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The task of the research is to determine the depths of the cracks formed on the concrete surface.
Study of the depths of the cracks formed on the concrete cover was carried out by means of ultrasonic
waves. Several tens of cracks were studied on the research surface, corresponding waveforms were
recorded and the data were processed. The crack consists of two parts, opened and closed. The depth
of the open part of the crack was determined according to the British standard algorithm BS-1881-
203 as well as the depth of the unopened part of the crack, according to the shape of the incoming
waves and their first arrivals. The corresponding first arrival waves of the opened and unopened
parts of the crack have different shapes: in particular, the first incoming wave in the case of an open
crack has a rather disturbed (jagged) shape, which, in our opinion, is due to its passage through the
closed crack. In the case of the closed part of the crack, the first incoming wave has an undisturbed
(smooth) shape, which seems to be due to its passage through an undisturbed medium. Determining
the depth of the closed part of the crack is important, because under certain loads it can open and
play a significant role in the stability of the structure. © 2023 Bull. Georg. Natl. Acad. Sci.
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ultrasonic waves. On the research surface 44 cracks
were studied, corresponding waveforms were
recorded and information was processed. Crack
depths were determined according to the British
BS-1881-203 standard algorithm.

The studies were conducted using a 50 kHz
piezo-transducer. The specified standard procedure
for determining crack depth (BS-1881-203) is as
follows:

1. The piezo transmitter (emitter and receiver) is
placed at an equal distance from the crack (150 mm
in our case), on different sides. The first arrival time
is measured and the waveform is recorded.
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Fig. 1. Ultrasonic measurement scheme: 1 — transmitter,
2 —receiver, 3 —open part of the crack, 4 — unopened part
of the crack, 5 — bypass wave of the open crack, 6 —
bypass wave of the unopened part of the crack
(respectively, full crack).
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2. The piezoelectric transducer is moved twice
as far (in our case, by 300 mm), again the first arri-
val time is measured and the waveform is recorded.

3. Crack depth is calculated based on the exis-

ting theoretical formula (6)
at’ -t

2_ 2

2 1

where ¢, is the time of the first arrival of the wave

C=150

when the distance of the piezo transducer from the
crack is 150 mm, ¢, is the time of the first arrival
of the wave when the distance of the piezo
transducer from the crack is 300 mm.

4. An analysis of the features of the configu-

ration of the registered waveform image is done.

Research Results

The work of determining the depth of cracks using
the ultrasonic method was carried out in the
research area, in Tbilisi.

In order to analyze the obtained results, control
measurements were carried out in the uncracked
concrete in all parts of the study area to determine
the velocity of ultrasonic waves in the uncracked
concrete.
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Fig. 2. a) The vertical red line (marked with an arrow) marks the arrival time for an opened crack, from 30 cm (blue
wave), b) the arrival time for an opened crack from 60 cm (red wave) is marked in the same way (with an arrow),

¢) the arrival time for an unopened crack from 30 cm (blue wave) is marked in the same way (with an arrow), d) the
arrival time for an unopened crack from 60 cm (red wave) is marked in the same way (with an arrow).
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The speed of ultrasound in uncracked concrete
ranges from 3260 m/s to 3450 m/s. Accordingly,
the time of the first arrival of the wave varies from
87 microseconds to 93 microseconds. When proce-
ssing the material of the crack depth measurements
(Fig. 2), based on these data, the first arrival of the
wave is registered in the recording of the cracks.

It is significant that, in almost all recordings,
two moments are noted in the incoming first phase.
The first one is the direct first entry, and the second
one is the transition of the relatively disturbed,
(turbulent) part of the first phase of the registered
wave to the undisturbed, smooth mode. To identify
these moments, we were guided by the following
considerations: in general, when the crack is not
penetrating (which can be observed visually), it is
most opened on the surface and narrows in the
depth. From a certain depth, its edges approach
each other as much as possible. The crack continues
to exist, although it is unopened. At a certain depth,
the crack disappears. Thus, the crack consists of
two parts, opened and unopened one (Fig. 1). From
each record, we identified the depths of the opened
and unopened parts of the crack. For this, in the
each record, we distinguished the first entry of two
wave types. The first arrivals of the waves
corresponding to the opened and unopened parts of
the crack have different shapes, in particular, the
first incoming wave in the case of an open crack has
a rather disturbed (jagged) shape, which, in our
opinion, is due to the bypassing of the open part, as
a result of its passage through the unopened crack
(Fig. 1). Anunopened crack is a non-uniform inclu-
sion, which obviously has a certain influence on the
shape of the wave passing through it. In the case of

an unopened crack, the first incoming wave has an
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undisturbed (smooth) shape, which seems to be due
to its passing through a homogeneous, undistur-
bed environment, i.e., bypassing the entire crack
(Fig. 1). The record of Fig. 2 shows the first arrivals
of the jagged wave (the blue wave comes from
150 mm, and the red wave from 300 mm). See also
the first arrivals of the undisturbed wave. All four
of these entries belong to the same crack.

Accordingly, the arrival time corresponding to
the opened part of the crack, and the time corres-
ponding to the wave passage of the total crack depth
(opened and unopened parts together) are marked
in the record.

As we can see, the measured depths do not
exceed the thickness of the concrete slab, and

therefore no penetrating cracks were observed.

Conclusion

The full depths of cracks range from 6.9 centime-
ters to 19.6 centimeters, and the depths of the ope-
ned part from 4.2 centimeters to 16.2 centimeters.

The bypassing time of the unopened cracks is
greater than the bypassing time of the opened
cracks, since the latter has to travel a greater
distance.

The depth of majority for cracks is between 10
and 16 centimeters.

According to our measurements, none of the
cracks are penetrating.

One of the results of our work is the assessment
of the depth of unopened cracks using the ultrasonic
method.

Estimating the depth of unopened cracks is
important because under certain loads and defor-

mations it can become an open crack.



Investigation of the Depth of Visible Cracks on the Concrete... 47

3929300035

393™bols Bgs30GHBY bogrmemo dBsmdol Lom®Gdol
3300935 MEEGHM5039H000 JJMEOm

®. Fgwodg’, 3. 30ga009M0s™, b. 35658583000, 6. EMbGO™,
@. Jgewodg?

* 5359800 F9z60, 03569 3¢535b0830¢m0l bsb. odogrobols bsbyerdfogem «1bogg®bodgdo, dobgoen
62005l bsb. 390m30b030L 0blHodoIBH0, 0doerobo, bogstoz9crm

03569 233560830000 Usb. mBoerobol bsbyerdfoger #boggblodgdo, dobgoer bmosl bsb.
39050b0z0b 0bbBOAIH0, 080¢robo, bsgstoz9erm

$ 09569 x39500830¢v0L bsb. 08ocroliol bsbyerdfogm 960396603 B0, 9ergR0096 sbGMbOJ5T30¢0l
bsb. 30Y0oz0b 0bLAOAXIH0, 080robo, UsdsGozgare

339930 59m(396L FoMMaagbl dgB™boL Lsggs®Bbg FomdmJdbogmo dBs@Mgdol Low®dggdol -
3965, 3300939 BB MEGMmdRIM000 GHoNdoL Lsdwsemgdom. Bs3zwgs Bgwsdomdy dgi-
fogmogr 0gbs G38gb0dg s00gmo d3Bs®o. BsofgMs 8glsdsdolo GsmvyHo BmMIYP0 S ©T-
853005 30mYdYmo 06g3MMHT3305. dBIMO 8gads MMO, 2sbLBOErO ©s A3Mblbgmo bsffoeolsysb.
3DsM0OL BHryme 3 4sblbowo, oy 43mbLbgEro bsfogol Low®Mmadg gsbolsBZMs dMOEBIMO LE)s6-
QOGO 5600030l BS-1881-203 dgbsdsdolisq, 993mlvyeo Gsaemgdol gm®madols s 9500
300390 993mlgerol dobggom. dbsMol oblbowo ©s gormblibgmo bsfoamgdol Jglsdsdolo
GoO9d0L 30039 Jgamlgegdl 5Jab bbgoslbgs Rm®as, 39MHdm, doblbowo dBs@ol Jgo-
0bgg3580 306H39es© d99mlivyeo Gsenemd By30smE 89953MmmYdNYEOo (300 rImo) BMMIOLSS,
653, Bggbo sBMHom, g3630MHMIGOMmos dolo, gormblbgem bsfoedo aogwol asdm. dBs@ol govy-
blbgmo bsfjogrol Lom®dol gsblisBmzms 960dzbgmmazsbos, Moy 43M337vmo ©sE30MmMZol
899dmbggzsdo ol 990degds 0g5gL sblbo d3BsMIE ©s M530L0 HMEIO 005953MmL 3MBLEHGWIE00l
9009 MH500Md5d0.

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 3, 2023



48 Tamaz Chelidze, Malkhaz Gigiberia, Nodar Varamashvili...

REFERENCES

1.  Mohd T., Mohd K., Sallehuddin I., Mohd A. Y., Mahdi F., Goh P. S., Jaysuman P., Azwad A. (2019) Ultrasound
computed tomography for material inspection: principles, design and applications. Measurement 146: 490-523.

2. Chai H. K., Momoki S., Kobayashi Y., Aggelis D. G., Shiotani T. (2011) Tomographic reconstruction for
concrete using attenuation of ultrasound. NDT&E International 44(2): 206-215.

3. Varamashvili N., Chelidze T., Chelidze Z., Gigiberia M., Ghlonti N. (2019) Acoustics in Geophysics and
Geomechanics. Journal of Georgian Geophysical Society 22(1): 5-9.

4. Varamashvili N., Asanidze B., Jakhutashvili M. (2020) Ultrasonic tomography and pulse velocity for
nondestructive testing of concrete structures. Journal of Georgian Geophysical Society, 23(2): 5-9.

5. Helmerich R., Mielentz F., Milmann B., Adam L., Villalobos S., Guimaraes M., Wiggenhauser H. (2015)
Detection of cracks perpendicular to the surface using acoustic methods. International Symposium Non-
Destructive Testing in Civil Engineering (NDT-CE), Berlin, Germany. NDT net Issue 2015-11.

6. Pinto R., Medeiros A., Padaratz 1. J., Andrade P. B. (2010) Use of ultrasound to estimate depth of surface
opening cracks in concrete structures. The Open Access NDT Database, NDT net, e-Journal of Nondestructive
Testing (eJNDT). 10: www.ndt.net/?id=9954.

Received March, 2023

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 3, 2023


https://www.ndt.net/search/docs.php3?showForm=OFF&date=2010-10-01&PubID=1
https://www.ndt.net/search/docs.php3?showForm=OFF&date=2010-10-01&PubID=1
http://www.ndt.net/?id=9954


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /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 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /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 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /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 ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /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.)

  >>

  /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 [612.000 792.000]

>> setpagedevice



