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Fundamental Study on Developing Embedded Mini—Sensor
for Nondestructive Diagnosis Corrosion of Rebar
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Abstract

Corrosion of rebar embedded reinforced concrete is the main cause of collapse and degradation of reinforced concrete
structure. Degradation occurs in reinforced concrete structures from corrosion caused by the Chloride that the damage
other than the severe degradation of the structure in terms of maintenance and construction when the huge expense
required and deciding terms is hard. Therefore, early detection of rebar corrosion is important for efficient maintenance
and repairing and planning. Meanwhile, how to evaluate the corrosion of the non—destructive measurements have been
used a lot. In particular CM—1II (corrosion meter) is used to measurement the natural potential, polarization resistance and
the resistivity of the concrete, but has some disadvantages. Embedded mini—sensor has been developed in order to
overcome these disadvantages. So Measurement corrosion for using the mini—sensor compares with the measured results
CM~-1I (corrosion meter), the developed mini—sensor verify the validity.
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Table 1 Potential of rebar and probability of corrosion
(ASTM C 876)

corrosion rate

low(less than 10%)
uncertainty
high(more than 90%)

Self—Potential (mV)
more than —200
—200 ~ =350
less than —350
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Table 2 Relation polarization resistance with corrosion rate
(BRE, 2001)

polarization resistance Rp (kQcm) corrosion rate

more than 250 passive state

250~25 low/middle
25~2.5 high
2.5~0.25 very high

Table 3 Corrosion of rebar by polarization(BRE, 2001)

current ensity of .
N . corrosion depth )
corrosion corrosion rate

. 2
icoy-rv(NNcm2) Leorp»(UA/CmM™)

Up to 0.2 Up to 2

02 ~ 05 2~6 low/middle

05 ~ 1.0 6 ~ 12 middle/high
> 1.0 > 12 high

passive/low
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Note

W E: Working eletrode

R E:Reference elecirode

CCE: Central counter electrode

GCE : Guard counter electrode

R E:AgiagCl

CCE : Stainless steel ring with a 4.0¢cm outside
diameter and a 0.8cm inside diameter

GCE : Stainless sreel ring with a 10.4cm outside
diameier and a 4.5em inside diameter

- RE I'huhle-coum\.r clectrode
- Al

GCE

Circular casing
of chloruethylene

A

» Yy
WE Steel har [®] (@]

Arca measured
Concrete

Fig. 1 Measurement using CM—1|

Table 4 corrosiveness assessment by resistivity

resistivity (kQcm) corrosiveness
< 5,000 very large
5,000~10,000 large
10,000~20,000 small
>20,000 not

AZA CM-117] S74717F @o] AR¥ AL 3tk Fig. 1
& OM-T12 043 2ol 9 j2kael Igio)
th " B9 AT gadorA o RUEY J|e
24 ACYTE~E gelH o etk Teiy B9l
m2bA] 0.1~10mHz &2 o] oJste] AFur7k4] 574
o] Weahl, 24T uj A7) Aeke o] A4} £
ot} 3 AC YA = o] A= =AA|7}o]
H]*/;H Z_:]j_y Zyll= _O_ul— 6}]/& A2] = Ad gk
717} wrb o Bash, AF Az sl 8
2o] Pogjo] AgAo] vhk, RAAFE ohs S
Aol Pl B QA0 e H7 AF 2319 Wl o
3 A7t vigtol, 2799 WF el ek 4
A9] H= e Aol mhE AR WekE ul Awol
Zo} Aol A8317|7F wLeksitt(John P, 2002).

2.4 ST E HIAZ
FIE So o] P4 1) ot QoI Aas

23e19] A7} WolA g % Agele A= Al
A4 99 FOT AW o] Bk By M4
A

rO

External electrode
10mm
terior electrode

8mm

Reference electrode

Fig. 2 Qutline of mini—sensor
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(b) Adhere to rebar

Fig. 3 Processing mini—sensor adhere to rebar

(a) Keep 5mm depth

CM=1
=>
Congfete cover:
Embedded 20
Mini Sensor
BRG+200+180mm

Fig. 4 Measurement method and figuration

Table 5 Concrete proportion

Ww/C Unit weight (kg/m’)
(%) Water Cement Sand NaCl
60 180 300 600 18
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Fig. 5 Condition of accelerated corrosion cycle
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(a) Placing (b) Thermo—hygrostat

(d) measurement of mini—sensor

(c) Measurement of CM—11

Fig. 6 Experimental procedure
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Fig. 7 The status of rebar and mini—sensor after end of experiment
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Table 6 The average value of measurement data
Potential Polarization resistance Concrete resistivity
CM-II Minisensor CM-11/ CM-1I Minisensor CM-11/ CM-1I Minisensor
(mV) (mV) Mini (kQcm) (kQcm) Mini (kQem) (kQem)
Typel ‘ Type2 Typel ‘ Type2 sensor | Typel ‘ Type2 | Typel ‘TypeZ sensor Typel ‘ Type2 | Typel ‘TypeZ
1 -58.25 -35.7 94.3 73.6 35.7 25.7
1.631 1.28
cvde | —795 | -37 -468 | -246 974 | 912 | 756 | 716 368 | 346 | 266 | 248
9 ~140.05 -85.4 785 66.9 %55 20.2
1.639 117
cyele | —1645 | -1156 | -949 | -759 812 | 758 | 674 | 664 266 | 244 | 212 | 192
3 —213.55 ~133.15 65.9 487 19.9 175
1.603 1.29
cvele | —1988 | -228.3 | -1189 | -1474 698 | 62 | 534 | 48 207 | 191 [ 182 | 168
4 ~269.95 ~165.5 41.35 29.9 144 11.8
1.631 1.25
cyde | —2783 | -261.6 | -120.4 | —20L6 439 | 388 | 354 | 304 156 | 132 | 122 | 114
5 ~355.3 -219.08 195 185 7.6 48
1.620 118
cyde | -351.9 | -358.7 | -186.6 | -25L5 228 | 212 | 194 | 176 82 | 7 5 | 46
6 -397.6 -245.95 121 1 43 3.7
1616 1.28
cycle | 3943 [ -4009 | —237.7 | -254.2 146 | 136 | 11.2 | 108 48 | 38 | 39 | 35
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Mini—sensor potentiallmVl
-300 -250 -200 -150  -100 -50 0

[-33.7,-58.23]

[-85.4, —mu.usy g

- -150 L

[-133.15,-21355 ] =
/-, -200 =]

[-165.5. 269,951 250 3

=1.62 =
el ¢ 300 =

[-219.05,-335.3 =
=
F -350 =

-400

1-245.95, -397.6]

Fe=10.999

Fig. 8 Potential of Correlation CM— Il and mini—sensor

Cvcle

1cycle 2cycle 3cvele Adcycle Scycle  GBeyele

-50 L S
100 \\.\ —®— Mini-sensor
N e

Z-150

éfzuu \ \\

8 250 \ \\'—
-5

-300 \\\
-350

Probability of corrosion rate is high .\‘7
-400

Fig. 9 Comparison of potential CM—1l and the mini—sensor
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Fig. 10 Actual measurement of polarization resistance
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Fig. 12 Comparison of Polarization CM— I and the mini—sensor
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