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A Study on the Error Rate of Non-destructive Rebar Detection Under
Different Environmental Factors
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The durability and safety of reinforced concrete structures significantly depend on the reinforcement conditions, concrete cover
thickness, cracks, and concrete strength. There are two ways to accurately determine the information on reinforcing bars embedded in
concrete — the local destructive method and the non-destructive rebar detection test. In general, the non-destructive rebar detection
tests, such as the electromagnetic wave radar method, electromagnetic induction method, and radiation method, are adopted to avoid
damage to the structural elements. The moisture content and temperature of concrete affect the dielectric constant, which is the
electrical property of concrete, and cause interference in the non-destructive rebar detection test results. Therefore, in this study, the
effects of the electromagnetic wave radar method and electromagnetic induction method have been analyzed according to the
temperature and surface moisture content of concrete. Due to the technological advancement and development of equipment, the
average error rate was less than 5% in the specimens at 24°C, irrespective of their operating principles. Among the tested methods, the
electromagnetic induction method showed very high accuracy. The electromagnetic wave radar method indicated a relatively small
error rate in the dry state than in the wet state, and exhibited a relatively high error rate at high temperatures. It was confirmed that
the error could be reduced by applying the electromagnetic wave radar method when the temperature of the probe was low and in a
dry state, and by using the electromagnetic induction method when the probe was in a wet state or at a high temperature.
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Fig. 1. Covered concrete thickness test specimen
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Fig. 2. Rebar diameter test specimen
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Fig. 3. Electromagnetic wave radar method
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Fig. 4. Electromagnetic induction method
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Table 1. Test specimen variables

Specimen Rebar Moisture content | Temperature
C-W-24 100% 24°C
C-D-24 Concrete 5.5% 24°C
—_———— covered " S
C-D-05 thickness 5.5% 5°C
C-D-40 5.5% 40°C
D-W-24 100% 24°C
D-D-24 . 5.5% 24°C
— Diameter
D-D-05 5.5% 5°C
D-D-40 5.5% 40°C
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Table 2. Error rate of moisture content test Table 4. Error rate of moisture content test
Concrete covered Concrete covered
i 15 40 65 90 Ave. thickness 15 40 65 90 Ave.
Thickness 154 | 39.6 | 679 | 945 - Thickness 14.9 38.7 65.2 87.9 -
C-W-24 C-W-24
Error rate 2.3 1.0 4.5 49 32 Error rate 0.2 33 1.9 23 1.5
Thickness 157 | 389 | 650 | 93.0 - Thickness 14.9 42.1 64.4 94.1 -
C-D-24 C-D-24
Error rate 44 2.8 0.0 33 2.6 Error rate 0.7 5.3 0.9 4.6 2.8
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Table 5. Error rate of temperature test

Concrete covered

. 1 A 0 Ave.
thickness 5 0 65 Bl ve

Thickness 14.7 39.9 68.1 95.9 -
C-D-05

Error rate 2.2 0.2 4.8 6.6 35

Thickness 15.7 38.9 65.0 93.0 -
C-D-24

Error rate 4.4 2.8 0.0 33 2.6

Thickness 15.4 44.6 69.6 98.0 -
C-D-40

Error rate 29 11.6 7.1 8.9 7.6
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Table 6. Error rate of temperature test

Diameter D29 | D25 | D19 | Dl6 | D10 | D6

Concrete covered

thickness 85 875 90 | 925 95 97.5

Thickness | 84.3 | 88.1 | 91.1 | 94.2 | 98.2 | 102.5
D-D-05

Error rate 0.9 0.7 1.2 19 34 5.1

Thickness | 81.8 | 86.6 | 90.8 | 944 | 97.6 | 99.8
D-D-24

Error rate 38 1.0 0.8 2.0 2.7 23

Thickness | 87.3 | 91.5 | 93.3 | 98.8 | 100.5 | 104.3
D-D-40

Error rate 2.7 4.6 3.7 6.8 5.8 7.0
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Table 7. Error rate of temperature test

Concrete covered

thickness 15 40 65 90 Ave.
Thickness 14.6 38.6 64.8 87.7 -
C-D-05
Error rate 29 34 0.3 2.5 23
Thickness 14.9 4.1 64.4 94.1 -
C-D-24
Error rate 0.7 53 0.9 4.6 2.8
Thickness 14.5 40.9 66.1 96.4 -
C-D-40
Error rate 33 23 1.7 7.1 3.6

Average Error Rate(%)
L= R I R T L % I = T - - N - ]

0 5 10 15 20 25 30 35 40 45

Temperature(°C)

—e—Electromagnetic Wave Radar Method Average Error Rate
—s—Electromagnetic Induction Method Average Error Rate

Fig. 7. Relationship graph between temperature change and error rate
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