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A Study on the Determination of Concrete Thickness and Effective
Measurement Area using Radar

e, oA F**, £
Hong-Chul Rhim?*, Ji-Hoon Lee** and Byung-Oh Son**

= & ZagEe 728 A9r BHY sptE H2 B doluzt ¥y o)1 Ytk FAYE T2E HE

C 2 =, 2AZHESL] AA)A A8 §47 dolue) FEAE oldsta, 83k A
A7=o] dasity & wEAE dHoluie fE ZUA 44 ot ol&¥ TAaYEY FAZA %
< A, dold F4& TF ZAESL FRYS A IS Addr 4¥elME 00mm (del) X
600mm (Z)e] 7 50mm, 100mm, 150mm, 200mm, 250mm¢] F22|& AH 5718 Atk

F28o doly, 2asle, u3yaA

Abstract Radar is becoming a popular tool for condition assessment of concrete structures. The
advancement of radar method to concrete structures requires a systematic approach, which incorporates
the fundamentals of radar theory and the characteristics of concrete as a material with electromagnetic
properties. The research work presented in this paper deals with the establishment of effective
measurement area for radar measurements, the determination of concrete thickness using radar, and
the calculation of the dielectric constant of concrete from radar measurements. As results, formulas
have been suggested to determine optimum measurement area for concrete, using radar and concrete
thickness has been successfully identified for specimens used in this work. In the experiments, five
concrete specimens which have the dimensions of 900mm (length) X 600mm (width) with thickness
variation from 50mm to 250mm are used.

Keywords: radar, concrete, nondestructive testing (NDT)
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Fig. 2 Edge effect of radar system
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Fig. 3 Schematic view of a radar system
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o714, &
¢ : real part of complex permittivity

* complex permittivity

&' imaginary part of complex permittivity

€ _ & _ €
P & & 2
& = e, — j&, 3

o714, &,  relative complex permittivity
& ' permittivity of free space
8.854 X 102 Farad/meter
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o conductivity
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g, | dielectric constant
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- Center Frequency : 1GHz

- Frequency Bandwidth : 1GHz (05~15GHz)
- Pulse Repetition Frequency : 50kHz

+ Radiated Power @ 0.52mW
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Table 1 Dimensions of specimens
No.| Length(mm) X Width(mm) X Thickness(mm)
1 90 X 600 X 50
2 900 X 600 X 100
3 00 X 600 X 150
4 900 X 600 X 200
5 N0 X 600 X 250
4. 49
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Fig. 5 Concrete specimen and measurement setup
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Table 2 Distance from the edge with no edge effect

Thickness | Degree Distance from the edge
D (mm) 8 () d (mm)

50 66 1087

100 59 1664

150 53 1954

200 46 2071

250 42 2251
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Fig. 6 Optimum measurement area(shaded) with no
edge effect
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Table 3 Calculation of Dielectric constant

Elapsed Time (ns)
Thickness Tﬁr?;,e d Dielectric
D {(mm) front back constant
suface | surface | &T (ns)
50 0.82 183 101 918
100 0.68 2.66 198 382
150 064 360 296 376
200 0.69 464 3% 878
250 069 564 4% 882
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