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Abstract 

There are few techniques available to calculate the corrosion rate (icorr) of reinforcing steel in 

concrete structures. This is due not only to a lack of instrumentation but also because it is 

necessary to take into account that polarization can irreversibly modify the metal surface and 

can affect the results or the future state of the metal. This is the reason some researchers prefer 

to test reinforcing steel with reversible techniques. The main objective of this study is to predict 

the corrosion rate of reinforced concrete using electrochemical methods combined with 

statistical tools such as multivariate analysis. Using reinforcements embedded in mortar 

samples, the corrosion rates were determined at different ages using the Tafel method and 

values obtained were compared with other techniques: linear polarization resistance (LPR), 

potentiostatic pulse testing (PPT) and AC electrochemical impedance spectroscopy (EIS). In 

addition, these values were compared to those obtained using a mixed technique based on 
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Partial Least Squares (PLS). With this technique, we were able to automatically analyze the 

current data obtained from LPR, PPT and EIS, and to predict the icorr value. The study allows us 

to conclude that it is possible to obtain reliable icorr values, very close to those obtained with the 

Tafel method by using PLS combined with PPT or LPR. Furthermore, it presents several 

advantages, such as being able to directly treat data without requiring an established Stern-

Geary constant (B) for LPR and not having to use an equivalent circuit (EC) in EIS to calculate 

icorr because only the impedance spectra is necessary.   

Keywords: Reinforcing steel, partial least squares (PLS), linear polarization resistance (LPR), 

potentiostatic pulse technique (PPT), electrochemical impedance spectroscopy (EIS). 

1. Introduction 

Obtaining accurate information about the processes that affect the durability of a reinforced 

concrete structure is essential because it allows us to determine appropriate intervention or 

maintenance strategies that might be necessary. Exploring new methods of analysis is useful 

because reliable information can be obtained, such as that gathered from certain reference 

methods. 

There are several methods to quantify the corrosion process in concrete specimens. Among the 

most commonly used techniques are the following: Tafel, Linear Polarization Resistance (LPR), 

Potentiostatic Pulse Testing (PPT), Galvanostatic Pulse Technique and Electrochemical 

Impedance Spectroscopy (EIS). Tafel extrapolation is one of the more popular methods used to 

determine corrosion density for activation-controlled corrosion processes. In this method, 

anodic and cathodic potentiodynamic polarization curves are employed. By using the slope of 

the linear region of each curve, βa and βc can be determined and therefore so can B and icorr. The 

problem with using this method with concrete is that polarizations greater than 100 mV are 

applied, which is high enough that it could modify the natural state of the steel surface in 
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concrete [1]. Once the reinforcing steel is polarized, the specimen needs time to recover its 

previous Ecorr. 

LPR has become a well-established, simplified method to determine the instantaneous corrosion 

rate of reinforcing steel in concrete. It is rapid and non-intrusive because low polarizations are 

applied. Tafel slopes cannot be calculated with this technique so it is necessary to use an 

established B value. For steel reinforcements, it is common to use a B value of 26 mV for active 

corrosion because when in passive state the error is insignificant. This approximation provides a 

reasonably good estimation of icorr from polarization resistance measurements [2-5]. 

PPT has been also used to determine icorr. Glass et al. [6] applied potentiostatically induced 

current transients in order to obtain current density. They achieved this by fitting the current 

decay with the corresponding equivalent circuit equation. On the other hand, Poursaee [7] 

determined icorr and B by using the results of the potentiostatic transient technique with small 

polarizations of ± 20 mV, and calculating the area under the current–time curves. Bastidas et al. 

[8] defined two variants for estimating polarization resistance (Rp), one from the slope of the 

plot of ln (ηt) vs. t (ηt is the overpotential in volts and t the time in seconds) and the other from 

measuring the time constant of the corrosion process directly. For built structures, galvanostatic 

pulses are commonly applied in situ with a constant current and the potential response is 

analyzed [4]. 

AC electrochemical impedance spectroscopy (EIS) provides information on the steel/concrete 

system, and from it several parameters can be obtained. It is useful in estimating a steady-state 

corrosion rate, the dielectric properties of the metal oxide formed on the steel surface, 

characteristics of the concrete, interfacial corrosion, and mass transfer phenomena [9]. 

Combining the information obtained via traditional methods and multivariate analysis can be 

helpful. Chemometrics is defined by the IUPAC (International Union of Pure and Applied 

Chemistry) as “the science of relating measurements made on a chemical system or process to 

the state of the system via application of mathematical or statistical methods” [10,11]. In 
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physics, chemistry, and even in social sciences, multivariate analysis techniques have been 

widely used. In corrosion, its use is not extensive and only a few examples can be found in the 

literature [12-15].  

In this study, we used Partial Least Squares (PLS) to estimate corrosion density and verify if, by 

combining this statistical data analysis technique with the data obtained through different 

electrochemical techniques, it would be possible to predict a reliable corrosion density value 

that was close to the values obtained by using the Tafel method directly. PLS is an 

approximation based on the use of latent variables (LV) to find fundamental relationships 

between the two matrices (X and Y). The X matrix [NxM] is the predictor or input matrix and 

the Y matrix [NxM] is the output or dependent (response) variables. The LV (few and without 

correlation) identify underlying causal relationships between X and Y [16-19]. In the field of 

corrosion science, several processes has been studied using these tools [20-21]. 

The main objective of this study was to compare the corrosion measured using the Tafel method 

to the results obtained using other corrosion measurement techniques combined with a statistical 

model in order to predict the current density. We used several typical non-destructive tests to 

calculate corrosion values in reinforced concrete structures, including [22]: linear polarization 

resistance (LPR), potentiostatic pulse testing (PPT) and electrochemical impedance 

spectroscopy (EIS). A second aim of this study was to use PLS to improve the reliability of the 

icorr values obtained in concrete corrosion studies. We used the current values obtained in the 

electrochemical test directly in the PLS matrix. With this technique it is not necessary to 

establish a B value for LPR or an equivalent circuit for EIS. 
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2. Materials and methods 

2.1. Mortar samples and laboratory conditions 

The concrete test specimens were subjected to chemically aggressive environments to favor the 

development of corrosion processes. All the tests were carried out in the laboratory, and the 

humidity and temperature were controlled to ensure that the exposure conditions were similar.  

To perform the tests, we made 12 mortar specimens. The ratio between cement:sand:water was 

1:3:0.5, using Ordinary Portland cement (CEM I 42.5) and CEN Standard siliceous sand 

(according to the European standard En-196-1). In order to obtain four different icorr values, we 

measured each specimen four times over a year, at 30, 180, 270 and 360 days (48 tests). 

We removed all specimens from their moulds 48 hours after concreting, and kept them in the 

curing chamber at 20ºC and 95% Relative Humidity (R.H.). After 7 curing days, we dried the 

specimens in the laboratory for 14 days and then immersed them in aqueous solution 0.5M 

NaCl at 20 ± 5ºC. 

All mortar cylinder specimens were made according to the standard UNE 112072:2011 [23]. 

They were Ø50 mm and 100 mm long, with a 12-mm diameter reinforcing steel rod (B500SD) 

embedded in the center. The steel rod was sealed with an anticorrosion epoxy coating, RS 199-

1468, except at the area where corrosion was going to be monitored. Figure 1 (a) shows the 

specimen geometry. The steel composition is given in Table 1. 

Table 1: Steel composition (%). 

C = 0.13 Mn = 0.78 Cu = 0.01 Si = 0.39 

P = 0.02 Cr = 0.02 Ni = 0.018 Mo = 0 

 

2.2. Electrochemical techniques 

The electrochemical experiments were carried out in a conventional three-electrode 

thermostated cell (25 ± 1ºC) in a Faraday cage. The counter and reference electrodes were a 
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stainless steel mesh electrode and a saturated calomel electrode (SCE), respectively, and we 

used an Autolab PGSTAT 100 (EcoChemie, NL) to control the voltage difference between the 

two. Figure 1 (b) shows the three-electrode cell design. 

 

Figure 1: (a) Diagram of mortar specimens. (b) Diagram of the three-electrode cell. 

 

2.2.1. Linear polarization resistance (LPR) 

We applied linear polarization resistance (LPR) when the half-cell potentials recorded for the 

different specimens were stable (we considered Ecorr to be achieved when the potential drift was 

less than 0.1 μV/s). For LPR measurements, potential scans began 10 mV below the Ecorr up to a 

value of 10 mV at a scan rate of 0.1 mV/s. By applying LPR analysis to the resulting 

voltammograms, we obtained the Rp value [23, 24]. 

Corrosion current density (icorr) is related to Rp (Ω) through the simplified Stern–Geary 

equation: 

                                                  icorr  =
B

Rp
                                                          (1) 

where B is the Stern–Geary coefficient (related to anodic and cathodic Tafel slopes). As 

explained in the Introduction section, a B value of 26 mV was used for all calculations [5].  

2.2.2. Potentiostatic pulse testing (PPT) 

a b 
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After LPR measurement, potentiostatic pulse testing was carried out. When the half-cell 

potential recorded for each specimen was found to be stable (potential drift less than 0.1 μV/s) 

we applied the first square wave pulse (+10 mV vs. Ecorr), and then when the rebar potential was 

stable again, we applied the second one (-10 mV vs. Ecorr). The duration of each pulse was 90 

seconds. Once the pulse was applied, the area under the current–time curves was used to 

determine the consumed charge during the polarization process [7]. After tests, Eq. 2 [7] was 

used to calculate the total consumed charge (Qtotal) in coulombs. 

                                                       Qtotal =  ∫ I dt
t

0
                            (2)  

where t is time (s) and I is current (A). We obtained Qtotal for both the interfacial corrosion 

process and the double layer capacitance. 

The capacitance (Qdl) obtained through electrochemical impedance spectroscopy is useful to 

make calculations. For example, by subtracting Qdl from Qtotal, the charge consumed during the 

corrosion processes (Qcorr) can be calculated and therefore so can icorr (Eq. 3 [7]). 

                                                    Qcorr = ΔQtotal − Qdl                  (3) 

2.2.3. Electrochemical impedance spectroscopy (EIS) 

We collected EIS test spectra at the corrosion potential (Ecorr) by using sinusoidal perturbation, 

an amplitude of ± 10 mV and a sweep from 50000 to 0.010 Hz. The high frequency region 

(about 105 Hz) provides information on the cementitious system [25]. In the middle frequency 

region (104 to 10 Hz), it is possible to study the dielectric properties of a layer formed on the 

steel surface [26]. In the low frequency region (from a few Hz to a few tenths of a Hz), the EIS 

spectra are affected by the Faradaic corrosion process occurring on the embedded steel 

electrodes [27, 28]. To apply this to the study of the corrosion rate of steel reinforcement in 

concrete, some studies have proposed using B values of 26 mV for the active state and 52 mV 

for the passive state [23]. These values have also been used in applications of electrochemical 
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impedance spectroscopy [29]. In our study, however, once Rp (Ω) was obtained with EIS, we 

calculated icorr using a B value of 26 mV in all cases. 

Nyquist and Bode plots show different information like electrode or electrolyte resistance and 

are a useful way to study the behavior of each corrosion group. Therefore, after taking the PPT 

measurements, we measured AC impedance and presented the data in the form of Nyquist and 

Bode plots. We fitted each impedance spectra with its corresponding equivalent circuit (EC) to 

obtain results for the most important parameters like electrode resistance, mortar resistance and 

capacity. We used Autolab Nova software to perform the fitting,  all the main corrosion values 

were obtained from the corresponding EC. The proposed circuits are consistent with the circuit 

used to analyze the electrical response when the potentiostatic pulse method is applied [30]. The 

12 specimens measured earliest (30 days) were fit with model A while the rest were fit with 

model B (Fig. 2).  

 

Figure 2: Equivalent circuits (EC) used to fit the experimental spectra. 

Figure 2A is a parallel combination with three parts: (1) macroscopic capacitance (CM), (2) a 

branch related with the capacity and resistance of the anodic region (oxidation process), and (3) 

a branch related with the capacity and resistance of the cathodic region (reduction process of the 

molecular oxygen on the steel surface). Rs is the solution/mortar resistance. The second branch 

has a serial circuit with two different parts due the Faradaic resistance associated with the 

oxidation process, Fe0-Fe+2 (2e-) and Fe+2-Fe+3 (1e-), and the double layer capacitance for each is 

Cdl2 and Cdl1. The third part includes a capacitance (Cdl) and polarization resistance (Rp3). The 
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only difference in Figure 2B is that instead of an (Rp3) there is a Warburg element (W). These 

ECs are widely used to calculate the most important corrosion parameters [28, 31]. 

 

2.2.4. Tafel extrapolation method 

The Tafel extrapolation method allows the current versus potential curves to be analyzed and 

provides information about the system’s features by means of two basic data: the equilibrium 

potential value and the current value of the electrochemical corrosion. With this method we can 

obtain different parameters such as corrosion potential (Ecorr), corrosion current density (icorr), 

anodic Tafel slope (βa) and cathodic Tafel slope (βc). The Rp value is related to the corrosion 

rate through the Tafel slopes βa and βc in the Stern-Geary equation [32-36]:  

Rp  =
βa∙βc

 2.303 ∙icorr ∙ (βa+βc)
                                   (4) 

After the EIS test, we applied linear potentiodynamic polarization when the half-cell potential 

recorded from each specimen was found to be stable. In concrete or mortar samples it is 

advisable to wait 3 days between anodic and cathodic scans to be sure that the steel sample 

surface is not damaged after being polarized [32]. Because of this, we carried out all tests in two 

phases: first we applied a potential scan from 140 mV below the Ecorr value and three days later 

from OCP to 140 mV above the Ecorr. In all phases and tests we used a scan rate of 0.5 mV/s. 

We plotted the potential against the logarithm of measured current and then extrapolated the 

linear Tafel segments to the point of intersection to obtain the principal corrosion parameters.  

 

2.3. Chemometric analysis 

2.3.1. PLS analysis 

In contrast to OLS (Ordinary Least Squares), which assumes the independence of the regressors 

and suffers from this limitation if this assumption is not true, PLS (Partial Least Squares) is a 
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data-based statistical analysis method that takes advantage of the correlation between different 

variables to compress the information. Due to this, PLS also does not require a design of 

experiments (DOE), since causality can be inferred in the space of the latent variables. In our 

case, the aim was to use experimental variables such as X to predict the icorr (variable Y). 

With PLS, irrelevant information can be removed by taking into account the correlation that 

may exist between X/Y variables. We can do this by transforming them into a reduced number 

of latent variables (related to the original X/Y variables, but uncorrelated with each other), thus 

maximizing the explained covariance between X and Y variables, as well as the variance of the 

X/Y variables themselves. For statistical analysis, we used Solo (version 6.5, Eigenvector 

Research Inc.) to perform autoscale pre-processing. This method combines centering and 

standardization transformations [19]. 

 

2.3.2. Data matrix 

Each technique provided a different matrix size. The Y-matrix was created using the icorr value 

obtained with the Tafel method (icorrTP), which was used as the reference technique. The X-

matrix values came from the data obtained using the different electrochemical methods (current 

from LPR or PPT and impedance from EIS). Table 2 shows all PLS parameters. 

Table 2: PLS model composition. 

 

Regression 

model 

X-matrix 

Y-matrix 
Technique 

Parameter 

type 
Size 

Total 

variables 

PLS-LPR LPR Current (A) 48 x 19 912 icorrTP 

PLS-PPT PPT Current (A) 48 x 800 38400 icorrTP 

PLS-EIS-Z EIS Z (Ω) 48 x 50 2400 icorrTP 

PLS-EIS-Z’ EIS Z’ (Ω) 48 x 50 2400 icorrTP 

PLS-EIS-Z’’ EIS -Z’’ (Ω) 48 x 50 2400 icorrTP 
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As seen in Table 2, the matrix size varied for each regression model used. For PLS-LPR, the 

matrix size was 48x19 because there were 48 specimens and 19 current values in the scan. For 

PLS-PPT, there were 48 specimens and 800 current values were obtained per specimen. Finally, 

for PLS-EIS there were 50 different frequencies with 3 parameter types: the total impedance 

value (Z), the real component (Z’) and the imaginary component (-Z’’). Because corrosion 

intensity is proportional to the current intensity but inversely proportional to the system 

impedance, it is necessary to linearize the Z, Z’ and -Z’’ matrices. Therefore, the X matrix used 

to fit the PLS model contained the inverse of all the values (1/z, 1/z´ or 1/z´´).   

 

2.3.3. Calibration-validation model 

Multivariate calibration is the process of combining data from several channels in order to 

overcome selectivity problems, gain new insight and allow automatic outlier detection [21]. In 

order to validate the PLS, we used a splitting algorithm to separate the whole data set into a 

calibration set and validation set. Of the two splitting algorithms available in the Solo software 

we chose the onion method, which automatically keeps both outer and random inner sample 

covariance and then the user decides what percentage to keep in the calibration set. The 

algorithm was set to randomly keep 2/3 in the training set and to use the remaining 1/3 as the 

calibration set. 

 

3. Results and discussion 

3.1. Electrochemical measurements 

To calculate the variability of the icorr value between the Tafel method and the others, the root 

mean square error (RMSE) was taken into account. RMSE gives information related with the 

standard deviation of icorr values and is calculated as follows: 
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                   RMSE = √
1

Im−1
∑ (n − nT)2Im

i=1                                    (5) 

 

where n is the value measured by the LPR, PPT or EIS methods; nT is the value measured by the 

Tafel method and Im is the number of samples. Another statistical value that helped show icorr 

variability was R2. It was calculated using the trend line when the values for each technique 

studied were compared with Tafel values. Logically, higher RMSE values involve lower R2 

values. 

Table 3 shows the root-mean-square error obtained when Tafel values are compared to the other 

techniques. The results show that the best values were those obtained using the LPR method 

where the RMSE is smaller. 

 

Table 3: Statistical values for each technique vs Tafel method. 

Technique RMSE 

LPR 0.99 

PPT 1.35 

EIS 1.11 

 

When icorr (LPR, PPT or EIS) are compared to icorr Tafel in Figure 3, the results of icorr (LPR, 

PPT or EIS) are more accurate if the fit line is close to the one with slope 1. On the other hand, 

R2 values give us information about the precision. 
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Figure 3: (a) Comparison between icorr obtained with the Tafel method and LPR. (b) 

Comparison between icorr obtained with the Tafel method and PPT. (c) Comparison between icorr 

obtained with the Tafel method and EIS. 
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 Figure 3(a) shows results obtained with LPR vs. Tafel. The fit line has a slope of 0.64 and the 

distribution of points is linear. Therefore, icorr values calculated with LPR were lower than those 

obtained by Tafel and the error in the prediction was higher when the icorr values increased. The 

RMSE value was 0.99, which was the smallest value obtained with the different techniques. 

Taking into account that in LPR technique an established B value is used (commonly given a 

value of 26 mV because the Tafel slopes cannot be calculated), this approximation provides a 

reasonably good estimation of icorr (maximum error factor of 2). This is evident in the graph 

because an R2 value of 0.97 in the fit line shows a high level of precision. If a B value of 40 mV 

had been used, the slope would be 0.99 and the RMSE 0.23. 

On the other hand, Figure 3(b) shows the results obtained with PPT vs Tafel. As before, icorr 

PPT values were generally lower than those obtained by Tafel, but in this case the average 

difference between icorr values between methods was higher than before because the RMSE 

value was 1.35, which was the highest value obtained. Compared with the previous figure, a 

lower accuracy and lower precision is shown (slope of 0.55 and R
2
 of 0.82). In this pulse there 

are two components, the faradic and non-faradic currents. Therefore, the calculation using the 

charge integration does not allow the relative importance of each electric component to be 

discerned. In spite of this fact, PPT is useful because it allows us to evaluate the anodic and 

cathodic currents in a short time period. 

Finally, as seen in Figure 3(c), when icorr obtained using Tafel and EIS were compared, the 

results showed greater dispersion around icorr values, some of them close to 3 µA/cm2. However, 

the average distance between icorr obtained with Tafel and EIS was smaller than in the previous 

case. Therefore, the RMSE value was 1.11, an intermediate value between the two previous 

ones. But it is necessary to take into account that its precision is low in spite of the accuracy 

given by the slope 0.77x, the one closer to the unit.  
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3.2. PLS analysis 

Once each regression model was obtained, icorr values were predicted through PLS Analysis. All 

values were calculated with respect to the icorr values measured with the Tafel method. In order 

to verify the ability of the PLS models to predict icorr values, root mean square error of 

prediction (RMSEP) was calculated as follows [37]: 

 

                                               RMSEP = √
1

Ip−1
∑ (ym − yps)2Ip

i=1                                    (6) 

 

where yps is the predicted value for the ith sample from the prediction set, ym is the measured 

value for the same sample and Ip is the number of observations in the prediction set. 

As previously discussed, the best model for prediction is that for which the fit line is closest to 

the line with slope 1 (icorrTafel = 1·icorr(LPR, PPT or EIS)). Due to this definition, RMSE and 

RMSEP were the same in the previous cases, and can be compared with RMSEP calculated 

with values predicted via PLS. 

 

Table 4 shows the number of latent variables (LV) used to fit each PLS regression model, the X 

and Y block percentage for the main LVs (LV1 and LV2) and the main statistical values for the 

calibration and prediction sets. As is usually the case, this table shows that the first latent 

variable (LV1) in all models explains most of the variance in the X and Y blocks. Table 4 

confirms the higher prediction potential of each PLS model because the low values of RMSEP 

are even smaller than the RMSE values shown in Table 3. Another statistical value studied was 

Q2, whose relationship to RMSEP is similar to that of R2 and RMSE. As shown, higher RMSEP 

values involved lower Q2 values. 
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Table 4: Results and comparison from PLS models. 

 

Models LV 

LV1 (%) 
 

LV2 (%) 
 

Prediction set 

X block 
Y 

block 

 
X block 

Y 

block 

 
Q2 RMSEP 

PLS-LPR 4 79.14 94.50  20.67 1.09  0.951 0.33 

PLS-PPT 3 98.15 84.74  1.13 3.73  0.977 0.23 

PLS-EIS-Z 5 95.77 74.77  3.27 13.85  0.873 0.53 

PLS-EIS-Z’ 4 96.67 67.03  2.96 13.97  0.858 0.54 

PLS-EIS-Z’’ 4 77.03 77.91  26.06 6.42  0.846 0.57 

 

 

Figure 4 (a) icorr predicted with PLS-LPR vs icorr measured with Tafel. (b) icorr predicted with 

PLS-PPT vs icorr measured with Tafel. (Dashed line represents the line with slope 1). 

 

Figure 4 (a) shows the regression between icorr LRP (linear polarization) and icorr Tafel. The 

RMSEP value, as shown in Table 4, is 0.33, which is much smaller than the values shown in 

Table 3. The distribution of points is almost linear and fits a line with slope 1 reasonably well. 

This indicates that the predicted icorr LPR values are close to icorr Tafel values. This is a good 

result and allows icorr values to be calculated in solid specimens with a small margin of error. 

Figure 4 (b) shows the regression between icorr PPT (potentiostatic pulse) and icorr Tafel. The 

RMSEP value was 0.23, which was also much smaller than the values shown in Table 3. This 



  

17 

value was the smallest value obtained with PLS regression, so the conclusion can be drawn that 

the combination of PLS and PPT is the best option for calculating icorr in solid specimens. 

 

Figure 5 (a) icorr predicted with PLS-EIS (Z) vs icorr measured with Tafel. (b) icorr predicted with 

PLS-EIS (Z´) vs icorr measured with Tafel. (b) icorr predicted with PLS-EIS (Z´´) vs icorr 

measured with Tafel (Dashed line represents the line with slope 1).  
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Figure 5 (a) shows the regression between icorr EIS (using the inverse value of impedance Z) and 

icorr TP. The RMSEP value was 0.53, which was also smaller than the values shown in Table 3. 

This combination is still useful for calculating icorr but the result was worse than that calculated 

above. Figure 5 (b) shows the regression between icorr EIS (using the inverse value of real 

component Z’) and icorr TP. The RMSEP value was 0.54, which is still less than half the value 

shown in Table 3. Figure 5 (c) shows the regression between icorr EIS (using the inverse value of 

imaginary component -Z’’) and icorr TP. The RMSEP value was 0.57. The regression equation 

yielded large dispersion and therefore worse results compared to the others. 

All the PLS models studied were reliable for calculating icorr from the electrochemical data 

obtained in tests. The results obtained directly using traditional methods (LPR, PPT and EIS) 

were worse compared to the icorr value obtained with Tafel because of the higher dispersion and 

error factors. The study shows that the best results were obtained by using PLS combined with 

PPT or LPR. With respect to the differences obtained in the results using the different methods 

without PLS compared to with PLS, it is necessary to take into account, for example, that the 

analysis of LPR-PLS requires all the intensity data of the curve, while in the LPR technique 

only the slope of the curve is used as a characteristic parameter to calculate Rp, and 

subsequently icorr. In addition, arbitrarily assigning parameter B the value of 26 mV can create a 

certain level of error when using the LPR technique. In the case of the EIS and PPT methods, it 

is important to note that the equivalent circuit models used in fitting the experimental data may 

not be the most appropriate if they do not sufficiently reflect the complexity of the chemical 

system. On the other hand, all the intensity and impedance values used to fit the PLS model are 

once again taken into account in the case of PPT-PLS and EIS-PLS, respectively. In any case, 

for subsequent studies it should be kept in mind that the fitting of the model using PLS, as 

presented in this paper, implicitly assumes the existence of linear relationships between the 

variables involved, and therefore this has to be considered if there were reasonable doubt of it 

not being true in the future.  
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4. Conclusions 

We created a model to predict icorr in mortar specimens using non-destructive tests like LPR, 

PPT and IES. PLS models may be useful in calculating icorr values close to those obtained via 

the Tafel method, which can be considered a reference method that produces accurate values. 

Only by inserting current density values or the inverse of impedance responses is it possible to 

predict icorr. Once the model is created, it is possible to calculate new icorr values by performing 

new non-destructive tests. The study showed the following results: 

- The worst results were obtained when icorr was calculated using only electrochemical 

methods: RMSE (root mean square error) obtained were 0.99, 1.35 and 1.11 when 

LPR, PPT and EIS were used, respectively. 

- The best icorr values were obtained using the PLS-PPT regression model. In this case, 

the RMSEP (root mean square error of prediction) was 0.23. 

- The PLS-LPR regression model was the second best combination with respect to 

efficiency. With this model the RMSEP was 0.33. 

- The PLS-EIS model was the model with lower precision and accuracy. Depending on 

each variable used Z, Z’ or –Z’’, the RMSEP obtained were 0.53, 0.54 or 0.57, 

respectively. 

This research seems to indicate that the proposed methodology allows us to determine corrosion 

rates with more precision and accuracy compared to other methods used on a regular basis. 

Further studies are planned in order to verify the results by performing the same tests on real 

structures or on samples separate from those used in the present work. 
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