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Abstract

Steel corrosion in concrete is a main cause of deterioration and early failure of concrete structures. A novel integration
of electromagnetic heat induction and infrared (IR) thermography is proposed for nondestructive detection of steel
corrosion in concrete, by taking advantage of the difference in thermal characteristics of corroded and non—corroded
steel. This paper focuses on experimental investigation of the concept. An inductive heater is developed to remotely heat
the embedded steel from concrete surface, which is integrated with an IR camera. Concrete samples with different cover
depths are prepared. Each sample is embedded with a single rebar in the middle, resulting an identical cover depth from
the front and the back surfaces, which enable heat induction from one surface and IR imaging from the other
simultaneously. The impressed current (IC) method is adopted to induce accelerated corrosion on the rebar. IR video
images are recorded during the entire heating and cooling periods. The test results demonstrate a clear difference in
thermal characteristics between corroded and non—corroded samples. The corroded sample shows higher rates of heating
and cooling than those of the non—corroded sample. This study demonstrates a potential for nondestructive detection of

rebar corrosion in concrete.
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Table 1 Condition of bare rebar sample

Type .
(Number of Diameter and Corrosion condition
length
sample)

Non corrosion

16.6% Corroded (with rust)

Bare rebar sample | 9.5 mm, 30.4 mm

®) 38 in. 12 in) 16.6% Corroded (w/o rust)

28.6% Corroded (with rust)

28.6% Corroded (w/o rust)

Table 2 Condition of RC samples

1(“;?? Geometry Cover Diameter & | Corrosion
© (LXWXH) depth Length condition
sample)
Block shape .
240X64 X115 mm 3.O1n 9.5 mm, 30.4
Non | (95x25x45 i | Am 70T o
COI’{;)ded Block shape 15 (3/8 in and | Corroded
240X90 X115 mm | o m) 12 in)
(9.5%35%4.5 in) i
Block shape .
. 1.0in
240X64 X115 mm (95.4mm) |95 mm, 304
Corroded | (9.5X2.5X4.5 in) ’ mm 10%
@) Block shape 38 (3/8 lIl and | Corroded
240x90x115 mm | 5“;3 12 in)
(9.5%3.5%X4.5 in) ’
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(b) Samples under ICM

(a) Schematic of ICM

Fig. 1 Accelerated corrosion of concrete samples using ICM
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(b) Cracking due to corrosion

Fig. 2 Corrosion in samples

(a) Mechanism of heat induction  (b) Heat induction machine

Fig. 3 Electromagnetic induction heating and equipment
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Table 3 Features of induction heating equipment

Model HX-25KWHF
Input voltage 220V AC/ 50—60 Hz / 2 Phase
Input voltage range 180—245 V AC
Input watt 15 KVA Max
Output oscillation frequency 30 KHz—100 KHz
Output oscilla.tion current during 200 A—600 A
heating period
Output oscilllat‘ion cur-rent during 200 A=600 A
retaining period
Heating time 1-99 sec
Retaining time 1-99 sec
Cooling time 1-99 sec
Duty cycle >80 % (30 C, room temp)
Cooling water design 0.06—0.12 MPa 7.5 Liter/min
Connection cable 3.5 meter
Weight 25 Kg
Main machine size 535 X 200 X 450 mm
Head machine size 315 X 200 X 350 mm
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(a) Front view

(b) Back view

Fig. 4 IR Thermography test setup for bare rebar

Fig. 5 IR Thermography on steel
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(a) RC samples (1.0 in cover depth)

(b) Test setup

Fig. 9 Photos of RC samples and test setup

(b) 10% Corroded sample

(@) 0% Corroded sample

Fig. 10 IR Thermography in RC sample (25 mm cover depth)
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Fig. 11 Averaged relative temperature intensity in RC samples
(1.0in cover depth)
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Fig. 12 Heating and cooling rate (25mm cover depth)
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Fig. 13 Relative temperature intensity in RC sample (25mm)
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Table 4 Conditions for additional test (1.5 in cover depth)

Cover depth Heating Ca Cooling
(Corrosion %) period P period
1.5 (0%)
Test A 180 sec 0 sec 900 sec
1.5 (10%)
1.5 (0%)
Test B 480 sec 60 sec 960 sec
1.5 (10%)
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Fig. 16 lteration 1 relative temperature intensity plot (Test A)
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Fig. 17 lteration 1: relative temperature intensity plot (Test B)
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