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A Basic Study on the Varying Thickness Detection of Steel Plate Using Ultrasonic
Velocity Method

WooSeok Kim', Seongmo Mun?, Chulmin Kim’, Seokbeen Im"*

Abstract: This study was initiated to develop an effective inspection method to detect defects such as corrosion in closed-cell steel members in steel-box
girder bridges. The ultrasonic velocity method among various non-destructive method was selected as a rapid and effective method to derive the average
propagation velocity in the medium by using the ultrasonic wave velocity method for specimens of different thickness. The regression analysis was
performed based on the experimental results, and the results was interpolated to evaluate the prediction accuracy. If the material properties are identical,
this ultrasonic velocity method can predict the thickness using the averaged transmitted velocity. In addition, a continuous scanning method moving
at 200 mm/s was tested for scanning a wide area of a bridge. The results exhibited that the continuous scanning method was able to effectively scan
the different thickness of a bridge.
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Table 1 Corrosion Detection Methods
Detection Methods Explanation Pros Cons
. . Need to identify th t fi
Detecting stress waves emitted froma  Track the status of the defect and eed to identify the resor}arT Teduency
Sound . o of the sound parts and limited due to
crack monitor the condition of the structure .
adjacent connected members
Perceiving infrared energy with a Visualize the defective information — The radiation rate varies depending on
Infrared noncontact sensor and transforming it using temperature distribution contours the surface condition and the accuracy
to electric signal of the defective and healthy area varies due to external heat
Distinguishi level of radiati . . . T
. s mguls = a. eve (.) raciation Display the size and shape of internal ~ Radiation is harmful to the human
Radiation penetrating an object using X-ray or .
defects body, slow to execute and expensive
Gamma ray
Detecti face defects usi . . . .
etee l?g surtace 'e oets using Detect defects that exist deep in an Insensitive to various surface
Eddy Current alternating current in conductor . .. .
. object conditions, such as paint
materials
Utilizing the reflection and refraction Portable and sensitive method capable .-
. . . .. . . Inability to detect surface defects
Ultrasonic of ultrasonic sound impedance at of obtaining spatial information of

different boundary surfaces

cracks and defects

effectively
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Table 2 Experimental Data of Static Scanning

50mm Thickness 2 4 6 8 10 Avg
E [mm]
- - o . - — Eeho Time V& 0:688 1346 1990 2701 3384
. . . . [us] Std.

(a) Steel Plate Specimen with Varying Thickness (10" 3) 484 10.77 6.76 5.17 422

Ultrasonic  Avg 5813 5942 6029 5925 5911 5924
Velocity

[m/s] Std. 406 472 204 113 74 774

(b) Side View of Specimen Predicted  Avg 205 400 591 801 10.04

Thickness
Fig. 5 Steel Specimen Details [mm] Error (%) 2.3 0.1 -1.6 0.1 0.4
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Table 3 Experimental Data of Continuous Scanning

Thickness 2 4 6 8 10 Avg
[mm]
, Ave. 0665 1335 1.859 2718 3.401
Echo Time
Std.
[us] T, 1729 484 7867 823 528
(X10 %)

Ultrasonic ~ Avg. 6018 5991 6454 5888 5881 6046
Velocity
[m/s] Std. 1526 21.6 2620 178 9.1 236.0

Predicted  Avg. 198 397 552 8.06 10.09
Thickness
[mm] Ermor(%) -1.1 -09 -80 0.8 0.9

Table 4 Results Comparisons

Thickness
[mm)]

Echo Time  Static. 0.688 1.346 1.990 2.701 3.384
[us] Cont. 0.665 1.335 1.859 2.718 3.401

Ultrasonic  gatic 5813 5942 6029 5925 5911 5924
Velocity
[m/s] Cont. 6018 5991 6454 5888 5881 6046

ol e 213} o] FA7L ThE BAle) 918 ASH O R &
z_llo]cq = 1% 52200 mmE ©|53shy 22 ok & 7}
A& 27dstel FAe) Mk 2R ol ) 22
ot RhEAke] B2 100 msP 18] SHBHES A 12
551032 2208 S AR 127, 7 18] B
2 Aol 83 o) 2 520 TS 71171 91510 50 s B2k
FASHES A ARe] T} ghe 3

=

(e
=
w2

A= ol
= TR o] ST, Z FA v SE3 ARES o
E A

o

»

N
=
oE

EﬂiEE] QA g F 3 AE Fig, 9o Uk
3 A7 Table 301l YFERH AT Table 201
Uebl 7] o) Ao} A AhE e MJﬁ,
&2 Jol M = FA7E F7 R REUAE oAl
7 ATk A% 2od o] dlolele} 2 e F el %
gElo]El2}e] 1] 3= Table 49 LrehASITE =41 Hlo]E] &
1AM 12 5 F 103 523 Ao 2 3elsk =, 7+

£
32 e
H
=
jo_i

2 T AR
Z 2o A= okA] AT A3} 7o), 285} BERlo| A YA
g A7F AL VAT AR o|5EEE U200
mm/s)3A 4 5 AES Sk Z2ke] AEE el
7 942U 7 2o el 28wk 4 A7k
BYF 7 AFS 5T S AU



B e mare] Al 5 Az o2 17io] ol
A B Tl &0 2 WhE Azhljel] FHeIH
o] BAg wksl] 9% BAow AT} AR

o ulny PO R 227 SEY 8 7PeA L

2) A7} 2~10 mm 2 & ZHAol thefj A Z2oah S5
o

W, o] g S-S AT AARATR?)
99.9%2 % 1|9~ 2 AL =E eI

°F 200 mm/se] £EE o]Fdh= ALY 7HeY A
SO A= Z4zte] FA ol tist 2 27| Ao} &
A3t AFE A& Qlof, i TFEREol ti3)] o] 5242
A&t ALt K& a9 o = HATS &

3

~

f
.
o
it
N
o
o

&

PIURSPN Ve IR T TR
o i rlr
oo oz
o o

M
X

[0 2
HU g, o

o

TR

2 N

e T
o T
ot T
I I nale:)

T
o
>
)
it
B
oo
£
I
b
lo
2%
Lo
_{

£ 2
O.|>L _{n
Mo§
Rl
oo 1l

PRI Pl

oy
>
1o
Ml

L
R

T Fghstae] ofs) A A= AS.

References

1. Ahn, J. H., Nam, D. K., Lee, W. H., Huh, J., Kim, I. T. (2016),
Evaluation of Compressive Strengths of Tubular Steel Members
According to Corrosion Damage and Shape, Journal of Korean
Society of Steel Construction, 28(4), 213-222.

2. Andrade, C., Alonso, C. (1996), Corrosion Rate Monitoring in the
Laboratory and On Site”, Construction Building Materials,
10(5),.315-328.

3. Hong, S., Lee, Y., Kim, S., Kim, J. (2018), Estimation of
Compressive Strength of Reinforced Concrete Vertical and
Horizonal Members Using Ultrasonic Pulse Velocity Method,
Journal of the Korea Institute for Structural Maintenance and
Inspection, 22(6), 197-205.

4. Jeong, Y., Kim, W., Lee, 1., Lee, J., Kim, J. (2016a), Definition,
End-of-life Criterion and Prediction of Service Life for Bridge
Maintenance, Journal of the Korea Institute for Structural
Maintenance and Inspection, 20(4), 68-76.

5.Jeong, Y., Kim, W, Lee, L., Lee, J. (2016b), Development of Bridge
Inspection Reliability and Improvement Strategy, Journal of the
Korea Institute for Structural Maintenance and Inspection, 20(5),
50-57.

6.Jeong, Y., Kim, W, Lee, I, Lee, J. (2016c), Bridge Life Cycle Cost
Analysis of Preventive Maintenance, Journal of the Korea Institute
Jor Structural Maintenance and Inspection, 20(6), 1-9.

6.Lee, H., Lee, B., Oh, K., Kim, Y. (2015), Reliability Evaluation for
Prediction of Concrete Compressive Strength through Impact
Resonance Method and Ultra Pulse Velocity Method, Journal of the
Korea Institute for Structural Maintenance and Inspection, 19(4),
18-24.

7. Lee, M. J., Ahn, J. H., Kim, L. T. (2014), Shear Buckling Strength
and Behaviors of Steel Plate Girder with Asymmetrical Shear
Resistant Web Panel by Local Corrosion, Journal of Korean Society
of Steel Construction, 26(2), 105-118.

8. Kim, I., Chang, H. J., Cheung, J. Y. (2010) An Experimental Study
on the Evaluation of Residual Tensile Load-carrying Capacity of
Corroded Steel Plates of Temporary Structure, Journal of Korean
Society of Steel Construction, 22(5), 399-409.

9. Kim, I., Lee, M., Shin, C. (2011), An Experimental Study on
Evaluation of Axially Compressive Buckling Strength of Corroded
Temporary Steel, Journal of the Korea Institute for Structural
Maintenance and Inspection, 19(4), 18-24.

9.Kim, M. W., Oh, H., Oh, K. C. (2016), Estimating the Compressive
Stregnth of High-Strength Concrete Using Surface Rebound Value
and Ultrasonic Velocity, Journal of the Korea Institute for
Structural Maintenance and Inspection, 20(2), 1-9.

10. Korean Agency for Technology and Standards (KATS) (2018),
Testing method for velocity of ultrasonic pulses to conclude
compressive strength of concrete, KS F 2731.

11. KOSIS (2015), Status of the National Bridges and Tunnels in
Republic of Korea, Korea Statistical Information Service, Korea.
12. Kwon, S. J., Park, S. S. (2012), Non Destructive Technique for
Steel Corrosion Detection Using Heat Induction and IR
Thermography, Journal of the Korea Institute for Structural

Maintenance and Inspection, 16(2), 40-48.

13. Yun, J., Paik, 1., Cho, S., Chung, L. (2006), Non-Destructive
Corrosion Measurement Technique of Reinforcing Bars Using
Infrared Thermography according to Atmosphere Temperature,
Proceedings of 2006 Fall Conference of Korea Concrete Institute,
18(2), 233-236.

Received : 11/09/2020

Revised : 11/23/2020
Accepted : 12/02/2020

J. Korea Inst. Struct. Maint. Insp. 151



2 R R AFEgEe] AGRA T A 0Z G5 ofel e 2919] Aol tha £42 YA 213 S AT A% =
e

2] 9] 7|z Aotk o2 vl P S Foll A gt SRS F-88ke] FAVFTE Aol tiai A 25t S-S AASk, at mf Ul
AL EE E=E69 0L ol & Z-8-8to] A FAloll thit 3]71 24 & AABII . L3 AT 75 3924 0] 23E E8shd o 54
o FAE 2T S AR ddEr) 3L A HHE 20 8h] 218l 200 mm/s £ o) Fdhs A& 7He HESIAL F
A7} W= A o] FAE B 02 o S8 5 QliTh





<<
  /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


