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Reflection Wave Property of Electromagnetic Radar according to
Change of Depth and Thickness of Voids under Concrete Tunnel Lining

T3
Park, Seok Kyun

ABSTRACT

This study aims to detect only voids and estimate the cross-sectional size and thickness of
voids using radar. A new method based on radar image processing is carried out with various
void sizes and depths. The regression relationship between void size which has different depth and
the amplitude characteristics of the radar return is considered in a new method of this research.
For the purpose of examining this regression relationship, experifnents with change of void depth,
surface area and thickness were carried out. Finally, the threshold value for image processing
which aims to represent only voids to be fitted size (width) can be obtained. As the results, a
proposed method in this study has a possibility of detecting only voids and estimating void size

and thickness with good accuracy.
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Fig. 1 Gradient vectors for radar image of a void Fig. 2 Three dimensional radar image of a void
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Fig. 3 Concept of thresholding Fig. 4. Behavior of radar returns at multiple boundaries
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Fig. 5 Relationship between maximum amplitude Fig. 6 Relationship between maximum amplitude
characteristics of radar return and void depth characteristics of radar return and void
when STC 1, 20, and 80 are applied surface area
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Table 1 Experimenral design for estimation of void size(W, D and
H are defined in Fig. 8) and thickness

7
Fixed factor ]
|_Change _in_void depth W40, D40, H10 Denth 10.30.50.70
Depth30, H10
W10 D10,20,30,40
W40 D10,20,30,40
H:100mm Change in void surface area 8}18 wgggg:gg
w20
2000mm . w30 D30
W50 D50
Fig. 7 Example of experimental ) T Depth30, H10,20,30
condition Change in void thickness[H] W40, D40
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Fig. 8 Radar images removed surface wave(up) and results of image processing(down)

(b) W40,040,H10,Depth 20cm
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(@) W40,040.H10,Depth 10cm W40,,40,H10,Depth 30cm
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Table 2 Results of detection of a void size (width) by image processing for each condition (unit : cm)

Experimental Conditions | Void size (Width) | Results | Relative error | Average error
W40,D40,H10
. Depth10 40 40 0
Sg;“izp‘;’l 30 40 3% -4 -15
50 40 39 -1
70 40 39 -1
Change in W10, D40, H10 10 - -
void surface W20, D40, H10 20 23 +3 +35
area ‘W30, D40, H10 30 34 +4
Change in W40, D40, H20 40 34 -6 40
Void thickness W40, D40, H30 40 37 -3 '
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