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A B S T R A C T   

Corrosion is one of the main issues affecting service life of reinforced concrete structures. The 
Open Circuit Potential (OCP) technique is a non-destructive method used to survey and monitor 
this problem. This test can also be used in laboratory environment and provide valuable infor-
mation supporting the selection process of supplementary materials for durable concretes. 
Although this qualitative technique is commonly used, there is still a lack of consensus on the 
suitability of specific procedures for experimental analysis, such as type of reference electrode 
and influence of accelerated aging procedures (adoption of wetting/drying cycles and level of 
immersion of specimens). Therefore, the present study aims to evaluate the method for prediction 
of early steel corrosion activity in the accelerated OCP tests. The paper is focused on testing eco- 
efficient cementitious composites containing industrial wastes, such as sugarcane bagasse ash 
sand (SBAS) and water treatment plant sludge (WTPS), in replacement of natural sand. The results 
showed that an adoption of combined wetting/drying cycles, together with a partial (rather than 
total) immersion of specimens in NaCl solution, leads to earlier appearance of corrosion. This 
allows to shorten the period of testing by almost 10 weeks. It is due to higher access to oxygen and 
higher concentration of free chlorides from the saline solution accumulated in a porous system. 
The type of reference electrode is of lesser importance. Moreover, incorporation of 30% SBAS and 
3% WTPS results in higher protection for steel corrosion, confirming wide applicability of the 
OCP technique to any cementitious matrices with or without industrial wastes.   

1. Introduction 

Corrosion is a major problem in concrete structures, which leads to severe deterioration of structural serviceability and safety. 
Thus, periodic inspections and surveys are essential to provide adequate information for maintenance services and to increase a 
lifespan of concrete structures. One of the most commonly used non-destructive method to monitor corrosion activity is the Open 
Circuit Potential (OCP) technique (ASTM C876 [1], RILEM TC 154-EMC [2,3], SIA Merkblatt 2006 [4]). It can be efficiently performed 
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in a field or laboratory. The main aim of this purely qualitative method is to evaluate probability of corrosion occurrence, without 
providing any quantitative information [5,6]. The difference of potential in steel (mV) is obtained from the electrolyte (concrete) in 
relation to a reference electrode, by means of a high impedance digital voltmeter. The measurements are compared to the standard 
intervals which indicate: high (> 90%), uncertain or low (< 10%) probability of corrosion, according to a reference electrode 
(Table 1). 

Although this technique is widely used, the analyses may be somehow problematic since the results depend on the number of 
parameters, such as: concrete cover thickness and composition [7], water/cement ratio (w/c), moisture content [8], mineral additions 
[9], chloride content [10], presence of cracks [6], combined carbonation/chloride effect [11], temperature and relative humidity [12]. 
On the top of this, specific laboratory procedures, which are not defined by ASTM C876 [1], can have a significant impact on the 
experimental results. Particularly, use of different reference electrodes, level of specimens’ immersion (total or partial) in aggressive 
solutions, and adoption of aging cycles are some of the factors, which should be carefully assessed. Table 2 lists different experimental 
parameters, which can be adopted. Due to the lack of consensus on specific procedures, any comparisons of the data results from the 
literature are extremely challenging. 

Sustainable concrete construction requires more and more often the use of unconventional substitute materials for a partial 
replacement of Portland cement or sand [30,32]. In this context, alternative aggregates from industrial wastes, such as, sugarcane 
bagasse ash sand (SBAS) and water treatment plant sludge (WTPS), have been successfully used in replacement of natural sand [18, 
19]. It is estimated that 4 million tons of SBAS is annually generated from the bagasse burning for sugar and ethanol production [20]. 
Improvements in mechanical properties and durability of concrete containing 30% of SBAS are related to refinement of pores reached 
by the filler effect and pozzolanic reactivity [15,21,22]. Water treatment plant sludge (WTPS) is another waste generated in large scale. 
Each conventional plant is able to produce about 100 thousand tons per year of sludge [23]. The use of WTPS as a substitution of 
natural sand (up to 3%) can result in compressive strength and water absorption similar to the conventional concretes [24,25]. Both 
waste materials (SBAS and WTPS) are very often not properly disposed of, ending up in rivers, tillage and clandestine landfills [26]. 
This causes several environmental risks due to chemical products used in sugarcane processing and water treatment [23,27,28]. The 
incorporation of by-products in construction materials contributes also to the reduction of exploitation of scarce natural resources and 
minimization of environmental impacts from sand extraction [29,30]. Furthermore, these residues can provide enhanced durability 
and increased resistance against external agents due to refinement and clogging of pores in cementitious composites [31,32]. 

However, the adequate comparisons between corrosion performance of different concretes, containing eco-efficient raw materials, 
requires fully standardized laboratory procedures. Therefore, the present study aims to evaluate the method for prediction of early 
steel corrosion activity in the accelerated OCP tests. The assessment was based on the type of reference electrode, the adoption of 
wetting and drying cycles, and the immersion level of samples in NaCl solution. This paper is focused on testing cementitious com-
posites containing industrial wastes (SBAS and WTPS) in replacement of natural sand. 

2. Materials and methods 

Three cementitious composites with different aggregates were prepared for the experimental study. Portland cement (CP V ARI 
[33] containing 90–100% in mass of clinker + calcium sulfate, similar to cement CEM I [34]) was used. Natural fine and coarse sands 
were acquired from the local suppliers. Natural fine sand was replaced by the sugarcane bagasse ash sand (SBAS) and the water 
treatment plant sludge (WTPS) in the content of 30% and 3%, respectively. Physical characteristics of aggregates are shown in Table 3. 

SBAS samples were obtained from sugarcane plants in the state of São Paulo (Brazil). This residue was oven-dried at 110 ± 5 ºC, 
homogenized by sieving (#4.8 mm) and grinded by a mechanical mill for 3 min. WTPS was collected from a water treatment plant in 
the state of São Paulo during cleaning process of decantation tanks. The sludge was oven-dried at 110 ± 5 ºC to a constant mass, and 
subsequently grinded in a fine aggregate mill. Chemical characterization of CP V ARI, SBAS and WTPS are shown in Table 4. 

Table 5 shows the mix compositions (based on [20,24]) and their respective compressive strengths. Cementitious composites were 
prepared with the same water/cement ratio (w/c) of 0.55, showing a plastic consistency for all mixes in a fresh state (flow table results 
of 250 ± 10 mm [35]). 

Steel CA-60 [36] with a nominal diameter of 5 mm was used as the reinforcement of cementitious composites. Chemical 
composition of steel is shown in Table 6. 

Cleaning and preparation of steel bars were carried out according to G1-03 [37]. The surfaces of bars were first brushed and 
immersed in acetone for 5 min. Then, they were dried using paper towels and immersed in 1:1 HCl aqueous solution with 3.5 g/L of 
hexamethylenetetramine for 10 min. Subsequently, all bars were rinsed with deionized water and immersed in acetone for 2 min. Fig. 1 
shows the effectiveness of the cleaning procedure, where oxidation stains were completely removed, resulting in homogenous steel 
bars. 

The cleaned samples were selected using an electrochemical cell (Fig. 2), which allowed identification and exclusion of any bars 

Table 1 
Corrosion probability as a function of OCP values using different reference electrodes, according to ASTM C876 [1].  

Corrosion probability OCP for Cu/CuSO4 electrode OCP for Hg/HgO electrode OCP for saturated calomel electrode Corrosion state 

< 10% OCP >− 200 mV OCP > 18 mV OCP >− 126 mV Passive 
Uncertain -350 mV < OCP <− 200 mV -132 mV < OCP < 18 mV -276 mV < OCP <− 126 mV Uncertain 
> 90% OCP <− 350 mV OCP <− 132 mV OCP <− 276 mV Active  

T.A. Hemkemeier et al.                                                                                                                                                                                               
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with irregularities and non-uniformities. The steel bars were positioned in an acrylic plate with half height immersed in 3.5% NaCl 
solution, without contact with the bottom of container, for three days. After that, the potentials were measured by a high impedance 
digital voltmeter (technical details presented in Table 7), in relation to a saturated calomel reference electrode (SCE). 

The individual bars with a spread of results above 2% in relation to the average potentials of the group were excluded. 

Table 2 
Examples of different experimental parameters using the OCP technique.  

Reference Aging cycles Immersion of specimen Reference Electrode 

[9] 2 days in 5% NaCl solution + 5 days in dry condition (40ºC) Partial SCE 
[13] 3 days in 3.5% NaCl solution + 4 days in laboratory environment Partial Cu/CuSO4 

[14] 1 day in 16.5% NaCl solution + 6 days in laboratory environment Total SCE 
[15] 2 days in 3.5% NaCl solution + 5 days in oven (50ºC) Partial Ag/AgCl 
[16] No cycles (5% NaCl solution) Total SCE 
[17] 2 days in 3% NaCl solution + 5 days in a ventilated oven (50ºC) Partial SCE  

Table 3 
Physical characteristics of aggregates.  

Materials Fine sand SBAS WTPS Coarse sand 

Specific gravity (g/cm3)  2.64  2.69  2.34  2.60 
Maximum dimension (mm)  0.60  1.18  2.40  4.80 
Fineness modulus  1.32  1.15  1.51  2.54  

Table 4 
Chemical composition of CP V ARI cement, SBAS, and WTPS (FRX).  

Elements (%) SiO2 CaO MgO Fe2O3 Al2O3 SO3 K2O Na2O CO2 TiO2 LOIa 

CP V ARI  19.17  65.73  0.61  3.21  5.03 2.84  0.61 0.52 2.38 –  3.79 
SBAS  91.30  0.40  0.20  3.00  2.30 –  0.50 – – 0.90  1.30 
WTPS  44.8  0.37  0.83  12.17  30.23 0.3  2.01 0.19 – 1.3  7.81  

a Loss on ignition 

Table 5 
Mixture compositions of cementitious composites (by mass).  

Specimens Cement Fine sand SBAS WTPS Coarse sand w/c ratio Compressive strength at 28 days (MPa) 

REF  1  1.35  0  0  1.65  0.55  45.8 
30SBAS  1  0.946  0.413  0  1.65  0.55  49.7 
3WTPS  1  1.31  0  0.041  1.65  0.55  46.3  

Table 6 
Steel chemical composition by optical emission spectrometry (OES).  

Element Fe C Mn P S Si Cr Ni Mo Cu 

(%)  98.75  0.12  0.43  0.02  0.03  0.09  0.08  0.09  0.01  0.20  

Fig. 1. Optical microscopy for cleaning evaluation (1000x) (a) before cleaning; (b) after first acetone immersion; and (c) total cleaning.  
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After cleaning and selecting procedures, the standardized steel bars were partially coated by a liquid insulating tape to limit the 
exposure area for corrosion tests. Fig. 3a shows a tool to handle the steel specimens to avoid any contamination of samples. The 
insulating liquid tape proved to be more efficient in comparison to an epoxy resin. This was confirmed by keeping different coated 
samples immersed in 3.5% NaCl solution for seven days. Fig. 3b shows the steel bars after testing of coating. 

Some corrosion points were observed along bar B, which was fully coated with epoxy resin. On bar C, the corrosion points were 
even more evident, possibly due to the partial coating. This factor may be associated with the presence of metals in epoxy resin, which 
contributes to the potential differences between epoxy resin and steel bar, facilitating the beginning of corrosion process. For samples 
D and E, covered by an insulating liquid tape and exposed to NaCl solution, a better performance was recorded. During testing, oxides 
from the corroded bars (D) were deposited at the bottom of containers. However, no deposition occurred in sample E (fully coated with 
insulating liquid tape), indicating a total insulation of the bar. Therefore, for the OCP analysis, the steel bars were partially coated by 
using insulating liquid tape. 

Reinforced cementitious composites were casted in prismatic moulds (50 mm × 70 mm x 100 mm) with two prepared steel bars, as 
shown in Fig. 4. 

The moulds were filled with mortars in two layers and compacted by a vibrating table. The specimens were covered with a plastic 
film and stored in laboratory environment for 24 h, when they were demoulded and copper cables were connected for OCP tests. To 
prevent any contamination of the electrical connections, top surfaces of the specimens were coated with an insulating liquid tape as 
shown in Fig. 5. 

The Open Circuit Potential (OCP) technique, based on ASTM C876 [1], estimates the electrical corrosion potential. This is done by 
connecting a high-impedance voltmeter to a working electrode (steel reinforcement embedded in the specimen) and a reference 
electrode, respectively in the positive and negative poles. A saturated sponge with a high conductivity solution (5 mL of neutral 
detergent in 1 L of water) were placed between the surface of concrete specimen and the reference electrode. The values indicating the 
probability of corrosion are shown in Table 1. The test started after 28 days of curing in Ca(OH)2 saturated solution and lasted for a 
period of 20 weeks. Different procedures adopted in this study are illustrated in Fig. 6 and described below. All mix compositions were 
analysed in triplicate. 

2.1. Types of reference electrodes (Fig. 6a) 

To evaluate the influence of reference electrodes, two tests were performed using saturated calomel electrode (SCE) in KCl solution 
(widely used in laboratory analysis [1,2]) and Hg/HgO electrode in KOH solution. This allowed estimation of any possible contam-
ination of the system, which could compromise the final results. Both electrodes were calibrated prior testing, by comparing to the 
other electrodes of the same nature, ensuring reliability of the results. The fixed exposure conditions used in both tests were wet-
ting/drying cycles (described below) with specimens partially immersed in 3.5% NaCl solution. The potentials were measured twice a 
week by a high impedance digital voltmeter (Fig. 7a). 

Fig. 2. Assembled electrochemical cell (a) and potential measurements (b).  

Table 7 
High impedance digital voltmeter technical details.  

Parameter Electric current Measurement range 

Voltage DC 40.0 mV to 1000 V  
AC 40.0 mV to 750 V 

Resistance – 400.0 Ω to 40.00 MΩ 
Capacitance – 40.00 nF to 400 µF 
Current AC or DC 400.0 µA to 10.00 A 

Note: DC: direct current; AC: alternating current. 

T.A. Hemkemeier et al.                                                                                                                                                                                               



Case Studies in Construction Materials 16 (2022) e01042

5

2.2. Accelerated aging cycles (Fig. 6b) 

The influence of wetting/drying cycles was evaluated by two tests. One set of samples were subjected to wetting/drying cycles, 
where the specimens were kept partially immersed in 3.5% NaCl solution for three days, followed by drying in oven at 50 ± 5 ºC for 
four days (seven days per cycle). The measurements were obtained manually using a high impedance digital voltmeter at the end of 
each wetting and drying semi-cycle (twice a week) (Fig. 7a). Another group of samples were kept partially immersed in saline solution 
(without drying semi-cycles). For this last group, the measurements were obtained by an automated system developed in free software 
Arduino IDE 1.8.8. (Fig. 7b). It was possible to perform the remote monitoring, as well as to record measurements daily. The accuracy 
of the Arduino readings was verified by comparing to the manual readings by a voltmeter. SCE reference electrode and specimens 

Fig. 3. Steel bars coating: (a) apparatus for painting the bars; (b) Comparison between different coatings (epoxy resin x insulating liquid tape: A - 
fully exposed, B and C – fully and partially coated with epoxy resin, respectively, and D and E – partially and fully coated with insulating liquid tape, 
respectively). 

Fig. 4. Positioning of steel bars in the specimen (mm).  

Fig. 5. Specimens with connected copper cables and insulation with liquid tape on the top.  

T.A. Hemkemeier et al.                                                                                                                                                                                               
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partially immersed (in 3.5% NaCl solution) was considered in both tests (with and without cycles). 

2.3. Level of immersion of the specimens in saline solution (Fig. 6c) 

To analyze the influence of immersion level, tests were carried out with specimens partially and fully immersed in 3.5% NaCl 
solution during wetting/drying cycles. The potentials were measured by a high impedance digital voltmeter (Fig. 7a), in relation to a 
SCE reference electrode. 

3. Results and discussion 

3.1. Influence of reference electrodes 

The results of SCE and Hg/HgO reference electrodes are shown in Fig. 8. 
Potential readings were obtained after one minute stabilization because of high oscillation given by mortar’s electrical resistivity, 

especially after the drying semi-cycle. Similar behavior has been noticed for the same composites, with a maximum difference of one 
week in starting corrosion activity. This minimal difference may be due to the casting of specimens since the analysis occurred in two 
separate sets of samples. However, the stoppage criterion is the point of time when two consecutive readings of potential in the same 
condition (i.e., two weeks) indicate a high probability of corrosion [17,38]. Thus, it was assumed that the type of reference electrode 
did not influence the results of OCP technique. Different solutions inside each analyzed electrode (KCl and KOH) are not able to 
contaminate cementitious composites (attacked by chloride solutions), and vice versa. Therefore, the measurement system is reliable 
for any adopted solution. 

It is important to mention that additional analysis with other types of reference electrode, such as Cu/CuSO4, Ag/AgCl, MnO2 
electrodes, as well as other aggressive solutions might be necessary. Nevertheless, these results show clear insights that OCP evalu-
ations are independent of the reference electrode used, regardless composition of cementitious matrix. 

Fig. 6. Parameters considered: (a) types of reference electrodes, (b) with and without wetting/drying cycles, and (c) total and partial immersion 
of specimens. 

Fig. 7. Voltmeter (a) and Arduino (b) systems used to data collection for potentials measurements.  
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3.2. Influence of wetting/drying cycles 

Fig. 9 shows the OCP results obtained from different aging procedures: samples subjected to wetting/drying cycles, and samples 
continuously kept in wetting exposition (without cycles). 

Aging cycles lead to a faster depassivation of the steel bars, where potentials tend to quickly reach the high corrosion probability 
zone. While samples subjected to cycles have initiated corrosion activity up to the 16th week, the samples without being subjected to 
cycles did not display any corrosion until the end of test (20 weeks or 140 days). Only REF mixture has indicated a significant drop in 
the last weeks, but the results remained in the uncertainty zone. This delay (longer than 10 weeks) in corrosion initiation is attributed 
to the presence of drying semi-cycle, since the wetting exposition was the same for all samples, i.e., partially immersed in 3.5% NaCl 
solution. This is due to easier diffusion of oxygen into cementitious composites given by drying condition, determinant for corrosion 
process. The alternating wetting and drying cycles increase transport rate of O2 gas, quickly diffusing through dry pores and dissolving 
nearby steel bars when immersed in saline solution [9]. Furthermore, the adoption of wetting/drying cycles intensifies the mechanisms 
of chlorides transportation into the specimens. This occurs by capillary absorption when the specimens are dried, and by diffusion after 
the pores are saturated. Consequently, chlorides concentration is significantly increased: in the drying semi-cycles, water evaporates 
and chlorides precipitate as salt inside pores and, in the wetting semi-cycles, more chlorides are absorbed by the matrix, increasing the 
amount of salt in pore solution. This justifies more negative potentials reached in Fig. 9a in comparison to those in Fig. 9b. 

From these results, it was possible to verify the influence of adoption of wetting/drying cycles in accelerating corrosion process. In 
order to obtain results from the OCP technique faster, aging cycles should be applied. 

Fig. 8. Potentials measured with SCE and Hg/HgO reference electrodes: (a) SCE reference electrode results; (b) Hg/HgO reference electrode results; 
and (c) Hg/HgO converted to SCE with SCE results. 

T.A. Hemkemeier et al.                                                                                                                                                                                               
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3.3. Influence of total and partial immersion of specimens in aggressive solution 

Another analyzed parameter was the type of immersion used during the OCP testing. In samples subjected to wetting/drying cycles, 
potentials were measured in relation to the saturated calomel electrode (SCE). For the wetting semi-cycle, two types of immersion were 
considered: total and partial immersion in 3.5% NaCl solution (Fig. 10). 

Steel bars embedded in specimens partially immersed (Fig. 10a) displayed probability of corrosion above 90%, before those bars 
were embedded in specimens fully immersed in saline solution (Fig. 10b). Samples exposed to total immersion had a delay in corrosion 
initiation between 4 and 5 weeks compared to those partially immersed in NaCl solution for all cementitious matrices. This occurs due 
to the easiness of oxygen ingress in partially immersed specimens, facilitating corrosion process. Moreover, a partial immersion allows 
a higher capillary suction owing to evaporation of water, leading to a faster chloride transportation from the saline solution into the 
specimens [38]. Thus, it is possible to affirm that the adoption of samples partially immersed leads to a faster conclusion of the test, 
especially when different concrete compositions are compared. 

Moreover, it seems that wetting/drying cycles, with total immersion of the specimen (Fig. 10b), have greater influence on 
increasing corrosion probability rather than a single partial immersion of specimens in chloride solution, without cycles (Fig. 9b). The 
adoption of wetting/drying cycles intensifies transport mechanisms of chlorides into the specimens. This is because the alternating 
cycles increase transport rate of oxygen, which quickly diffuses through dry pores and facilitates steel bars dissolution when immersed 
in saline solution [9]. 

3.4. Stoppage criterion for the OCP technique 

The stoppage criterion adopted in Fig. 10b was defined as the point of time when two consecutive measurements of potential (after 
wetting semi-cycles) indicate a probability of corrosion greater than 90%. This is a common practice found in the literature [17,38]. In 
fact, when the potentials became more negative, steel bar displays visible pitting corrosion after extraction from mortars specimens, as 
confirmed by Fig. 11a. For comparison, Fig. 11b shows an uncorroded steel bar extracted from mortar specimens subjected to 20 weeks 
wetting exposition, partially immersed in saline solution, but not in active corrosion state (OCP test results shown in Fig. 9b). 

Pitting corrosion is typically caused by chloride attack as shown by the scratched and darker areas on the cleaned surface of 
corroded bar (Fig. 11a). This confirms the aggressiveness of wetting/drying cycles since both steel bars were cleaned following the 
same procedure after being removed from the specimens. Thus, the fast and reliable results can be obtained by the adoption of wetting/ 
drying cycles in accelerated OCP tests. 

3.5. Data collection systems 

It was observed that measurements obtained manually (by a voltmeter) are more suitable for tests with wetting/drying cycles, 
while the automated measurements (by Arduino) are more adequate for tests without aging cycles, due to the system assembly process. 
Alternating cycles require a handling of specimens between oven and saline solution, making the manual procedure more attractive. 

Fig. 12 shows potential values measured for each 10 min by Arduino during a 3-days wetting semi-cycle (total of 4320 min). 
It is assumed that a measurement at the beginning of wetting semi-cycle is equivalent to the reading right after the drying semi- 

cycle. The measurement at the end of wetting semi-cycle is equivalent to the reading just after immersion in saline solution. The 
potentials started from more negative values (time 0, when the specimens were dried), showing potential values in the corrosion 

Fig. 9. Results of OCP tests from different aging cycles (3.5% NaCl and partial immersion): (a) tests with wetting/drying cycles; and (b) tests 
without wetting/drying cycles. 
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uncertainty zone (− 276 mV < OCP < − 126 mV). During the wetting semi-cycle, it was observed an increment of potential values until 
stabilization in the low corrosion probability zone (OCP > − 126 mV) for all mixtures. This is explained by the difference of resistivity 
in both dry and wet conditions during the first 3 days. It means the system goes from a transient regime to a stationary regime. This 
justifies the presence of peaks between readings after oven-drying and after immersion in saline solution during manual measurements 
by the voltmeter (Figs. 8, 9, and 10). 

This behavior is related to the ohmic drop that occurs due to higher resistivity of concrete during drying semi-cycles [5]. In this 
condition, ions move with greater difficulty due to a low moisture content and high resistivity. In a wet condition, ions mobility is more 
effective (lower concrete resistivity) due to the presence of electrolyte. Thus, the results of potential obtained from wet specimens are 
closer to what is really happening in steel bars during electrochemical changes in corrosion processes [8,39]. 

Both systems were efficient in obtaining potential measurements. Nevertheless, it is important to emphasize that the automated 
system by Arduino can collect more potential data during the test, allowing full monitoring of specimens when continually exposed to 
an aggressive solution. However, Arduino system is more suited for tests without accelerated aging cycles or for OCP analysis during 
wet curing. 

3.6. Mixture compositions analysis – SBAS and WTPS 

The main purpose of this study was to evaluate the influence of different parameters in the OCP method. However, it was also 
possible to verify throughout the tests that the technique applies to different steel reinforced composites, including those containing 

Fig. 10. OCP tests with partial (a) and total (b) immersion (in 3.5% NaCl with wetting/drying cycles).  

Fig. 11. Cleaned steel bars after OCP test (a) with cycles (b) without cycles.  
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waste materials. Overall, regardless the composition the results were very consistent, and the potential values followed a same pattern. 
The only difference was a period of time to achieve the zone of high corrosion probability (i.e., beginning of corrosion activity) due to 
the different experimental procedures (as discussed above). Thus, it was possible to observe that the incorporation of WTPS and SBAS, 
in replacement of natural sand, resulted in higher protection for reinforcement corrosion. The delayed corrosion probability, compared 
to conventional mortar specimens, may be attributed to an increased alkalinity of concrete by SBAS and WTPS [14,15]. The hydroxyl 
ions have higher mobility than other ions, such as chloride ions. The higher alkaline reserve of pore solution, the lower mobility of 
chloride ions, which promotes re-passivation effect of steel reinforcement. Moreover, the incorporation of fine particles of WTPS and 
SBAS, in replacement of fine aggregates, contributed to refinement of pores, reducing the ingress of external aggressive agents, such as 
chlorides [6]. In general, 30% SBAS leads to higher corrosion retardation than 3% WTPS. Thus, higher content of SBAS seems to be 
more effective for corrosion protection in providing a higher alkaline medium and better packing effect. 

4. Conclusion 

From the experimental results obtained from the Open Circuit Potential (OCP) technique, the following conclusions can be drawn:  

• The type of reference electrode does not affect the OCP results. Different solutions inside each analyzed electrode (KCl and KOH) 
are not able to contaminate cementitious composites (attacked by chloride solutions), and vice versa;  

• The adoption of wetting/drying cycles accelerates the corrosion process and, consequently, influences the OCP performance. The 
aging cycles facilitate diffusion of oxygen inside the cementitious composite and intensify the mechanisms of chloride trans-
portation into specimen;  

• The level of immersion strongly influences the corrosion process. Partial immersion of specimens in saline solution promotes an 
easier ingress of oxygen and higher capillary suction owing to evaporation of water; 

Fig. 12. Potentials measured by Arduino during the wetting semi-cycle in (a) REF, (b) 3WTPS, and (c) 30SBAS.  
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• The wetting/drying cycles have greater influence on increasing corrosion probability rather than a single partial immersion of 
specimens in chloride solution;  

• The combined exposure methods (i.e., samples subjected to wetting/drying cycles and partially immersed) lead to more rapid 
conclusion of OCP test. The measurement times could be shortened by almost 10 weeks. It is due to the easier access to oxygen and 
higher concentration of free chlorides from the saline solution accumulated in the porous system;  

• The automated data collection system by Arduino is more suitable for tests without changes in exposure conditions (e.g., wetting/ 
drying cycles) due to the system assembly process;  

• Incorporation of sugarcane bagasse ash sand (SBAS) and water treatment plant sludge (WTPS) results in higher protection for steel 
reinforcement corrosion. 30% of SBAS leads to higher corrosion retardation than 3% of WTPS. This is due to increment of alkalinity 
and refinement of pores given by the selected industrial wastes. 

Therefore, this study provides information about the best experimental conditions for faster and reliable results in the Open Circuit 
Potential technique. This is of greater importance when considering laboratory analysis of steel corrosion susceptibility in different 
eco-efficient cementitious materials containing industrial wastes. 
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