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Kee, Seong-Hoon The electrochemical impedance spectroscopy(EIS) method was used to evaluate the concrete
Tel : 82-51-200-7612 deterioration process related to chloride-induced steel corrosion with various corrosion levels
E-mail : shkee@dau.ac.kr (initiation, rust propagation and acceleration periods). The impressed current technique, with four

total currentlevels of 0C, 13C, 65C and 130C, was used to accelerate steel corrosion in concrete cylinder
samples with w/c ratio of 0.4, 0.5, and 0.6, immersed in a 0.5M NaCl solution. A series of EIS measurements

Received : September 26,2022 was performed to monitor concrete deterioration during the accelerated corrosion test in this study.

Revised :November5,2022  Some critical parameters of the equivalent circuit were obtained through the EIS analysis. It was

Accepted : November 14,2022 observed that the charge transfer resistance(R.) dropped sharply as the impressed current increased
from 0C to 13C, indicating a value of approximately 10kQcm?” However, the sensitivity of R, significantly
decreased when the impressed current was further increased from 13C to 130C after corrosion of steel
had been initiated. Meanwhile, the double-layer capacitance value(C4) linearly increased from
50x10°uF/cm? to 250x10°uF/cm? as the impressed current in creased from 0C to 130C. The results
in this study showed that monitoring C4is an effective measurement parameter for evaluating the
progress of internal concrete damages(de-bonding between steel and concrete, micro-cracks, and
surface-breaking cracks) induced by steel corrosion. The findings of this study provide a fundamental
basis for developing an embedded sensor and signal interpretation method for monitoring concrete
deterioration due to steel corrosion at various corrosion levels.
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Figure 1. Detail of concrete samples and acrylic molds: (a) section views of the concrete sample and (b) plan and section views
of the acrylic mold used for fabrication of concrete samples in this study

Table 1. Basic chemical properties of steel bar

C Cu Fe Mn P Si S
0.27% 0.20% 98% 0.90% 0.040% 0.040% 0.050%
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Table 2. Basic mechanical properties of steel bar

Tensile strength(MPa) Yield strength(MPa) Elongation(%o) Elastic modulus(GPa)
415 230 20 200

Table 3. Basic chemical and mechanical properties of cement

Specific gravity(g/cm®) MgO(%) SO3(%) Fineness(cm?/g)
3.04 3.38 2.35 4014

Table 4. Gradation of fine aggregates

Uncertainty of measurement

Sieve size Reference value of ISO Certification values (confidence level =95%, k=2)
2.0mm 0 0% 0%
1.6mm (7£5)% 7.1% 3.0%
1.0mm (33+£5)% 33.2% 3.0%
0.5mm (67+5)% 67.9% 3.0%
0.16mm (87+5)% 87.7% 3.0%
0.08mm (99£5)% 99.6% 1.0%

Table 5. Basic physical properties of chemical admixture

Type Class Color Main ingredient Density(g/cm’)

Super plasticizer Liquid Lemon yellow Polycarboxylate 1.04+0.05
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Figure 2. A Schematic diagram of the test setup for electrochemical measurements in this study
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Figure 3. Proposed equivalent circuit for the concrete and reinforcing steel interface
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Figure 5. (a)~(d) Typical Nyquist plots of test results for concrete specimens immersed in 0.5M NaCl solution after the

accelerated corrosion tests with different impressed currents: (a) 0C, (b) 13C, (c) 65C, and (d) 130C

Table 6. Fitting parameters used for curve fitting in Figure 5

Total applied electric charge(C)

paf:rggtge . W/C 0.4 W/C 0.5 W/C 0.6
0 13 65 130 0 13 65 130 0 13 65 130
Ro(kQcm?) 4152 2410 2333 20438 1700 02 0.1 0.0 2938 546  179.0 167.9
Ca (UF/ecm?  0.002 0.000  0.005  0.005 0.008 0.007  0.01 0.01 0.009 0.005  0.002  0.002
0 09 095 0.82 0.82 0.81  0.80 0.79 0.78 082  1.01 0.91 0.9
Rs(kQcm?) 1.8 2.5 1.6 1.6 1.8 1.6 1.1 1 1.6 12 1.0 1.0
Cax(uF/em? 541 530 1958 2115 352 372 1838 150.8 161 2396  166.1 245.6
o 091 093 0.72 0.71 087  0.87 0.72 0.83 076 0.94 0.68 0.59
Re(kQem?) 32,925 33490 9.5 8.5 31,729 31,209  10.0 10.2 11,400  39.09 24 22
Wr(Qem?) - - 238x10°  0.0067 - - 0.01 0.08 - - 5720 5515
Wr - - 1.6x10™ 8.5x107"2 - - 79x10" 45x10™ - - 1.1x10™ 5.8x10™"
0 - - 0.29 0.21 - - 0.24 0.19 - - 0.94 0.87
Ry/Ro(%) 0.061 0069  17.63 19.26 0.004  0.005 11 9.8 0.015 0312 4424 4855
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