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Development of Corrosion Detection Method for Closed U-ribs in Steel Bridges

Using Ultrasonic Velocity Method

Woo-Seok Kim!, Seong-Mo Mun?, Cheol-Min Kim’, Kang-Moon Lee4, Seok-Been Im””

Abstract: This study was intended to develop an inspection method to detect defects in closed-cell steel members in steel girder bridges. The ultrasonic

pulse velocity method was selected as a rapid and effective method to identify thickness changes of steel specimens caused by corrsion. This study

developed an algorithm to expedite the process and improve the accuracy in the prediction of steel plate thickness. Also, both static and continuous
scanning methods were compared to each other to identify the difference in accuracy, but the results revealed that both methods produce almost the
same results. This study also provided the idea to calculate the height of water contained in the closed-cell steel member and results of laboratory
experimental results. The water heights which is thicker than the steel plate thickness were detectable and predicted using the idea suggested by this

study, but the water heights lower than the steel plate thickness were not possible. However, the results showed whether the steel member contains

water or not.
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Fig. 2 Ultrasonic pulse detection system
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Fig. 5 Steel block thickness variation

Table 1 Test steel block thickness variation

Thickness Region
(mm) A B C D E
Thickness Loss 1% 2% 10% 20% 0%
11.5 114 11.3 10.3 9.1 11.5
19 18.8 18.6 17.1 15.2 19.0
25 24.7 24.5 22.5 20.0 25.0

AH-E BE21e] Z0)(25 mm) WO Z 43] 27l o] 7Fs3)
EE 100 mmZ AT 27d-S = F-2o tisA
Bt S BAFSEATE Fig. 63 2o] 22| A~E
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(a) Top View (b) Bottom View

Fig. 7 Scanning test steel block
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Fig. 8 Sample of scanning results

J. Korea Inst. Struct. Maint. Insp. 257



S 7 o2 FRE O s7)2] F Aol tlsA AAge =
5 At &, 2919 9] A= TFig. 839 2, o) = AAl o
ol thgh 271 Axe] dAo|th

@AY 2AGT AA 7o) i ARE A Ho =
2 ARE YERN 2 ok X 32o| B I YL =
o] £ T o|5d TOE Q3|4 27 HolE7T g5
A B3t 3otk BYP Y2 @Y Aol it F5H A Hlo]
B Zh-& YERH I

Al 7)) 73zl tgk A2 2 AL 27l A FH= Table 2~49])
YeRAE Al ke 29l dofe] 22l= 0.0%E
1.3%2 VR, A2 27d 3} A4 29l 2] A= 2jo]

R o

l

Table 2 Measured thickness for 11.5 mm steel block

Fabricated Measured Thickness
Thickness A B C D E
(mm) (114  (113)  (103) (9.1  (11.5)

Avg. 1147 11.36 10.32 9.09 11.49

Static  Std. 0.017 0.017 0.013 0.028 0.017

Error  0.6% 0.5% 0.2% -0.1%  -0.1%

Avg. 11.46 11.34 10.30 9.08 11.47

Contin
uous

Std. 0.016 0.009 0.017 0.022 0.016

Error  0.6% 0.7% -04%  -13% -03%

Table 3 Measured thickness for 19 mm steel block

Fabricated Measured Thickness
Thickness A B C D E
(mm) (18.8) (186) (17.1) (152) (19.0)

Avg. 1884 18.63 17.04 15.17 18.97

Static  Std. 0.014 0.014 0.020 0.024 0.015

Error  0.2% 0.0% -04%  -02%  -0.1%

Avg. 1884 18.62 17.05 15.16 18.96

Contin
uous

Std. 0.015 0.013 0.021 0.021 0.015

Error  0.2% 0.0% -03%  -02% -02%

Table 4 Measured thickness for 25 mm steel block

Fabricated Measured Thickness
Thickness A B C D E
(mm) (24.75)  (245)  (22.5)  (20.0)  (25.0)

Avg. 2484 24.48 22.58 20.00 24.99

Static ~ Std. 0.037 0.018 0.444 0.015 0.014

Error  0.3% -0.1% 0.3% 0.0% 0.0%

Avg. 2481 24.48 22.47 19.98 24.97

Contin
uous

Std. 0.030 0.022 0.044 0.028 0.014

Error  0.2% -0.1%  -01% -0.1%  -0.1%
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Fig. 10 FFT results of steel block with and without water
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Fig. 11 Ultrasonic pulse incident and reflected propagation in steel block containing water
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Fig. 12 Identification of water presence in steel U-rib (water height = 10 mm)
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Fig. 13 Identification of water presence in steel U-rib (water height <10 mm)
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