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High-speed Ultrasonic Imaging of Steel Bars and Pipes in Concrete using
Low Frequency Array Transducer
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The use of ultrasonic arrays for non-destructive testing has been widely spread in recent years. As an array imaging
method, we propose the full-waveform sampling and processing (FSAP) technique that utilizes a complete set of signals
of all combinations of transmission and reception elements. The ultrasonic beam is synthesized from the signal set by
the post-processing with the GPU calculation. In this study, pipes and reinforced steel bars in concrete material were
reconstructed with the FSAP. Since the ultrasonic wave attenuates significantly in concrete, we develop an array
transducer with a 50 kHz center frequency. For the effective focusing of ultrasonic beam in concrete, the ultrasonic
wave field radiated from the array transducer is simulated using the multi-Gaussian beam model. In experimental
measurements, it was shown that the shapes of pipes and steel bars in a concrete specimen with 800 mm height were
reconstructed with high accuracy in real time.
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Fig.1 (a) Location of array transducer and focal point x,

(b) Signal matrix storage.
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Fig.3 Radiated ultrasonic wave fields calculated with the
MGB simulation[4].
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Fig4 Picture of the low frequency array transducer with 16
elements (left) and its element configuration (right).
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Fig.5 Frequency spectrum of reflected signal from

flat bottom surface in acrylic material.
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Fig.6 (a) Concrete specimen and (b) Images of steel pipe,
steel bar, and plastic flexible conduit.
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