INTERNATIONAL

ISO

STANDARD 16836

First edition
2019-01

Non-destructive testing —=Acou

emission testing — Measurement

method for acoustic emission si
in concrete

stic

gnals

Essais non destructifs — Controle par émission acoustiqué¢ — Méthode

de mesure pour les signaux d'émission acoustique dans le

béton

Reference number
1SO 16836:2019(E)

©1S0 2019


https://standardsiso.com/api/?name=22cea4fb50ea12d795526a6955db862a

ISO 16836:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=22cea4fb50ea12d795526a6955db862a

ISO 16836:2019(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIMETOUICEIONL. ..ot 8885 v
1
2
3
4
5 MEASULING SYSTRINL........ccccooiiiiieiieieieiesesiesieee et ee T e 3
5.1 LT3 1<) 7 OSSOSO S ) IS 3
5.2 Sensor .3
5.3 2N 40 0] 1 <) OSSOSO 4= SR E 4
5.4 23 1 1<) oSSR - S U SR 4
6 Signal analysis and AE parameters
Setup and MEASUTEIMENL ...............cccieieeeeees s e
7.1 SENSOT SETUP ..ooorieereiiieiees ey et
7.2 Environmental noises
7.3 MEASUTEIMIENIT......oooooooovvveeveeeeeeeee s ssssssssesssese sty Sghssssss s
7.4 SYSTEM INSPECEION ..o Fers s
7.5 SOrage Of Aata. ... SR et
8 TESTTEPOTE ... NN s s 7
Anne¢x A (informative) Recommended types of senisors to be used in concrete..................fo 8
BIDIHOGIAPIY ...t S oo e 9
© 1S0 2019 - All rights reserved iii


https://standardsiso.com/api/?name=22cea4fb50ea12d795526a6955db862a

ISO 16836:2019(E)

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 tech
committee has been established has the right to be represented on that committee. Internat

nical
ional

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 matte
electrotechnical standardization.

the ISO/IEC Directives, Part 1. In particular,
bes of ISO documents should be noted. This document was drafted in accordance\wit
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

The procedy
described i
different ty
editorial ru

Attention is|drawn to the possibility that some of the elements of this document may‘be the subjg

rs of

ect of

patent rights. ISO shall not be held responsible for identifying any or all such patént-rights. Detalils of

any patent rjights identified during the development of the document will be in the)Introduction ay
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the convenience of users and doe
constitute ah endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific termg
expressions| related to conformity assessment, as well as information about ISO's adherence t
World Trad¢ Organization (WTO) principles in the Technical’Barriers to Trade (TBT) see ww]
.org/iso/forgword.html.

This docurhent was prepared by Technical Committee ISO/TC 135, Non-destructive te
Subcommitfee SC 9, Acoustic emission testing.

Any feedbadk or questions on this document shauld be directed to the user’s national standards bg
complete lisfting of these bodies can be found at www.iso.org/members.html.
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Introduction

Acoustic emission (AE) techniques have been investigated in concrete engineering for more than a half
century. Nowadays, results of AE research are put to practical use for infrastructures, not only concrete
structures, but also masonry structures.

Concrete structures can deteriorate due to heavy traffic loads, fatigue, chemical reactions and
unpredictable disasters, although concrete structures have long been referred to as maintenance-
free. Eventually, retrofit and rehabilitation of the structures are in heavy demand all over the world. It
results in the need for the development of advanced and effective inspection techniques prior to repair

PR Lo

le—Taadthic ragad AL ool o ol maxtancizaley ot Ao d o0 oo o s Bein rino
WOTIrk—hHtiiS+ Ceartr et qutSTIa v C D CCTr CATCT STV CTy StatrC o C ot rete g e e TS

Foculsing on crack detection and damage evaluation, it is known that AE techniques atre prospectively
applicable to concrete and concrete structures. Therefore, basic aspects on the measurenjent method
for AE signals in concrete are prescribed. AE is an inspection technique, by which'elastit waves due
to cracking and damage in concrete are detected. Since AE phenomena are te be observe¢d under in-
service conditions, AE measurement can be conducted not only in a laboratoxy;’but also on pite.
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Non-destructive testing — Acoustic emission testing —
Measurement method for acoustic emission signals in
concrete

1 Scope

1%

This|[document establishes a measurement method for acoustic emission signals in concretg.

2 Normative references

The following documents are referred to in the text in such a way that spime or all of their content
constitutes requirements of this document. For dated references, only the ‘edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 12713, Non-destructive testing — Acoustic emission inspection —Brimary calibration of transducers

ISO 12714, Non-destructive testing — Acoustic emission inspection — Secondary calibration of acoustic
emis§ion sensors

ISO 12716, Non-destructive testing — Acoustic emission inspection — Vocabulary

ISO/TR 13115, Non-destructive testing — Methods for absolute calibration of acoustic emission transducers
by the reciprocity technique

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 12716 and the follpwing apply.

ISO gnd IEC maintain terminological databases for use in standardization at the following gddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1
acoustic emission
AE
transient elastic waves generated by the release of energy within a material

3.2
AEs gual
electrical signal detected at a sensor, which is converted through the detection of AE wave (3.3)
(elastic wave)

3.3
AE wave
wave that can be detected in the form of hits (3.5) on one or more channels (3.4)

3.4
channel
one line of AE signal (3.2) detected by AE (3.1) sensor and processed by the other devices

© IS0 2019 - All rights reserved 1
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3.5
hit

:2019(E)

given AE (3.1) channel (3.4) that has detected and processed one AE transient

3.6
event

group of AE (3.1) hits (3.5) received from a single source by two or more channels (3.4), of which spatial

coordinates

3.7
array

can be located

spatial arra

3.8
attenuation
observed lo

3.9
noise
signal prody

Note 1 to ent

4 Detect

Microscopid
micro-crackK
waves, whid
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]
bs of a signal as it travels through a medium

iced by causes other than AE (3.1) phenomena

Fy: Elimination of noises is essential for effective detection of AE signals (3.2).

ion of AE waves

fracture in concrete takes place with the release, of stored strain energy as nucle
s and generating elastic waves. These waves dué.to crack nucleation are referred to 3
h propagate inside a material and are detectedby an AE sensor as shown in Figure 1.
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Figure 1 — Detection of AE waves
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5 Measuring system

5.1

General

A basic system is illustrated in Figure 2, where only analog devices are shown. Following this system, a
digital signal-processor is usually applied.
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Figure 2 — AE measurementsystem

Sensor

ensors shall be sensitive enough to detect AE signals generated in the target struc
stic coupling into consideration. They convertelastic waves (motions) on the surface

electric signals, preferably, without any -distortions. A resonance-type sensor is md
hd the resonant frequency, while a broad-band sensor has approximately flat response
5 less sensitive than the resonance-tiyzpe. AE sensor shall be robust enough against

to Annex A for recommended types of sensors to be used in the concrete.

tivity calibration of AEsensors shall be performed by employing the standard source

break is defined incASTM E976. This standard source is illustrated in Figure 3, where
fommended to beemployed.

ture, taking
f a material
st sensitive
in the range
emperature

, in addition

b calibration methods-prescribed in ISO 12713 and ISO 12714. A simulated AE source dje to pencil-

a guide ring
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Figure 3 — Standard AE source

ibration of AE sensors shall be made on the basis of [ISO/TR 13115.

5.3 Amplifier

Amplifiers 1
amplifier sh
inherently |
voltage. Her

ormally consist of the pre-amplifier and.the main amplifier as shown in Figure 2. The
all be located as close as possible to AE:sensor. The internal noise of the amplifier sh{
pw and less than 20 uV (26 dBag for0"dBag = 1 pV) as the peak voltage converted by

e, the gain of the amplifier is giveh in dBag (decibels AE), which means the ratio g

output voltgge V, to the input voltage V; as,

dBAE =

The amplifig

5.4 Filtey

The freque
performanc
elimination

0

P0lo i
p0log v

|

r shall be robustenough against the environmental conditions and be protected prop

hcy rdnge shall be determined prior to the measurement, taking into account
e of AE sensors and the amplifiers. Selection of the frequency rage is closely relat
pbfnoises. In concrete, the use of a band-pass filter between several kHz and several 10(

pre-
11 be
nput
f the

brly.

the
bd to
kHz

is recommended.

6 Signal

analysis and AE parameters

One waveform is to be counted as one AE event, while the cycles over the threshold level are named as
AE ring-down counts (or simply “counts”). Here, the threshold is a preset voltage level, which has to be
exceeded before one AE signal is detected and processed. Methods for AE counting are illustrated in
Figure 4. In the case of multi-channel observation, AE occurrence is monitored at each sensor location.
At some sensors, AE signals may not be observed due to attenuation or undetectable propagation path.
The number of the events which are counted at one of the channels corresponds to the number of AE

hits defined

above.
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Figure4—AFE countingmethods
In addition to AE count, AE hit and AE event, the following AE parameters shall be obtained by the
measurement system:

a) peakamplitude;

b) AE energy;

c) rise time;

d) duration;

e) arrival time differences in AE sensor array;

© IS0 2019 - All rights reserved 5
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f) external parameters.

The measurement system shall be able to obtain time information along with AE parameters. In
addition, such external parameters as load, strain and so forth are preferably recorded in the system.

The waveform parameters of arrival time, duration and peak amplitude are displayed in Figure 5,
showing the threshold level. The rise time means a duration from the arrival to the peak. There exist
a variety of definitions on AE energy. In principle, AE energy corresponds to an area of the envelope of
the waveform.
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Figure-5— AE waveform parameters

7 Setup and measurement

7.1 Sensor setup

AE sensors ghall bex¢dlibrated properly in advance of the measurement. They are attached at pfoper
locations to|cover/the target area. The number of AE sensors and the period of the measurement|shall
be prescribed;depending on the following conditions:

a) propagation property of AE signals in the target structure;

b) stress distribution in the structure under inspection.

7.2 Environmental noises

In advance to AE measurement, the noise level shall be estimated. Then, counteract against external
noises, wind, rain, sunshine and so forth shall be conducted to decrease the noise level as low as possible.
In the case that the noises have similar frequency contents, amplitudes to AE signals or sources of the
noises are unknown, characteristics of the noises shall be estimated prior to the measurement. Based
on this result, separation of AE signals from the noises shall be achieved.
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