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Research of applicability of non-destructive testing for damaged reinforced
concrete basd on nonlinear ultrasonic technology
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Abstract: Based on the test results of 27 RC pullout test specimens and a cube block of step loading, the specimens with
7ZBL-U520 non-metallic ultrasonic detector were non-destructivly tested. The effects that the second harmonic was excited by
receiver frequency and transmitter voltage were analyzed so as to determine the suitable test parameters. On the basis of the
analysis, the specimens of different corrosion rates with nonlinear ultrasonic technology were non-destructively tested and non
corroded specimens graded injury were non-destructively tested under a pullout test. The relationship of nonlinear ultrasonic
characteristic parameters (the second harmonic and nonlinear coefficients) and different corrosion rates, different load damage
were studied, applicability of nonlinear ultrasonic technology applied RC Non-destructive testing was verified. The results
show that the receiving transducer frequency equals the transmitting transducer 2 times more than the second harmonic.
Compared with the with spectrums of different voltage (65 V, 125 V, 250 V, 500 V, 1 000 V), it can be found that with the
increase of transmitting voltage, the amplitude of the second harmonic also increased . So the emitter voltage is positioned 1
000 V to obtain more accurate nonlinear ultrasonic characteristic parameters within the limits permitted by the instrument.
The second harmonic amplitude and nonlinear coefficient increases nonlinearly with the increase of corrosion rating and pulling
force, The second harmonic amplitude and nonlinear coefficients of the specimens increased slowly under higher stirrup ratio
and while thicker protective layer. In contrast, Increased rapidly, Tests showed that it's accurate and suitable to characterize
the damage degree of reinforced concrete by using nonlinear ultrasonic technology to measure nonlinear ultrasonic characteristic

parameters.
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Fig. 1 Non-metallic ultrasonic detector and transducer
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Fig. 2 Design of standard specimen
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Fig. 3 The internal structure of the specimen
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Fig. 4 Schematic of drawing test
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Tab. 1 Design parameters of specimens

ARG e AR /mm A (HRB400) AL/ (HRBA00)  MHEEINR o/ 0 fRYZEE d/mm
Card-0 60X 160X 250 120 & 10@0 w=0, 10, 20 d=35, 45, 55
Car-d-100 60 160X 250 1420 & 10@100 w=0, 10, 20 d=35, 45, 55
Card-150 60 160X 250 1420 & 10@150 ww=0, 10, 20  d=35, 45, 55
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Fig. 5 Measuring points distribution of

the opposite measurement method
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Fig. 6 Comparison of the second harmonic amplitude
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Tab. 2 Nonlinear ultrasonic characteristic parameters of corrosion before and after

5 il R w=0% w=10%(7%) w=20%(15%)

E R T W o S Al A2 B Al A2 B Al A2 B

N1 Cw350  37.19 4.10  2.96E-03  48.43 6.35  3.41E-03  36.73 7.00  5.19E-03
N2 Cw35-150  39.24 3.45  2.24E-03  36.71 5.59  4.15E-03  37.33 6.47  4.64E-03
N3 Cw-35-100  37.77 3.85  2.70E-03  35.63 5.62  4.42E-03  42.59 7.75  4.27E-03
N4 Cw45-0  39.16 3.67  2.39E-03  43.91 5.49  2.85E-03  40.77 6.65  4.00E-03
N5 Cw-45-150  44.47 3.66  1.85E-03  39.79 6.26  3.95E-03  35.95 7.21  5.58E-03
N6 Cw-45-100  44.65 3.73  1.87E-03  36.52 5.56  4.17E-03  36.76 6.80  5.03E-03
N7 Cw55-0  39.87 4.19  2.64E-03  37.58 6.00  4.25E-03  38.18 7.27  4.85E-03
N8  Cw55-150  42.74 3.40  1.86E-03  44.21 5.63  2.88E-03  43.26 6.52  3.49E-03
N9 Cw-55-100  37.40 3.62  2.59E-03  42.49 6.01  3.33E-03  39.18 6.40  4.17E-03
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Fig. 10 Effects of different rates corrosion on the A2
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Fig. 11 Effects of different rates corrosion on the f§
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Fig. 15 Damage compared of specimens under different load
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