thread failure in assembled joints. 7.3 Capability for measuring parameters such as time and
Flaws in unstressed areas and flaws which are structurallgressure shall be provided. The pressure-load shall be continu-
insignificant will not generate AE. ously monitored to an accuracy af2 % of the maximum test

5.2 This practice is convenient for on-line use under opervalue.
ating conditions to determine structural integrity of in-service
RTRP usually with minimal process disruption. 8. Test Preparations

5.3 Flaws located with AE should be examined by other 8.1 Safety Precautions-All plant safety requirements
techniques; for example, visual, ultrasound, and dye penetraninique to the test location shall be met.
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8.1.1 Protective clothing and equipment that is normally 8.8 Instrumentation SettingsSettings will be determined
required in the area in which the test is being conducted shalh accordance with Annex A2.

be worn.
8.1.2 A fire permit may be needed to use the electroni®. Sensors
Instrumentation. 9.1 Sensor Mounting-Refer to Guide E 650 for additional

8.1.3 Precautions shall be taken against the consequencesj@formation on sensor mounting. Location and spacing of the
catastrophic failure when testing, for example, flying debrissensors are discussed in 9.4. Sensors shall be placed in the

and impact of escaping liquid. designated locations with a couplant interface between sensor
8.1.4 Pneumatic testing is extremely dangerous and shall bghq test article. One recommended couplant is silicone-
avoided if at all possible. stopcock grease. Care must be exercised to ensure that ad-
8.2 RTRP Conditioning equate couplant is applied. Sensors shall be held in place
~8.2.1 If the pipe has not been previously loaded, no condiytilizing methods of attachment which do not create extraneous
tioning is required. signals. Methods of attachment using strips of pressure-

8.2.2 If the pipe has been previously loaded, one of twosensitive tape, stretch fabric tape with hook and loop fastener,
methods shall be used. For both methods, the maximurgr suitable adhesive systems may be considered. Suitable
operating pressure-load in the pipe since the previous examidhesive systems are those whose bonding and acoustic
nation must be known. If more than one year has elapsed singgupling effectiveness have been demonstrated. The attach-
the last examination, the maximum operating pressure-loaghent method should provide support for the signal cable (and
during the past year can be used. (See 11.2.3.) preamplifier) to prevent the cable(s) from stressing the sensor

8.2.2.1 Option | requires that the test shall be run from 90 ur causing loss of coupling.
to 110 % of the maximum operating pressure-load. In this case 9.2 Surface Contaet-Reliable coupling between the sensor
no conditioning is required. (See Fig. 7.) If itis not possible toand pipe surface shall be ensured and the surface of the pipe in
achieve over 100 % of the maximum operating pressure-loadgontact with the sensor shall be clean and free of particulate
Option Il may be used. matter. Sensors should be mounted directly on the RTRP

8.2.2.2 Option Il requires that the operating pressure-loadurface unless integral waveguides shown by test to be
be reduced prior to testing in accordance with the schedulgatisfactory are used. Preparation of the contact surface shall be
shown in Table 1. In this case, the maximum pressure-loadompatible with both sensor and structure modification re-
need be only 100 % of the operating pressure (see Fig. 8). quirements. Possible causes of signal loss are coatings such as

8.3 RTRP Pressurizing-LoadirgArrangements should be paint and encapsulants, inadequate sensor contact on curved
made to pressurize the RTRP to the appropriate pressure-loaslirfaces, off-center sensor positioning and surface roughness at
Liquid is the preferred pressurizing medium. Holding pressurethe contact area.
load levels is a key aspect of an acoustic emission examination. 9.3 Zone Locatioa-Several high-frequency sensors (100 to
Accordingly, provision shall be made for holding the pressure250 kHz) are used for zone location of emission sources.
load at designated check points. Attenuation is greater at higher frequencies requiring closer

8.4 RTRP Suppo#t-The RTRP system shall be properly spacing of sensors. Zones may be refined if events hit more
supported. than one sensor. (See Fig. 1 and Annex A3.)

8.5 Environmental-The normal minimum acceptable 9.4 Locations and SpacingsSensor locations on the RTRP
RTRP wall temperature is 4°C (40°F). are determined by the need to detect structural flaws at critical

8.6 Noise Reductior-Noise sources in the examination sections, for example, joints, high-stress areas, geometric
frequency and amplitude range, such as malfunctioning pumpdiscontinuities, repaired regions, and visible defects. The
or valves, movement of pipe on supports, or rain, must bewumber of sensors and their location is based on whether full
minimized since they mask the AE signals emanating from theoverage or random sampling of the system is desired. For full
pipe. coverage of the RTRP, excluding joints, sensor spacings of 3 m

8.7 Power Supply-A stable grounded power supply, meet- (10 ft) are usually suitable.
ing the specification of the instrumentation, is required at the 9.4.1 Attenuation Characterizatier-Signal propagation
test site. losses shall be determined in accordance with the following

@ 2
—‘l g& - L %8 = _L!__é

<0.3m (12 IN.) @= Position of Sensor

Note 1—A maximum of three sensors can be connected into one channel.
FIG. 1 Typical Sensor Positioning for Zone Location
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8 MIN. FINAL HOLD

Tw MIN. HOLD
Tr MIN. HOLD

2 MIN. HOLD

100

Tv MIN. HOLD

2 MIN. HOLD

90+
87.5-1

TH MIN. HOLD

2 MIN. HOLD

77.5-
75

4 MIN.

HOLD
65— ©

T MIN. HOLD

2 MIN. HOLD

50—

40+

25+
10 - 30 MIN
BACKGROUND
DETERMINATION

PERCENT OF QUALIFICATION TEST PRESSURE

Timg ——

Note 1—Diameter to thickness ratio (d/f 16, T, =2 min. Diameter to thickness ratio (d/t) < 16,,F 4 min.
FIG. 2 RTRP Manufacturer’'s Qualification Test, Pressurizing Sequence

RECORD AE

RECORD AE
DATA DURING
PRESSURIZING

NOT QUALIFIED

TERMINATE
TEST

REDUCE BACKGROUN D
T0 ACCEPTABLE LEVEL

FIG. 3 AE Test Algorithm—Flow Chart, RTRP Qualification Test (see Fig. 2)

procedure. This procedure provides a relative measure of the 9.4.1.1 Select a representative region of the RTRP. Mount
attenuation, but may not be representative of a genuine everdn AE sensor and locate points at distances of 150 mm (6 in.)
It should be noted that the peak amplitude from a mechanicaind 300 mm (12 in.) from the center of the sensor along a line
pencil lead break may vary with surface hardness, resiparallel to the axis of the pipe. Select two additional points on
condition, cure, and test fluid. For pressure tests, the attenughe surface of the pipe at 150 mm (6 in.) and 300 mm (12 in.)

tion characterization shall be carried out with the plpe full Ofa|0ng a helix line inclined 45° to the direction of the Original
the test fluid.
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2 MINS. COMPONENT l
15 MINS. ASSEMBLY, E.G.
MANIFOLD

1530 SECS |_ NOT GREATER THAN TH

- A
100

90

60 —

10~-30 MINS,
RST TEST

30 - PIECES

PER CENT OF OPERATING PRESSURE

0 TIME ——

Note 1—Diameter to thickness ratio (d/t 16, T, =2 min. Diameter to thickness ratio (d/t) < 16,, ¥ 4 min.
FIG. 4 RTRP Component and Assembly Proof Test, Pressurizing Sequence

>30 SECS.
(TYP.)

100 —

2 MIN. HOLD

80—

60 —

CONTINUED TO 5-10 CYCLES TOTAL

40

1

10-30 MIN.
FIRST TEST
PIE

PER CENT OF DESIGN PRESSURE

20

BACKGROUND
IDETERMINATION

TIME

FIG. 5 RTRP Systems Proof Test, Pressurizing Sequence

points. At each of the four points, break 0.3-mm 2H |éaatwd 9.4.3 Sensor zone location guidelines for the following

record peak amplitude. All lead breaks shall be done at aRTRP configurations are given in Annex A3. Other configura-

angle of approximately 30° to the test surface with a 2.5-mntions require an agreement among the user, manufacturer, or

(0.1-in.) lead extension (see Guide E 976). The data shall best agency, or combination thereof.

retained as part of the original experimental record. 9.4.3.1 Case |: Coupled—Cemented or threaded joint pipe
9.4.2 Sensor Location-Severe attenuation losses occur atsystem. (The sensor on the coupling is normally required

unreinforced adhesive joint lines and across threaded jointhecause the adhesive is highly attenuative.)

Accordingly, sensors should be located on either side of such 9.4.3.2 Case II: Bell and Spigot-Cemented or threaded

interfaces. The sensor spacing on straight sections of pipe shadint pipe system.

be not greater than 3 the distance at which the recorded g 4 3 3Case Ill: Hand Lay-up—Field fabricated secondary

amplitude from the attenuation characterization equals thgong mat joint pipe system.

low-amplitude threshold. The spacing distance shall be mea- g 4 3 4 case V- Flanged Joint Pipe System.

sured along the surface of the pipe.

10. Instrumentation System Performance Check

°Pentel 0.3 (2H) lead or its equivalent has been found satisfactory for this 1_0_-1 S_ensor Coupling and Circuit (_Zontinuity Veriﬁca_ti'e'n
purpose. Verification shall be performed following sensor mounting and
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PER CENT OF OPERATING PRESSURE

10-30 MIN.
BACKGROUND
DETERMINATION

N
w
|

[

‘_‘y ’____ 8 MINUTES ‘.'
FINAL HOLD
i

/ 8 MINUTES
- / FINAL HOLD
[ —

———— OPTIONAL PRESSURIZING
SEQUENCE WITH UNLDAD STEPS

TIME ———

Note 1—Diameter to thickness ratio (d/f 16, T, =2 min. Diameter to thickness ratio (d/t) < 16,, ¥ 4 min.
FIG. 6 RTRP Systems Proof Test, Alternate Pressurizing Sequence

10 MINS.
110 HoLo

W 100

2

@ 9971 10-30 MIN.
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& DETERMINATION

g 75

o

=<
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a

()

& 50

-

Z

n)

(3]

&

o 25}

8 MINUTES
~—1Tn'——FINRL HOLDﬁ

TIME ———»

Note 1—Diameter to thickness ratio (d/& 16, T, = 2 min. Diameter to thickness ratio (d/t) < 16,,F 4 min.
FIG. 7 RTRP System In-Service Test, Option |, Pressurizing Sequence

TABLE 1 Option Il Requirements for Reduced Operating
Pressure-Load Immediately Prior to Testing

more than 6 dB from the average of all the sensors. Any
sensor-preamplifier combination failing this check should be

investigated and replaced or repaired as necessary.
10.2 Background Noise CheekA background noise check

Percent of Operat- Time at Reduced
ing Pressure or Pressure or Load,
Load, or Both or Both

10 or less 12 h

20 18 h

30 30h

40 2 days

50 4 days

60 7 days

is required to identify and determine level of spurious signals.
This is done following completion of the verification described
in 10.1 and prior to pressurizing the RTRP. A recommended
time period is 10 to 30 min. A low level of background noise
is important for conducting an examination and is particularly

important for zone location. Continuous background noise at a
level above the low amplitude threshold is unacceptable and

system hookup. The peak amplitude response of each sensdpust be reduced before conducting the examination.
preamplifier combination to a repeatable simulated acoustic

emission source (see Annex A2) should be taken prior to thél: Testing Procedure

examination. The peak amplitude of the simulated event 11.1 General Guidelines-The RTRP is subjected to pro-
generated at 150 mm (6 in.) from each sensor should not vargrammed increasing pressure-load levels to a predetermined
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T 8 MINUTES
FINAL HOLD

HOLD

100 —

CONDIT&DN]NG :
PRESSURE H
87.5 - SEE

TABLE 1

754

TH

4 MIN

it
1

4 MIN. HOLD

60 —

50

McRBrdtNa
DETERMINATION

25 —

PER CENT OF OPERATING PRESSURE

0
TIME

Note 1—Diameter to thickness ratio (d/f 16, T, =2 min. Diameter to thickness ratio (d/t) < 16,, ¥ 4 min.
FIG. 8 RTRP System In-Service Test, Option Il, Pressurizing Sequence

maximum while being monitored by sensors that detect acougesting done; see the appropriate pressurizing sequence. The
tic emission (stress waves) caused by growing structural flawsest shall be monitored continuously during the final hold
11.1.1 Load will normally be applied by internal pressur- periods.
ization of the pipe and this is the basis for the examination 11.2.1 Manufacturers Qualification TestirgThe recom-
procedure outlined in this and following sections. Servicemended pressurizing sequence is shown in Fig. 2. The test
conditions always include other kinds of significant loads.algorithm flow chart is shown in Fig. 3. The qualification test
Such loads shall be included or simulated in the test and, whelisressure shall be set by agreement between user, manufacturer,
possible, should be applied in increments similar to theor test agency, or combination thereof.
pressure. 11.2.2 Proof Testing
11.1.2 With the exception of proof testing, pressurization 11 2 2 1 Component and Assembly Proof Fedthe recom-
rates of assembled pipe systems shall be controlled so as notignded pressurizing sequence for RTRP component and as-
exceed a rate of 5% (of operating pressure) per minutesemply proof tests is shown in Fig. 3. For component proof

Pressurizing rates for component and system proof testing (S¢gsts, “total hold periods may be reduced provided that no
11.2) shall not exceed 100 % test pressure in 30 s. The desirgghissions are recorded for a 2-min period.

pressure shall be attained with a liquid (see 8.1.3 and 8.1.4). A
suitable calibrated gage shall be used to monitor pressure. ing sequences are shown in Figs. 5 and 6
11.1.3 Background noise must be minimized and identified 11.2.3 In-Service Testing ' '

(see also 8.6 and 10.2). Excessive background noise is cause ; .
for suspension of pressurization. In the analysis of examination 11.2.3.1 System In-Service Test, OptiofHreferred)—The

results, background noise that can be identified shall psecommended pressurizing sequence is shown in Fig. 7.
separated out and properly discounted. Sources of background11-2-3-2System In-Service Test, Option<The recom-
noise include the following: pumps, motors, meters and othef€nded pressurizing sequence is shown in Fig. 8. It is to be

mechanical devices, electromagnetic interference, movemeHged only in those cases in which overpressurization is not

on supports, and environmental factors such as rain, wind, et@/lowed. _ o
11.2 Pressurizing_l:our recommended pressurizing se- 11.2.4 AE Test Algonthm'FIOW Charts-Charts similar to

11.2.2.2 Systems Proof TestThe recommended pressuriz-

quences are provided as follows: Fig. 3 can be developed for the other pressurization/load
1. Manufacturers Qualification Test sequences.
2. Component and Assembly (for example, Manifold) Proof 11.3 Felicity Ratio Determination-The Felicity Ratio is
Test determined from unload/reload cycles, for manufacturer quali-
3. Systems Proof Test fication and proof testing. Following the unload, and during the
4. System In-Service Test, Option | or Option Il reload, the Felicity ratio is obtained directly from the ratio of

The initial hold period in all cases is used to determine thestress at the emission source at onset of significant emission to
background noise baseline. The data provides an estimate #fe previous maximum stress at the same point.

the total background noise contribution during an examination. 11.3.1 The Felicity ratio for in-service tests is obtained
Intermittent and final load holds vary according to the type ofdirectly from the ratio of stress at the emission source at onset
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of significant emission to the previous maximum operating 12.2.4.3 Emission continues at a load hold. For purposes of
stress at the same point. this guideline, a short (1 min or less) nonprogrammed load
11.4 Data Recording hold can be inserted in the procedure.
11.4.1 Prior to an examination the signal propagation loss 12.2.4.4 Felicity ratio is a condition on which accept/reject
(attenuation) data, that is, amplitude as a function of distanceriteria may be based.
from the signal source, shall be recorded in accordance with 12.2.5 Evaluation based on high-amplitude events is impor-
the procedure detailed in 9.4.1. tant for new RTRP. These events are often associated with fiber
11.4.2 During an examination the sum of counts above th&reakage and are indicative of major structural damage. This
low-amplitude threshold from all channels shall be monitoredcondition is less likely to govern for in-service and previously
and recorded. The location of each active zone shall béaded RTRP where emissions during a load hold and Felicity
determined and recorded (see Annex A2). The signal vislue ratio generally are more important. High-amplitude events
shall be monitored and its maximum recorded (see Annex A2)(@bove the high-amplitude threshold) is a condition on which
The number of events that exceed the high-amplitude threshoRccept/reject criteria may be based.

shall be recorded. Channels that are active during load holdis3 Report
should be noted. - REPo ) )
13.1 The report shall include the following:
12. Interpretation of Results 13.1.1 Complete identification of the RTRP, including ma-

terial type, source, method of fabrication, manufacturer’'s name

12.1 Test Termination-Departure from a linear count-load and code number, date and pressure-load of previous tests, and

relationship _shoulq signal caution. If the AE count rate m'rPJevious history.
creases rapidly with stress, the RTRP shall be unloaded al 13.1.2 Dimensioned sketch or manufacturer's drawing of
that examination terminated. A rapidly (exponentially) increas- -

: P L the RTRP system showing sensor locations, including the
ing count rate indicates uncontrolled, continuing damage and i y g 9

indicative of impending failure. 13.1.3 Test liquid employed.

12.2 Significanf:e of Data . , . 13.1.4 Test liquid temperature.
12.2.1 Evaluation based on emissions during load hold is 13 1 5 Test SequeneePressurizing-loading rate, hold
particularly significant. Continuing emissions indicate continu-;;as and hold levels. '

ing damage. Pressurizing and other background noise will 131 g Comparison of examination data with specified

generally be at a minimum during a load hold. Emissions,cen/reject criteria and an assessment of the location and
continuing during hold periods is a condition on which severity of structural flaws based on the data.

accept/reject criteria may be based. 13.1.7 Show on sketch (see 13.1.2) or manufacturer’s draw-
_ 12.2.2 The signal valubl is a sensitive measure of SUper- jng the location of any zones with AE activity exceeding
imposed subthreshold events which is particularly importangcceptance criteria.

for indicating adhesive bond failure in pipe joints. Signal 131 .8 Any unusual effects or observations during or prior to
values vary with instrument manufacturer. (See Annex A2.}he examination.

Signal values which exceed a specified value Mofis a 13.1.9 Dates of examination.

condition on which accept/reject criteria may be based. 13.1.10 Name(s) of examiner(s).

12.2.3 RTRP, particularly on first loading, tends to be noisy 13.1.11 Instrumentation Descriptiea-Complete descrip-
and, therefore, will generally require different interpretationtion of AE instrumentation including manufacturer's name,
from subsequent loadings. model number, sensor type, system gain, serial numbers of

12.2.4 Evaluation based on Felicity ratio is important forequivalent, software title, and version number.
in-service RTRP. The Felicity ratio provides a measure of the 13.1.12 Permanent record of AE data, for example, signal
severity for previously induced damage. The onsesighifi-  value M versus time for zones of interest, total counts above
cant emission for determining measurement of the Felicitythe low-amplitude threshold versus time, number of events
ratio is a matter of experience. The following are offered asahove the high-amplitude threshold, emissions during load
guidelines to determine if emission is significant: holds, signal propagation loss (see 9.4.1).

12.2.4.1 More than 5 bursts of emission during a 10 %
increase in load. 14. Keywords

12.2.4.2 More thamN/25 counts during a 10 % increase in  14.1 adhesive joints; Felicity effect; Felicity ratio; FRP pipe;
load, whereN, is the count value defined in A2.5. load hold; RTRP; zone location

Fesults of sensor coupling and circuit continuity verification.
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ANNEXES
(Mandatory Information)

Al. INSTRUMENTATION PERFORMANCE REQUIREMENTS

Al.1 AE Sensors both, shall ensure that the principal processing frequency from

Al.1.1 General—AE sensors shall operate without elec- Sensors Is not Ies§ than 100 kHz. .

tronic or other spurious noise above the low-amplitude thresh- A1.1.7 Power-Signal Cable-The cable providing power to

old over a temperature range from 4 to 93°C (40 to 200°F), anH‘e_ preamplifier and cond_uctmg the_ amplified signal to th_e
shall not exhibit sensitivity changes greater than 3 dB over thi§'@in processor shall be shielded against electromagnetic noise.
range. Sensors shall be shielded against radio frequency amignal 10ss shall be less than 1 dB/300 m (1000 ft) of cable
electromagnetic noise interference through proper shieldin{En9th at 200 kHz. The recommended maximum cable length is
practice or differential (anticoincident) element design, or both 200 M (1000 ft) to avoid excessive signal attenuation. Digital
Sensors shall have omnidirectional response in the plane & radio transmission of signals is allowed consistent with

contact, with variations not exceeding 4 dB from the peakStandard practice in transmitting those signal forms.
response. Al1.1.8 Main Amplifie—The main amplifier, if used, shall

A1.1.2 Sensors—Sensors shall have a resonant responsQave signal response with variations not exceeding 3 dB over

between 100 and 200 kHz. Minimum sensitivity shall be — goth€ frequency range from 20 to 300 kHz, and temperature

dB referred to 1 V/microbar, determined by face-to-face’@"9€ frqm 4 10 50°C (4010 122 .F)' The main amplifier shall

ultrasonic test. have deustable gain, or an adjustable threshold for event
detection and counting.

Note Al.1—This method measures approximate sensitivity of the A1.1.9 Main Processar
sensor. _AE sensors used in the same examination_s_,hould_ not vary inpeaka1.1.9.1 General—The main processor(s) shall have a
ZeEnsmvny more than 3 dB from the_ average. Additional information Onminimum of one active data processing circuit. If independent

sensor response can be found in Guide E 976. .
channels are used, the processor shall be capable of processing

Al.1.3 Signal Cable-The signal cable from sensor to events and counts on each channel. No more than three sensors
preamp shall not excde2 m (6 ft) in length and shall be may be connected in common to a single preamplifier, and no
shielded against electromagnetic interference. This requiramore than two preamplifiers may be connected in common to
ment is omitted where the preamplifier is mounted in the sensa single channel.
housing, or a line-driving (matched impedance) sensor is used. (1) If a summing amplifier is used, it shall provide a

Al.1.4 Couplant—Commercially available couplants for minimum processing capability for event detection on eight
ultrasonic flaw detection may be used. Frangible wax otchannels (preamp inputs). Provisions to sum or exclude any of
quick-setting adhesives may be used, provided couplant senghe channel inputs will be within real-time operator control.
tivity is no lower than with fluid couplants. Couplant selection  (2) Total counts shall be processed from all channels.
should be made to minimize changes in coupling sensitivitySignal values shall also be processed from all channels.
during an examination. Consideration should be given to A1.1.9.2 Peak Amplitude Detectienlf peak-amplitude de-
testing time and the surface temperature of the pipe. tection is practiced, comparative calibration must be estab-

Al1.1.5 Preamplifie—The preamplifier should be mounted lished in accordance with the requirements of Annex A2.
in the vicinity of the sensor, or may be in the sensor housingUsable dynamic range shall be a minimum of 60 dB with 2-dB
If the preamp is of differential design, a minimum of 40 dB of resolution. Not more than 2-dB variation in peak detection
common-mode noise rejection shall be provided. The preamaccuracy shall be allowed over the stated temperature range.
plifier band pass shall be consistent with the frequency range gmplitude values may be stated in volts or decibels, but must
the sensor and shall not attenuate the resonant frequency of the referenced to a fixed gain output of the system (sensor or
Sensor. preamp).

Al1.1.6 Filters—Filters shall be of the band pass or high- A1.1.9.3 Signal Outputs and RecordirgThe processor as
pass type, and shall provide a minimum of 24 dB per octavea minimum shall provide outputs for permanent recording of
signal attenuation. Filters may be located in preamplifier ortotal counts above low-amplitude threshold, total events above
post-preamplifier circuits, or may be integrated into the com+the high-amplitude threshold, and signal vali# for all
ponent design of the sensor, preamp, or processor to limithannels, and events by channel (zone location). A sample
frequency response. Filters or integral design characteristics, schematic is shown in Fig. A1.1.
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SENSORS PROCESSOR
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FIG. A1.1 Sample Schematic of AE Instrumentation

A2. INSTRUMENT CALIBRATION

A2.1 General—The performance and threshold definitions measurement resulting from ongoing averaging of the input
vary for different types of acoustic emission equipment.signal ove a 5 to10-ms period. The reference signal vaMg
Processing of parameters such as amplitude and energy varigsthe instrument output which is obtained from an electroni-
from manufacturer to manufacturer, and from model to modetally generated input of a 10-ms duration, 150-kHz sine wave
by the same manufacturer. This annex defines procedures faiith a peak voltage five times the low-amplitude threshold.
determining the low-amplitude threshold, high-amplitudelnput of a 150-kHz sine burst of 100-us duration at peak
threshold, count valudl,, and signal valuev. voltage 50 times the low-amplitude threshold should result in

A2.1.1 The procedures defined in this annex are intended signal value no greater than VM, For instruments which
for baseline instrument calibration at 15 to 27°C (60 to 80°F)include a filter in the main processor, the frequency of the sine
It is recommended that instrumentation users develop calibrdourst may be at the center frequency of the filter, provided it is
tion techniques along the lines outlined in this annex. For fieldetween 100 and 200 kHz. Different techniques are used by
use, small portable fiberglass reinforced plastic (FRP), oflifferent instrument manufacturers for measuring the signal
similar, samples can be carried with the equipment and used foalue. The units of the signal value will vary depending upon
periodic checking of sensor, preamplifier, and channel sensthe techniques and instrument that is used.
tivity.

. _ A2.5 Count Value N—The count valué\, shall be deter-

A2.2 Low-Amplitude Thresholé-The low-amplitude \ineq ejther before or after the examination using a 0.3-mm
threshold shall be determined using 120 cm by 180 cm by,echanical pencil (2H) lead broken on the surface of the pipe.

1.3-cm (4 ft by 6 ft by¥z-in.) 99 % pure lead sheet. The sheet All lead breaks shall be done at an angle of approximately 30°
shall be suspended clear of the floor. The Iow-amphtudqo the test surface with a 2.5-mm (0.1-in.) lead extension.

threshold is defined as the average meas_ured amplitude of t libration points shall be chosen at the midpoint of the pipe
events generated by a 0.3-mm mechanical pencil (2H) lea nd on couplings and fittings, so as to be representative of

break at a distance of 130 cm (4 1t-3 in.) from th_e Sensor. 'g‘”different constructions and thicknesses, and should be per-
lead breaks shall be done at an angle of approximately 30 tﬁ’)rmed with the pipe full of test fluid
J .

the test surface with a 2.5-mm (0.1-in.) lead extension. Th
sensor shall be mounted 15 cm (6 in.) from the 120-cm (4-ft) A2.5.1 A sensor shall be mounted at each calibration point
side and mid-distance between 180-cm (6-ft) sides. and two calibrations shall be carried out at each location. One
) . ) calibration shall be in the principal direction of the surface
A2.3 High-Amplitude Threshole-For large amplitude fihers (if applicable), and the second calibration shall be carried
events, the high-amplitude threshold shall be determined usingt along a line at 45° to the direction of the first calibration.
a 300 cm by 5 cm by 2-cm (10 ft by 2 in. B¢-in.) clean, mild | a4 preaks shall be at a distance from the calibration point so
steel bar. The bar shall be supported at each end on elastomerig o provide an amplitude decibel value midway between the
or similar, isolating pads. The high-amplitude threshold is|qyy-amplitude threshold (see A2.2) and high-amplitude thresh-
defined as the average measured amplitude of ten eventgy (see A2.3).

generated by a 0.3-mm mechanical pencil (2H) lead break at 8 7\> 59 The count valueN, at each calibration point is

distance of 210 cm (.7 ft) from the sensor. The sensor shall bgefined as five times the total counts recorded from 13 lead
mounted 30 cm (12 in.) from the end of the bar on the 5'Cnbreaks at each of the two lead break locations

(2-in.) wide surface. . .
A2.5.3 When applying the count evaluation, the count

A2.4 Signal Value M, Electronic Calibration-Signal value  value, which is representative of the region (construction and
M is an indicator of adhesive bond failure. It is a continuousthickness) where activity is observed, should be used.

10
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A3. SENSOR PLACEMENT GUIDELINES

JOINT DETAIL

COUPLING
/ ADHESIVE OR
z /THREADED JQINT

@ = SENSOR

A3.1 Case | Coupled-Cemented or threaded joint system.

JOINT DETAIL

ADHESIVE OR THREADED JOINT

A3.2 Case Il Bell and Spiget-Cemented or threaded joint
system.

©) ©)

JOINT DETAIL

SECONDARY BOND
MAT JOINT

A3.3 Case Il Hand Up—Field fabricated secondary bond
mat joint pipe system.
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A3.4 Case I\V—Flanged joint pipe system.

APPENDIX
(Nonmandatory Information)

X1. RATIONALE

X1.1 This practice was rewritten from the “Recommendedthe Society of the Plastics Industry (SPI).
Practice for Acoustic Emission Testing of Reinforced Thermo-
setting Resin Pipe,” which was developed by the Committee on X1.2 The CARP Recommended Practice has been used
Acoustic Emission from Reinforced Plastics (CARP) andsuccessfully on humerous applications_
published by the Reinforced Plastics/Composites Institute of

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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