l:t-‘f Journal of the Korea Concrete Institute
=] VOIl. 19, No. 6, pp. 785~793, December, 2007

R

I3

A2HE 0|88 Z2JEE W EZEE FH AT

The Use of Galvanostatic Pulse Transient Techniques for Assessing
of Corrosion Rate of Reinforcing steel in Concrete

Hyoung-Seok So"*
"Dept. of Architectural Engineering, Seonam University, Namwon 590-711, Korea

ABSTRACT An electrochemical transient response technique was used to study the corrosion of reinforcing steel bar in the con-
crete. Analysis of the transient electrochemical potential response in a corrosion interface to an applied current has enabled the sep-
arate components that make up the measured transient response to be isolated. These components display a range of resistances
and capacitances, dependent on the corrosion conditions of the reinforcing steel, which may be attributed to the corrosion process,
to effects within the concrete cover or to film effects on the surface of the concrete. In this technique, the corrosion rate was eval-
uated by summing all of the resistances in the separate components to obtain an aggregated corrosion resistance. However, it is
possible that not all resistances identified are associated with the corrosion process. The results obtained show that the corrosion
rates are significant dependent on the assignment of the separate components to either corrosion or to other processes. The assign-
ment of resistive components associated with the corrosion rate can be clearly identified by taking a series of the transient mea-
surement at different lateral distances from the corroding reinforcing steel. An inappropriate selection of measurement time
however may result in an additional resistance, which is not associated with corrosion, being included or part of the resistance asso-

ciated with corrosion being left out.

Keywords : corrosion, reinforcing steel, concrete, transient, lateral distance

.M E

AozanETERaN WAz RS 27 4%
At} Bjel o gdloltt 2y RAL EaAYE
URelN Bolx 9 Ao} ehsA WA B
o wEEe Rajo] FRolut & WAz o] A7t
02 UeddR, og 9% ¥F 2 ugmAE ¥4
ge Mg ez o Aoy WESHY Holth vy
a2 YR molA oA Aojuhs BEIe] B
Ae w27 wAel A ek ¢ Aow, B
A b AATelT GHel B W w7 AW

FEY 7 US Aot

A2 A71348H4 HPH (electrochemical method)S ©]-&
s B2 54 e vwA ZEE W ool AL 2
Ad= de Az Yo o] 7isd vFY FeEA
A FHERI Yt o]F 7P FEE] dE wEe 2
AHE FHA BT FAIHS (corrosion potential)

*Corresponding author E-mail : sohs0l@paran.com
Received July 9, 2007, Accepted August 31, 2007
(©2007 by Korea Concrete Institute

2 24381 AAA9Y (half-cell mapping)’oltt. o] ¥
wo HaFgg ez BFEIe] B4 By 7t
=
[CR¢]

29, |
o

wmo map|Ee A7 A8 (concrete resistivity)’ S 278}

= Zlojth whd AAXMS A o3 “E& F24 7 (90%

oy o g AME &4 Ry} B FAYES AVAF

Yehd s, ol A nE e A g
] z

T
SR

ju]
ok
°
rr X
L)
I
o
>,
= i

o ot
)
}m}m;‘j'

ol off
VY
o |o
A
ot ox
o
Av)
rir
paV
flo
o
i)
o

1o
2
oyl
m}&
rl
1o
o -t
it
o
_0r1_5
)
n
Bl
i,
32 r
fllo
£
[e]

S 2 o o o lo gl
Ir
Z
rlﬁ
it
x
g o
T~
o: O‘W
Fo
o
lo
=
i
b~
rr
S

i
F
i
1o 9
o
ZO

at

i
iy
EY
ot

2, ol g
.
o
o
il

=48 5 e 4713
(linear polarization resistance)”,

ok
i

785
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Fig. 3 Complex electrochemical equivalent circuit”
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Table 1 Typical corrosion rates for steel in concrete
Polarization Corrosion Corrosion
Rate of . . .
corrosion resmtance; cment dens1;cy, penetration™,
Ry (kQom’) | i (MA/emY) | p (m/year)
Very high 25 <Ry <025 10 <igyy < 100] 100 <p <1000
High 25<R;<2.5] 1<ie, <10 | 10<p<100
Low/moderate | 250 <R <25 | 0.1 <ip, <1 1<p<10
Passive R, <250 Teor < 0.1 p<1

* Loss of reinforcement section from Faraday’s Law, assuming
2+
Fe—Fe

Table 2 Experimental parameters

Parameter (units)

Lateral distance: 0, 100, 200, 300, 400 (mm)
Measurement time: 5, 10, 30, 60, 90, 180 (sec)
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Table 3 Resuits for bar MS1, 90s pulse

Resistance Lateral distances (mm)
(kQcm’) 0 100 200 300
Ra 153 25.5 49.1 583
R; (Cy, pF/em’) 33.9 (936) 36.7 (815) 38.0 (818) 39.2 (767)
R, (C,, uF/em’) 11.9 (313) 24.3 (1895) 12.4 (230) 29.7 (134)
R; (Cs, pF/em’) 7.6 (36) 14.1 (28) 5.8 (45) 20.0 (16)
R4 (Cy, pF/cm’) 6.6 (5) 8.3 (8) 53 (7) 15.6 (3)
*Resistances in bold thought to be directly associated with corrosion
Table 4 Results for bar MS2, 90s pulse
Resistance Lateral distances (mm)
(kQem’) 0 100 200 300 400
Ro 43.5 66.0 71.5 74.7 80.6
R, (C,, pF/cm’) 52.7 (644) 58.6 (534) 63.7 (534) 54.9 (567) 53.0 (612)
R, (Cy, pF/em’) 29.0 (279) 40.5 (153) 50.2 (113) 39.3 (174) 30.0 (274)
R; (C;, uF/em’) 11.3 (23) 184 (17) 251 (13) 20.4 (20) 12.0 27)
R, (Cy, uF/em’) - - - 14.2 (5) 14.3 (3)
*Resistances in beld thought to be directly associated with corrosion
Table 5 Results for bar MS3, 90s pulse ]
Resistance Lateral distances (mm)
(kQem’) 0 100 200 300
Rg 223 30.8 31.8 34.6
R, (C;, pF/em’) 14.5 (2080) 16.7 (1844) 17.8 (1778) 18.1 (1738)
R, (C,, puF/em?) 9.3 (576) 8.5 (776) 7.0 (1081) 7.0 (943)
Rs (C3, pF/em’) 3.5 (148) 4.1 (129) 3.8 (160) 3.3 (197
Ry (Cy, pF/cm’) 3.9 (20) 3.6 (16) 33 (14 4.0 (16)
*Resistances in bold thought to be directly associated with corrosion
Table 6 Results for bar MS4, 90s pulse
Resistance Lateral distances (mm)
(kQem’) 0 100 200 300
Rg 17.0 20.4 28.0 315
R, (C;, uF/em’) 678 (36) 594 (39) 601 (40) 585 (41)
R, (Cy, pF/em’) 47 (118) 49 (85) 51 (75) 46 (110)
R; (C5, puF/em’) 38 (22) 32 (22) 29 (22) 32 (24)
R, (C4, pF/em’) 1 (12) 10 (13) 10 (12) 11 (12)
*Resistances in bold thought to be directly associated with corrosion
Table 7 Results for bar MS5, 90s pulse
Resistance Lateral distances (mm)
(kQem®) 0 100 200 300 400
Rg 18.0 31.0 43.0 56.0 75.0
R, (C,, puF/em’) 7.5 (4536) 7.8 (4042) 10.0 (3840) 114 (2565) 13.0 (2166)
R, (C,, pF/em’) 5.3 (433) 5.6 (455) 4.7 (397) 5.5 (369) 5.7 (358)
R; (Cs, pF/em’) 3.7 (55) 4.0 (56) 3.4 (46) 3.5 (63) 4.2 (58)
R, (C4, uF/em’) 4.0 (7) 4.0 9 2.7 (10) 4.7 (15) 43 (9)
* Resistances in bold thought to be directly associated with corrosion
Table 8 Resulits for bar MS8, 90s pulse
Resistance Lateral distances (nm)
(kQem®) 0 100 200 300 400
Ro 28.0 34.0 38.0 44.0 54.0
R, (Cy, uF/em’) 928 (26) 1041 (25) 992 (30) 862 (33) 913 (32)
R, (Cy, uF/cmf) 65 (65) 87 (70) 60 (42) 51 (54) 52 (48)
R; (C3, pF/em’) 36 (15) 40 (15) 24 (16) 30 (25) 20 (22)
R, (C4, puF/em®) - - 11 &% 10 (8) 8 (8)

* Resistances in bold thought to be directly associated with corrosion
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Table 9 Corrosion rates for bars MS1-6 at lateral distance 0 mm

Bar Ro kQem) | ZRyga (KQem?)  |igor using SRy (mA/em’)| IRy (kQom’) ieor USINg TRy (MA/em®)
MS1 153 60.0 0.42 26.1 0.96
MS2 435 93.0 0.27 93.0 0.27
MS3 223 31.2 0.80 16.7 1.49
MS4 17.0 774 0.03 774 0.03
MS5 182 20.5 1.22 13.0 1.94
MS6 28.4 1029 0.02 1029 0.02

Table 10 Influences of measurement time on the assessment of corrosion rate
(a) Actively corroding steel, MS3

Measurement| Rq Ry o t R, G ) Rs G t Ry Cy Yy Ry Toorr
Time (5) | (k)| KQem)(pFlom’| (sec) (KQemj(uFlem?)| (seo) (kQemf(uFlen®)| (sec) |(eQenY(uFem’) (sec) |(kQerm’(uFlenn’)
5 149 9.1 224 2.0 6.2 35 02 24 6.3 0.02 - - - 17.7 1.41
10 149 10.8 372 4.0 5.8 78 0.5 3.6 12.7 0.05 - - - 202 1.24
30 14.9 134 | 1120 | 15.0 6.3 258 1.6 4.8 34.1 0.16 25 6.5 0.016 | 136 1.84
60 149 154 | 1418 | 219 6.3 497 32 5.0 619 | 031 3.2 14.1 [ 0.045 ] 14.5 1.72
90 149 154 | 2113 | 325 7.8 587 46 51 0.7 | 0.41 38 39 10054 | 167 1.50
180 149 230 | 3975 | 91.6 11.8 790 93 5.6 100 0.56 4.3 145 | 0.063 | 21.7 1.15

*Resistances in bold thought to be directly associated with corrosion
(b) Passive steel, MS4

Measurement| Rg R, C 4 R, G, 1% R; G 4 Ry Cy in Ry ieor
Time (s)  |kQem\(KQem|({Flom?) (se0) |[(KQem|(pFiem’) (see) |(kQemf(uFfom’) (sec) &Qem*Y(F/em?| (sec) |(kQem)pF/em’)
s 1762 | 180 | 105 19 | 124 | 27 | 033 | 48 | 09 | 004 | - - - 352 | 0.071
10 762 | 190 | 185| 37 | 152 | 39 | 060 | 78 | 1.0 | 008 | - - - 420 | 0.060
30 62 | 2311 48 111 | 183 | 98 | 179 126 | 20 [ 025 | 38 | 11 | 004 | 578 | 0.043
60 762 | 341 64 | 218 | 185 | 199 | 370 | 146 | 40 | 058 | 81 13 | 0.10 | 753 | 0.033
90 762 | 344 | 93 | 321 | 190 | 288 | 547 | 158 | 55 | 087 | 94 | 17 | 0.16 | 786 | 0.032
180 762 | 345 | 181 | 624 | 199 | 529 | 105 | 213 | 64 | 136 | 112 | 16 | 0.17 | 869 | 0.029

*Resistances in bold thought to be directly associated with corrosion
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