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ABSTRACT 

The Stem Geary approximation method of monitoring corrosion is a well- 
established accelerated method in conducting media. The impedance method 
of monitoring corrosion is also very much in use. However, the Stem Geary 
method seems to be unsuitable in highly resistive media like concrete. An 
instrument has been designed to measure the polarization resistance of steel 
after eliminating the concrete resistance. A special probe has also been 
developed for this technique. Previous work in this area, confined to instru- 
ments of lower current capability, was carried out by the authors and patented 
111. Now there is a demand for an RCC monitor with high current capability 
enabling studies on a larger area of the sample. The instrument reported in 
this paper is capable of supplying currents of up to 500mA with high 
precision and makes it possible to monitor the corrosion rate of steel in 
concrete. 
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INTRODUCTION 

In the measurement of corrosion rate in existing and new concrete 
structures, many instrumental methods are employed. The commercially 
available equipment suffers from inadequacies, which hamper accurate 
measurement of corrosion rate. These instruments generally operate in the 



galvanostatic mode and as such there is no provision for elimination of 
concrete resistance in measuring the polarization resistance. The 
electrochemical technique of open-circuit potential (OCP) and resistivity 
measurements do not quantify accurately the rate of corrosion of steel 
embedded in concrete. Further the dc polarization technique of measurement 
of corrosion rate gives inaccurate results due to inclusion of the IR drop. 
Concrete being a high resistivity medium, the dc method does not give the 
true corrosion rate unless the IR is eliminated. The other methods of assess- 
ment of corrosion damage include potential mapping, measurement of 
concrete resistivity, analysis of concrete core samples, the rebound hammer 
technique and the ultrasonic pulse velocity method. These methods mainly 
indicate the state of concrete like quality, deterioration with time, pollution 
level, surface characteristics and corrosion susceptibility only. Hence there is 
a need to use a method that gives a quantitative picture about corrosion rates, 
especially in the field. After measuring the actual corrosion rate it will be 
possible to access the present state of the structure. The main object of the 
instrument developed is, therefore, to obviate the above disadvantages by 
designing and fabricating a suitable corrosion rate meter for laboratory and 
field use. 

OPERATING PRINCIPLE 

This equipment consists of a potentiostat with a three-electrode output, 
used for estimation of the polarization resistance measurement. Using the 
Stem Geary approximation, the polarization resistance is estimated within a 
linear region of application of a small overvoltage /2/. The overvoltage 
applied is within I OmV over and above the rest potential under potentiostatic 
conditions of polarization in either the anodic or the cathodic direction. The 
corresponding current is measured and the DC polarization resistance (R,) is 
estimated (R, = AElAl). The same is repeated for a small-amplitude a.c. 
overpotential at a predetermined frequency, and the corresponding a.c. 
component of the current is measured. This current is used to compute the 
resistance of concrete (h), i.e. R, = AE,/AIaC. The charge transfer resistance 
(RJ is calculated from the difference in values of the DC and AC 
polarization resistances, i.e., 



From the above equation, the polarization resistance of a steel rod 
embedded in concrete after eliminating the concrete resistance is obtained. 
The corrosion rate of the reinforcement steel is inversely proportional to the 
polarization resistance. Using the Stem Geary equation, the I,,, values are 
obtained. 

I,,, ( p ~ l c r n ~ )  = 0.026 x lo6 1 Kt x Area (cm2) (2) 

The corrosion rate values are then obtained from the relationship 

Corrosion Rate (mmpy) = 0.0 12 x I,,, ( p ~ l c r n ~ )  

DESCRIPTION OF THE INSTRUMENT 

Figure 1 shows the schematic functional block diagram of the instrument. 
Al ,  A2, A3 and A4 form the potentiostat circuit. Polarization resistance is 
measured using the reinforcement steel working electrode (WE), a stainless 
steel (SS) counterelectrode (CE) and a saturated calomel reference electrode 
(RE). The potentiostat cir:uit first initiates the measurement of the open- 
circuit potential (OCP) be& een the working and reference electrodes. A5 is a 
programmable dc source, which is designed to provide a control potential of 
+ 2 V. An appropriate overpotential from A5 is applied between the counter 
and the working electrodes. This overpotential is within 20 mV over and 
above the OCP in either the anodic or the cathodic direction. The correspond- 
ing cell current is measured through A4, a current-to-voltage converter, using 
a digital panel meter (DPM), and R, is evaluated. Then an ac overpotential of 
20 mV is applied at a predetermined frequency of I kilohertz generated by 
the sine wave oscillator. The corresponding ac current is measured through 
an active filter, A6. This filter is designed to pass only the I kilohertz signal. 
The ac current measured at this particular frequency is due to purely ohmic 
resistance, and hence the R, is obtained directly from AElAI. A7 forms a uni- 
polar generator to measure the ac current. 

A wetted sponge of 50 x 100 mm size with a counterelectrode (SS) of 1 

cm x 6 cm and a reference electrode (SCE) is used for measurements. A rein- 
forcement steel rod acts as a working electrode. The specimen and cell setup 
is shown in Fig. 2. A photograph of the instrument is shown in Fig. 3. 



VOLTAGE SUMMING 
FOLLOWER 

I T O V  ACTIVE AC - DC ( CONVERTER 1 FILTER 

r n E R  
AMPLIFIER 

R (SATURATED CALOMEL) 

W (REINFORCEMENT STEEL) 

CONCRETE SPECIMEN 

Fig. 1: Functional block diagram o f  high-current RCC monitor. 



Fig. 2: Specimen and Cell Setup 

Fig. 3: High Current RCC Monitor 



RESULTS AND DISCUSSION 

The performance of the instrument was evaluated by measuring the 
corrosion rate of steel embedded in concrete by means of the instrument and 
comparing the rate with the value obtained by a gravimetric method. The 
values of R, and R, for steel (1 0 mm dia. & 50 mm length) in 1 :2:4 concrete 
with 4% NaCl after 3.5 years of exposure were found to be 1000 R and 
476 R, respectively. The R, value was 524 R, which corresponded to a 
corrosion current of 3.05 pA/cm2. From this value the corrosion rate was 
found to be 0.036 mmpy. The corrosion rate obtained by the gravimetric 
method for the same conditions was 0.040 mmpy. In a similar manner, for a 
mild steel specimen (10 mm dia. of 1000 length) embedded in 900 x 230 x 8 

mm concrete containing 3% NaCI, the corrosion rate was measured with the 
instrument and by gravimetric method after 3.5 years. The corrosion rates 
were 0.05 mmpy and 0.06 mmpy, respectively. These studies revealed that 
the developed instrument is able to measure the corrosion rate accurately. 

Corrosion rate measurement with this instrument agrees very well with 
weight loss results. Quantification of steel corrosion in concrete is possible 
by using this instrument, if concrete resistance in the measurement of 
corrosion current is eliminated. DC and AC techniques are incorporated in a 
single instrument and measurements are carried out in a non-destructive way. 

CONCLUSIONS 

An instrument was designed and fabricated for measurement of the 
corrosion rate of steel in concrete. Using this instrument it is possible to 
measure the rate of corrosion of steel reinforcements embedded in concrete. 
The IR drop due to concrete resistance is eliminated in all measurements. The 
instrument has been field-tested and found to work satisfactorily. 
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