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The Elementary Study on the Development of a Sensor for Measurement
of Steel Corrosion by Transient Electro-Magnetic (TEM) Method

SANG-HO LEE AND JEONG-SEB HAN
*Department of Architecture Engineering, Tonghae University
**Division of Civil & Ocean Engineering, Dong-A University
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ABSTRACT: In order to measure steel corrosion in mortar by a transient electro-magnetic (TEM) method, the development of the
sensors have been studied. The sensors were made of enamelled wire with diameter of 0.25mm and Acril. The sensor configuration was
used as a coincident loop type. The secondary electro motive force(EMF) was measured with SIROTEMIIL The accelerator was equipped
with the SIROTEMIIL The accelerator permits the transmitter to turn off approximately 10~15 times faster than normal. The high
resolution time series used for very shallow or high resistivity investigation was selected. The steels were embedded in mortar which were
made from sand : cement : water ratio of 2 : 1 : 0.5. The mortar specimen was 50cm long, 20cm wide and 10cm thick. To investigate
steel corrosion in mortar, the sensors used were with 2><2sz( 3, 6 92 ), 3><3cm2( 3, 6 992 ) and 6 X6cm2( 3, 6, 92) The
obtained result obtained showed that the sensor 8 (6 X6cnm’, 6.02) was the proper sensor for the measurement of steel corrosion in mortar.
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Fig. 1 Principle of transient electro-magnetic method

Fig. 2 Schematic diagram of TEM survey
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Fig. 3 Transient response of simplified TEM system
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Fig. 4 Transmitter current waveform

Table 1 Transmitter on/off time at high resolution time series

Window number On-time Off-time
(finish window) (ms) (ms)

1~35 8.333 8333
36~40 16.667 16.667

41 ~43 25.000 25.000
44~45 33.333 33.333
46~47 41.667 41.669

48 50.000 50.000
49~50 58.333 58.333
51~52 83.333 83.333
53 108.333 108.333
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F3t), off-timeE et Al T Y (receiver)ol| A -F-=H 22} 7]AEH
o] Fig. 58} #o] ZR3aAo g ilEojzith %42 Window

AZPER LG A2 ampling time interval) & 31 0] F
olAv] Window WE7t 271045 AEY Ahe Fupy 5
of ik,
Table 2 Window delay time and- sampling time at high
resolution time series
) Sampling .
Window  Number of . Window
time(ms) .
number samples . delay time(ms)
(6 s intervals)
1 1 0.008 0.008
2 1 0.014 0.014
3 1 0.020 0.020
4 1 0.026 0.026
5 2 0.032~0.038 0.035
6 2 0.044~0.050 0.047
7 2 0.056~0.062 0.029
8 2 0.068~0.074 0.071
9 4 0.080~0.098 0.089
10 4 0.104~0.122 0.113
11 8 0.128~0.170 0.149
12 8 0.176~0.218 0.197
13 8 0.224~0.266 0.245
14 8 0.272~0.314 0.293
15 8 0.320~0.362 0.341
16 16 0.368~0.458 0413
17 16 0.484~0.554 0.509
18 16 0.560~0.650 0.605
19 16 0.656~0.746 0.701
20 16 0.752~0.842 0.797
21 32 0.848~1.034 0.941
22 32 1.040~1.226 1.133
23 32 1.232~1.418 1.325
24 32 1.424~1.610 1517
25 32 1.616~1.802 1.709
26 64 1.806~2.186 1.997
27 64 2.192~2.570 2.381
28 64 2.576~2.954 2.765
29 64 2.960~3.339 3.149
30 64 3.344~3722 3533
31 128 3.728~4.490 4.109
32 128 4.496~5.258 4877
33 128 5.264~6.026 5645
34 128 6.032~6.794 6.413
35 128 6.800~7.562 7.181
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Table 3 Chemical compositon of steel rebar(wt. %)

C Si Mn P S

0.29 0.16 1.21 0.029 0.029

Table 4 Mechanical properties of steel rebar

Yield strength Ultimate strength Elongation
(kgf/mm°) (kgt/mm?) (%)
44 64 23
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Table 5 Characteristics of sensors

Size Resistance  Turns Distance (cm)
Sensor

(cm) (&)  (numbers) Ty(a) Rx(b)
1 2X2 3 90 0.80 2.20
2 2X2 6 180 0.80 2.20
3 2X2 9 270 0.75 2.25
4 3x3 3 60 0.70 2.20
5 3%X3 6 120 0.70 2.20
6 3%X3 9 180 0.75 2.25
7 6%X6 3 30 0.45 1.85
8 6 X6 6 60 0.70 2.20
9 6X6 9 90 0.55 1.75

QO

Resistor

Fig. 8 Schematic diagram of experiment
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