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The equivalent circuit model for RC and the Nyquist-plot

Decreasing Frequency _ I?er?ar
P concrete interface
Rp

Imaginary
Impedance -Z;,

R, R, + Rp
Real Impedance Z __W\/
Nyquist-Plot Rs Cdl

-In general, impedance spectroscopy of rebar in concrete becomes one
semicircle.

- The solution resistance (Rs) accounts for the ionic conduction
in the electrolyte filling the pores of cover concrete.

- The other elements refer to the double layer capacitance

at the rebar/concrete interface (Cdl) and the charge transfer resistance (Rp),,
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The result of the impedance spectroscopy

at the locations of measurement points (32 cycles)

15 e OPC = Center a PCM]]

g -1
g
N -0.5 oo AAA“AA—

O 05 1 1.5 2 25
Zreal(KQ)
The impedance spectroscopy

* The measurement result did not show
one semicircle.

- The semicircle at high frequencies
and a second semicircle associated
to the steel corrosion process
at low frequencies.
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The corrosion current density at each point(32cycles)

Current(pA/cm?)

1.2 @Tafel @)
0.8 ¢ Rp -Con
0.6

[
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. 4
P ge—

0.4 %
0.2
0.0 é

0 100 200 300 400

Measurement points (mm)

.D.<

Tafel: Porarization curves
Rp, Rp-Con: EIS

—MV— W
_'W\/_ R, | R | |

Rsa L4 cPE1 H "HcPE2

The corrosion current density
of Rp-con becomes larger
than Rp.

 The current difference in measurement points like the Tafel case

could not be observed.

- It was difficult to judge the tendency of localized corrosion at the joint

and its surroundings based on the measurement result by EIS.
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Corrosion current density - calculate using this equation

E1
n=blogit+a
Anode n: Overvoltage (mV),
i: Current density (WA/cm?),
| a, b: Fixed number peculiar to an
Cathode electrode reaction, (mV) (mV/decade)
Corrosion Log i

current density

The relationship between
electric current and Voltage ° The coefficients in equation
were calculated using the measurement results.
- The corrosion current can be obtained
from the point of intersection of the two lines.

RSIT,
S

3y
U
%
{
“‘I‘nce 183&

270
OIS >




The steel corrosion rate can be calculated
from the Stern-Geary equation

- The corrosion current density for rebar
can be calculated by

| = KIR,

electro

|: Corrosion current density(uA/cm?) (SUS304)
= Corrosion rate The measurement system of
K:The proportionality constant electrochemical impedance
The active state(corrosion)—26(mV/decade) spectroscopy (EIS)

The passive state (No corrosion) — K=52(mV/decade)
R,:The charge transfer resistance (Q)

R, can be measured by using EIS.
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EEPESDORET2013FFE SR

Gmax | Air | sL V\é/ </3 B 78 (kg/m3) B {78 (g/m3)

mm) | &) fem| Bl wlclFls]Flaln]a
40 413 783 | 986 | 2.6 | 125
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(mm) | ) [ em)| %) | ) T e TETs TF T AT A&
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40 413 7711 986 [2.07(0.99
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