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1 Scope

Concrete Structures are known to be no longer

maintenance-free. Consequently, a variety of inspec-

tion techniques are under development and going to

be established. It is well known that acoustic

emission (AE) technique is promising to test concrete

structures for damage estimation [1]. For in-situ

inspection, estimation of active cracks is of signifi-

cant importance. Due to damage evolution in rein-

forced concrete structures, AE events are observed

under in-service conditions. Generally speaking,

nucleation of shear cracks follows tensile cracks on

an existing failure surface. Accordingly, for an early

warning of crack nucleation, the classification of

active cracks is in great demand. In this recommen-

dation, a classification criterion for micro-cracks in

concrete is proposed on the basis of the measurement

of AE parameters

The recommendation refers to several standards

[2–12], of which the newest version shall be cited.

2 Definition of technical terms

In addition to terms defined in RILEM recommenda-

tion,’’ Measurement Method for Acoustic Emission

Signals in Concrete’’, the following AE parameters

shall be obtained by the measurement system. AE

waveform parameters of the following: peak ampli-

tude, rise time and duration time are illustrated in

Fig. 1, along with the threshold level.

(1) Peak amplitude: Largest amplitude value in a

waveform.

(2) Rise time: A duration time from the first arrival

to the peak amplitude.
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(3) Duration time: Duration observed from the first

arrival to the time when the amplitude decays

up to the level lower than the threshold.

(4) Counts: Normally, AE counts imply number of

times the signal amplitude exceeds the threshold.

They also are rigorously named ring-down counts.

(5) 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.

3 Measurement system

3.1 AE sensor

AE sensors shall be calibrated properly in advance of

the measurement. AE sensor is sensitive enough to

detect AE signals generated in a concrete structure,

taking acoustic coupling into consideration. AE

sensor is also robust enough against temperature

change, moisture condition and mechanical vibra-

tions in the environments.

For the parameter analysis, a broad-band sensor is

recommended. But, resonance-type sensors are also

available, in the case that their resonance frequencies

are higher than 60 kHz in concrete. So far, resonant

frequencies of resonance-type sensors have been

applied to concrete in the range of 50–250 kHz.

3.2 System for signal analysis

The system of AE devices shall be specified, depending

on the target. AE sensors are attached at proper locations

to cover the target area. The internal noise of the

amplifier shall be inherently low and less than 20 lV

(26 dB for 0 dB = 1 lV) as the peak voltage converted

by input voltage. The amplifier shall be robust enough

against the environmental conditions and be protected

properly. The frequency range shall be determined prior

to the measurement, taking into account the perfor-

mance of AE sensor and the amplifier. The range from

several kHz to several 100 kHz is recommended in

concrete. The period of the measurement shall be

prescribed, depending on propagation property of AE

signals in the target structure.

4 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 esti-

mated prior to the measurement. Based on this result,

separation of AE signals from the noises shall be

achieved. In this respect, the use of filters is applicable

after determining the proper frequency range.

Sensitivity of AE channels shall be conducted

routinely by employing the standard source. Varia-

tion within the channels shall be less than 3%.

5 Test procedure

AE signals due to cracking shall be detected properly

for the duration of the measurement. The test shall be

conducted under loads which must not fundamentally

make any critical damage on functions of the

structure to detect and locate active cracks. In

advance to the test, attenuation properties of the

target structure shall be estimated, by employing the

standard source or the equivalent.

From AE parameters of the rise time and the peak

amplitude in Fig. 1, the RA value defined as,

RA ¼ the rise time=the peak amplitude ð1Þ

shall be calculated.

The averaged frequency Fa of each waveform

shall be calculated from,

Average frequency ðFaÞ ¼ AE ringdown counts=

the duration time ð2Þ

Fig. 1 AE waveform parameters
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where the definitions of AE ring-down counts and the

duration time are given in RILEM recommendation

mentioned above.

By applying these parameters, classification of

cracks into tensile cracks and other-type cracks

including shear cracks is performed as shown in

Fig. 2, where RA values and average frequencies

plotted shall be calculated from the moving average

of more than 50 hits. It is noted that the RA values

may vary depending on the threshold level. But, the

selection of AE sensors does not provide much effect

on the results as shown in the figure.

For plotting data, the ordinate is shown by physical

unit of kHz and the abscissa scale is msec/volt, where

the amplitude shall be calibrated as the sensor output,

compensating the effect of amplifiers. In the figure,

the ratio of the abscissa scale to the ordinate scale is

set to 10. But, it just means a suggestive value. A

proper ratio shall be determined, depending on

materials and structures. It is recommended to set

the ratio in advance to the classification of active

cracks. In a reference, it is recommended to apply the

ratio of 50, based on the moment tensor analysis [13].

In another reference, just a trend of these two indices

(1) and (2) is applied to identify the corrosion process

in reinforced concrete [14], and to characterize the

transition from tensile to shear cracking in steel-fiber

reinforced concrete [15].

6 Documents

Documents to report the results shall contain the

following articles:

(a) Date

(b) Test person

(c) Devices

(d) Measurement locations

(e) Results of system inspection before and after the

setup

(f) Results

References

1. Grosse CU, Ohtsu M (eds) (2008) Acoustic emission

testing. Springer, 2008

2. European Norms: EN1330-9 Nondestructive testing—ter-

minology-Part 9: terms used in AE testing

3. EN 13554 Nondestructive testing-Acoustic emission-Gen-

eral principles

4. American Society for Testing and Materials (ASTM)

E1316 Standard Definitions of Terms relating to AE

5. ASTM E650 Standard Guide for Mounting Piezoelectric

AE Sensors

6. ASTM E750 Standard Practice for Characterizing AE

Instrumentation

7. American Society for Nondestructive Testing (ASNT)

DGZfP-SE1 nondestructive testing: acoustic emission

terms

8. ASNT DGZfP-SE3 Guide line for AE Characterization

during AE Test

9. French Association for Standards (AFNOR) NF A09-350

nondestructive testing-vocabulary used in acoustic

emission

10. European Working Group on Acoustic Emission (EW-

GAE) Codes for AE examination: code I-location of dis-

crete acoustic events

11. EWGAE Codes for AE Examination: code IV-definition of

terms in AE

12. Japanese Society for Nondestructive Inspection (JSNDI)

NDIS 2421 Recommendation practice for in situ moni-

toring AE of concrete structures by AE

13. Ohno K, Ohtsu M (2008) Comparison of crack classifica-

tion in concrete by parameter analysis and SiGMA in

acoustic emission, Proc. structural faults and repair 2008,

12th international conference and exhibition. Edinburgh,

UK (CD-ROM)

14. Ohtsu M, Tomoda Y (2008) Phenomenological model of

corrosion process in reinforced concrete identified by

acoustic emission. ACI Mater J 105(2):194–199

15. Soulioti D, Barkoula NM, Paipetis A, Matikas TE, Shiotani

T, Aggelis DG (2009) Acoustic emission behavior of steel

fiber reinforced concrete under bending. Construct Build

Mater 23:3532–3536

Fig. 2 Qualification of the damage by AE parameters

Materials and Structures (2010) 43:1187–1189 1189

Rettangolo

Rettangolo


	Recommendation of RILEM TC 212-ACD: acoustic emission and related NDE techniques for crack detection and damage evaluation in concrete*
	Scope
	Definition of technical terms
	Measurement system
	AE sensor
	System for signal analysis

	Environmental noises
	Test procedure
	Documents
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


