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Abstract The role of several factors such as concrete

composition, exposure condition and pre-corrosion of steel

reinforcement in concrete on the effectiveness of the elec-

trochemical realkalisation (ER) technique was discussed in

Part I of this article (Bertolini and Redaelli in J Appl

Electrochem, doi:10.1007/s10800-011-0301-4, 2011). Here

the same factors will be considered in the case of cathodic

protection (CP). CP differs from ER since it is a permanent

technique with much lower applied current density. It was

originally introduced to protect steel from corrosion in

chloride-contaminated concrete; however, it can be advan-

tageous even in carbonated concrete, in particular compared

to conventional repair. CP tests were carried out on rein-

forced specimens made with six different types of concrete,

subjected to accelerated carbonation. CP was applied with a

current density of 10 mA m-2 of steel preceded by a start-

up current density of 100 mA m-2 for 3 weeks. Reference

specimens in the same conditions were also considered.

Keywords Corrosion � Concrete � Carbonation � Cathodic

protection � Realkalisation � Repair

1 Introduction

As it was introduced in Part I of this article [1], corrosion

of reinforcement due to concrete carbonation is one of the

most common causes of damage of concrete structures

operating in atmospherically exposed environments and it

can be stopped, among others, with electrochemical tech-

niques. Compared to conventional repair, which is based

on the replacement of carbonated concrete, electrochemical

techniques allow to preserve sound concrete, although it is

carbonated [2].

After a pioneer work in the 1950s, cathodic protection

(CP) in concrete was introduced in the 1970s to stop

chloride-induced corrosion and it was mainly used on

bridges and garages contaminated by de-icing salts or

structures and buildings exposed to marine environments

[2–4]. Traditionally, CP is applied with impressed current

and a distributed inert anode, although other anodic con-

figurations are possible and the use of sacrificial anodes is

increasing [5–8]. In particular, localised and sacrificial

anodes can reduce the invasiveness of the technique and

the alteration of the surface, although their durability is

usually lower compared to inert systems due to anode

consumption and also the distribution of current has to be

verified in advance.

CP in carbonated concrete was introduced in the 1990s

by Pedeferri [9], who explained that it acts with a mech-

anism of ‘‘continuous realkalisation’’ which induces steel

repassivation. The applied currents involved in CP are

around 5–10 mA m-2 with respect to steel surface. It was

also shown that with a high initial current density of

70 mA m-2, repassivation could be reached faster and then

maintained in time with a lower current density [10–14].

Carbonated concrete is a less aggressive environment

towards steel compared to chloride-bearing concrete;

however, carbonation is a widespread phenomenon and all

concrete structures and buildings (unless those permanently

immersed in water) are facing it to a certain extent. Today

CP is considered as one of the possible effective options

for the repair of structures, buildings and facades suffering

carbonation-induced corrosion.
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Since CP relies on the application of a continuous cur-

rent, the protection from corrosion needs to be properly

monitored in time to check the correct functioning of the

system. As a matter of facts, the need of a continuous

monitoring characterises CP and differentiates it from

temporary techniques such as electrochemical realkalisa-

tion. Although several methods have been proposed in the

literature [15–18], monitoring of reinforcement under CP is

usually based on measurement of absolute potential or

potential decay [19], the latter being more reliable since the

absolute potential depends on many factors in concrete.

Steel potential has to be measured with on–off techniques

to avoid ohmic contribution. It is usually assumed that steel

under CP can be considered protected from corrosion if the

potential decay measured after interruption of the current is

higher than 100 mV in a period of 4 or 24 h. This is the so-

called 100-mV criterion, which is a semi-empirical crite-

rion, but has proved to be reliable in most circumstances, at

least for atmospherically exposed structures. It relies on the

increase of steel potential following the interruption of

current that is expected after steel repassivation, which is

not merely connected with the potential decrease due to the

applied current, but also with the chemical changes

induced by the current at the steel surface, typically the

local increase of concrete alkalinity and the migration of

chlorides (if present) towards the anode [20–23].

While many publications investigated the effectiveness

of CP in chloride-contaminated concrete structures, much

less investigation has been devoted to CP in carbonated

concrete. This article tries to clarify the mechanisms

involved in CP in carbonated concrete presenting the

results of an experimental research on the effects of the

composition of concrete (in terms of cement type, water/

cement ratio and chloride content), the exposure conditions

and the presence of corrosion products at the steel–concrete

interface before the application of the technique (i.e. pre-

corrosion of the steel bar inside the concrete) on the

effectiveness of CP. Part I of this article dealt with the

electrochemical realkalisation technique [1]; this article

presents results obtained with CP. Following results

obtained from previous tests in carbonated concrete [13],

CP was applied with an initial current density of

100 mA m-2 for 3 weeks and then reduced to 10 mA m-2.

2 Experimental

The experimental set-up is the same as described in Part I,

regarding the basic geometry of the specimens, the con-

crete mixes composition, the accelerated carbonation pro-

cess, the exposure conditions and pre-corrosion of steel

reinforcement before the application of the current [1].

The compositions of the six concrete mixes considered are

briefly reported here for clarity (for details see Table 1 in

Part I). Four concrete mixes (A, B, C and D) were made

with limestone portland cement (CEM II/A-LL 42.5R) with

water/cement ratios of 0.55 and 0.70 and with or without

the addition of chloride (0.4% by mass of cement). The

other two concrete mixes (E and F) were made with ground

granulated blastfurnace slag cement (CEM III/B), with

w/c ratios of 0.55 and 0.70.

All the specimens were wet cured for a week and then

subjected to accelerated carbonation. Carbonation was

checked with phenolphthalein tests on sacrificial speci-

mens, non-destructive measurements of internal MMO

electrodes and direct phenolphthalein test on thin slices cut

from each specimen. After complete carbonation, the

specimens were aged for about 1 year before the beginning

of CP tests. During the ageing period, some specimens

were exposed to a wet environment to promote steel cor-

rosion (pre-corroded specimens, only made with concrete

mixes C, D and F, that having a higher w/c ratio, were fully

carbonated in a relatively short time), while the others were

kept in the laboratory environment.

Before the beginning of CP tests, a permanent anodic

system was applied on the surface of the specimens, con-

sisting of an activated titanium mesh embedded in a layer

of mortar with a thickness of approximately 20 mm. The

mortar was prepared with 300 kg m-3 of CEM II/A-LL

42.5R, 195 kg m-3 of water (w/c = 0.65), 1938 kg m-3 of

limestone aggregates with maximum size of 4 mm and

addition of a commercial acrylic superplasticiser to obtain

a S5 consistence class (according to EN 206-1 standard).

The final geometry of the specimens is shown in Fig. 1.

After the application of the anodic system, the specimens

were wet cured for a week at 95% RH and 20 �C.

The tests were carried out in two different environments:

the ‘‘wet’’ environment at 98% RH and the ‘‘dry’’ envi-

ronment at 85% RH. Cathodic protection was applied with

a current density of 10 mA m-2 preceded by an initial

start-up current density of 100 mA m-2 for 3 weeks

Fig. 1 Geometry of the specimens (mm)
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(all current densities are referred to steel surface). All the

specimens subjected to CP were monitored by means of

current and potential measurements. 4-h depolarisation

tests were periodically carried out during which the instant-

off value of potential (Eoff,0) and the potential after 4 h

(Eoff,4h) were measured. The potential measurements were

carried out versus the internal MMO electrode that was

calibrated versus an external SCE electrode during the

interruption of the applied current. The external SCE

electrode was placed on the lateral surface of the specimen,

in the vicinity of the internal electrode. The realkalisation

thickness around the rebars was evaluated at the end of the

start-up period: a layer of the specimen (with a thickness of

approximately 30 mm) was cut and the phenolphthalein

test was performed.

Also reference specimens were considered, i.e. no current

density was applied and they were exposed to the same

environments as the others (the anodic system was applied

also on the reference specimens to guarantee moisture con-

ditions similar to the other specimens). The reference spec-

imens were exposed to the wet and dry environment

immediately after accelerated carbonation. These specimens

were used to monitor the free corrosion conditions of the

reinforcement by means of potential and linear polarisation

resistance measurements of the steel bar, that were carried

out as described in [1], except that in this case the MMO

mesh inside the mortar was used as counter electrode.

3 Results and discussion

The corrosion conditions of steel in the reference speci-

mens will be considered first. Then the effects of CP will

be analysed.

3.1 Corrosion conditions in carbonated concrete

The free corrosion tests in reference carbonated specimens

were carried out to characterise the propagation of corro-

sion in the different materials and exposure conditions.

Figure 2 compares the average values of the corrosion rate

for the different materials and environments, calculated

from the values obtained in the last year of tests, i.e. after

stable moisture conditions of concrete and corrosion rate of

steel were obtained. In all specimens, as expected, a lower

corrosion rate was observed in the dry environment with

respect to the wet environment: for instance for concrete A,

made with CEM II/A-LL and w/c of 0.55, the corrosion

rate decreased from 5.7 to 1.3 mA m-2 passing from the

wet to the dry environment. Comparing different materials

in the same environment, it can be seen that in the wet

environment high corrosion rates were measured in speci-

mens B and D, made with CEM II/A-LL and containing

0.4% chlorides by mass of cement, and in specimens E and

F, made with CEM III/B: all these values ranged between

7.8 and 8.7 mA m-2. Concrete mixes E and F were not

added with chlorides; however, analyses showed a chloride

content around 0.03% with respect to concrete mass

(i.e. about 0.2% by mass of cement). In specimens A and

C the corrosion rate was 5.7–5.8 mA m-2 in the wet

environment. In the dry environment, only in specimen

A the corrosion rate of steel was lower than 2 mA m-2,

while in specimens B, C and F it was around 2.5 mA m-2

and in specimens D and E it was relatively high, 4.8 and

3.8 mA m-2, respectively.

The water/cement ratio did not show any systematic

effect on the propagation of corrosion in carbonated con-

crete. The corrosion rate passed from 1.3 to 2.6 mA m-2 in

chloride-free concrete and from 2.5 to 4.8 mA m-2 in

concrete with 0.4% chlorides, in dry environment, after

increasing the w/c from a value of 0.55 to a value of 0.70.

However, in wet environment, the corrosion rate either

remained the same or decreased when w/c was increased.

In specimens made with CEM III/B, the corrosion rate

increased in the wet environment and decreased in the dry

environment after increasing w/c.

Figure 3 shows the relationship between corrosion

potential and corrosion rate, by plotting each single mea-

sure. In spite of the great variability of these data, an

approximately linear correlation emerges, regardless of the

environment or concrete composition. It can be observed

that measurements carried out in wet conditions gave low

values of steel potential and high values of corrosion rate,

while the opposite applies in the dry environment. This

graph confirms the well known correlation between steel

potential and corrosion rate due to their dependence on

concrete humidity [24].

It should be noted that the free corrosion rates measured

on reference specimens (Fig. 2) are lower than those

0

2

4

6

8

10

12

A B C D E F

C
or

ro
si

on
 r

at
e 

(m
A

 m
-2

) wet

dry

CEM III/B CEM II/A-LL 

Fig. 2 Average corrosion rate of steel in carbonated concrete in wet

and dry environment, for different concrete mixes
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measured in the same concrete mixes on the specimens

used for ER tests (compare with Fig. 8 in Part I), but the

correlation between potential and corrosion rate is the same

(Fig. 9 in Part I). The observed difference can therefore be

attributed to different moisture conditions, probably due to

a barrier effect of the outer layer of mortar embedding the

anode mesh.

Corrosion rate values reported in Fig. 3 also show that

the propagation of steel corrosion in carbonated concrete

may lead to concrete damage in a relatively short time,

even in dry conditions. Corrosion rates ranging from few

mA m-2 to several tens of mA m-2 were measured in the

wet environment, while in the dry environment they ranged

from values lower than 1 mA m-2 to values around

10 mA m-2. Values of corrosion rate around 10 mA m-2

will lead to propagation times as low as 10–20 years or

even less [2].

3.2 Effects of cathodic protection

The effects of cathodic protection were evaluated on the

specimens subjected to the application of a current density

of 10 mA m-2 with a start-up period of 3 weeks at

100 mA m-2. At the end of the start-up period, when the

circulated charge was around 50 A h m-2, the realkalisa-

tion of concrete was checked with phenolphthalein test.

An example is shown in Fig. 4. A thin layer of alkaline

concrete was detected around the steel, while the rest of the

specimen was carbonated. Figure 5 reports the average

value of the realkalised thickness of concrete that was

relatively small, around 0.5–2.5 mm, for all the specimens.

In this case, unlike in the case of ER treatment [1], there

seems to be no correlation between concrete composition

and thickness of realkalised concrete. Nevertheless these

values, being very small, are characterised by a high

uncertainty. It should be noted that a low thickness of

realkalised concrete may simply indicate that the amount of

alkalinity produced by the current is more localised around

the steel, and does not necessarily indicate a lower effec-

tiveness of CP.

Afterwards, during the application of 10 mA m-2,

concrete realkalisation was monitored indirectly by mea-

suring the potential values of the MMO internal electrode

embedded in each specimen close to the rebar, during

depolarisation tests. As discussed in Part I, the potential of

MMO electrodes depends, among other factors, on the pH

of the concrete pore solution with which they are in contact

[25]. This has been used, for instance, to detect the

-800

-700

-600

-500

-400

-300

-200

-100

0

0.1 1 10 100

Corrosion rate (mA m-2)

P
ot

en
ti

al
 (

m
V

/S
C

E
)

A B C D E F

Fig. 3 Values of corrosion potential and corrosion rate of steel bars

in the wet (black symbols) and dry (grey symbols) environments, for

different concrete mixes after carbonation

Fig. 4 Phenolphthalein test after the start-up at 100 mA m-2 for

3 weeks on the pre-corroded specimen made with concrete C (CEM

II/A-LL and w/c 0.7) in the dry environment. The external dark ring is

the alkaline mortar of the anodic system, while the dark area around

steel bar is realkalised concrete
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realkalisation of initially carbonated concrete due to

cathodic protection [13] that brings about a decrease in the

potential of MMO electrode of 200–300 mV. Figure 6

shows that in the reference specimens, where concrete was

completely carbonated, the potential of MMO electrodes

had an average value around 200 mV/SCE in the wet

environment (single values ranged from 0 to 400 mV/SCE)

and slightly higher, around 250 mV/SCE in the dry envi-

ronment (single values from 0 to 450 mV/SCE). The

potential distribution of MMO electrodes in the specimens

subjected to cathodic protection clearly shows a shift

towards more negative values, both in wet and dry envi-

ronment, although the distribution partially overlaps with

that of reference specimens. The average values of the

distribution are 160 mV/SCE in wet environment and

240 mV/SCE in dry environment, and the minimum values

are around -200 mV/SCE (typical of alkaline concrete)

in both environments. This indicates that the concrete in

contact with the MMO reference electrode (that was placed

at few millimetres away from the steel surface) had

undergone realkalisation due to the applied cathodic cur-

rent that produced alkalinity and made it spread around

the steel bar. Unlike in the case of ER, the thickness of

realkalised concrete was approximately the same as the

distance of the MMO electrode from the steel surface, and

moreover, also initial data were considered in the statistical

analysis (the concrete was initially carbonated). This

explains the partial overlapping of the distribution curves.

Regarding the electrochemical conditions of steel, the

effectiveness of CP was assessed by means of the 100-mV

decay criterion: it was assumed that a rebar could be

considered protected (i.e. repassivated) when its 4-h decay

was higher than 100 mV. Figure 7 shows, as an example,

the result obtained from 4-h depolarisation tests on speci-

mens made with concrete A (CEM II/A-LL and w/c of

0.55) and concrete B (the same with addition of chlorides),

both exposed to the wet environment: trends of instant-off

values of potential (Eoff,0), potential after 4 h from

switching off the current (Eoff,4h) and 4-h depolarisation

(i.e. Eoff,4h–Eoff,0) are shown. In concrete A (Fig. 7a), at the

end of the start-up period the 4-h decay was around

165 mV, indicating that steel protection was fully achieved

during start-up, and then slightly increased in time, indi-

cating a strengthening of protection conditions as a con-

sequence of the continuous cathodic current applied. After

about a year of tests the 4-h decay was 250 mV and Eoff,4h

was around -300 mV/MMO and that for this specimen

corresponds to a value of about -360 mV/SCE. In con-

crete B (Fig. 7b) the steel showed 4-h decay values as low

as 30 mV after the start-up period, and then a progressive

increase, however, even after a year the threshold of

100 mV was not reached. Eoff,4h was around -800 mV/

MMO, which corresponds to a value of about -600 mV/

SCE, considering that the potential of MMO internal

electrode was 160 mV/SCE for this specimen. Comparison

of Fig. 7a and b suggests that in the presence of chlorides,

even in small amount, the protection conditions are more

difficult to achieve.

Figure 8 compares the trends of 4-h decay for all the

specimens. Also pre-corroded specimens, which had been

exposed to a wet environment to promote reinforcement

corrosion before the application of CP, are shown in Fig. 8

and are indicated with a star on the corresponding concrete

(for example, C* is the specimen made with concrete

C that has undergone pre-corrosion of steel bar). Consid-

erable differences emerged between different materials and

exposure conditions, as well as between pre-corroded and

non pre-corroded specimens. In the wet condition (Fig. 8a)

only in specimen A, the steel bar showed clear conditions

of protection, as it was commented for Fig. 7a. In the other

specimens, the steel showed much lower values of 4-h

decay, as well as much longer times necessary to reach the

threshold value of 100 mV. In particular, the pre-corroded

specimens (C* , D* and F*) showed 4-h decay values of
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only few tens of mV, even after a year. In the dry envi-

ronment (Fig. 8b) higher values of 4-h decay were mea-

sured compared to the wet environment. Again, steel in

chloride-free concrete showed the highest values of decay,

always higher than 100 mV, although in this case a con-

siderable difference arose between low w/c ratio (concrete

A) and high w/c ratio (concrete C), compared to free cor-

rosion conditions where the behaviour of specimens A and

C was almost the same.

All the results are summarised in Fig. 9, where for each

specimen the values of 4-h decay immediately after the

start-up period (35 days) and at the end of tests (1 year) are

reported. In all cases, the increase of the 4-h decay in time

indicates the progressive benefits achieved by the contin-

uous application of the current. In the wet environment

(Fig. 9a), where the corrosion rate of steel in carbonated

concrete is high, full protection after the start-up period

was achieved only on concrete A, which was chloride-free

and with low w/c ratio. In chloride-bearing concrete (for

instance, specimens B and E) the protection was achieved

with more difficulties, i.e. lower values of 4-h decay both

after start-up and after a year compared to specimen A. The

very low values of 4-h decay measured after a year in the

pre-corroded specimens (C*, D* and F*) indicated that if

the rebars had undergone considerable corrosion before the

application of cathodic protection, the protection was

strongly hindered in spite of the start-up period at

100 mA m-2. In the dry environment (Fig. 9b) conditions

of protection or close to protection were reached in most of

the specimens at the end of the start-up period (A, B, C,

D and E); in concrete F the threshold of 100 mV was

reached after about 100 days from the beginning of tests

(Fig. 8b). In concrete D*, where the rebar was pre-cor-

roded and chlorides were added to the concrete, the 4-h

decay was negligible at the end of the start-up period, then

it increased but remained lower than 100 mV during the

year of tests while in concrete F* the protection could be

achieved at the end of the tests. A comparison between

Figs. 5 and 9 shows that the phenolphthalein test only gives

an indication on the alkalinity of concrete, and cannot be

directly correlated to the corrosion conditions of steel, in

particular in the presence of chlorides. The two pre-cor-

roded specimens in dry environment showed values of 4-h

decay always higher than in the wet environment, in spite

of the presence of chlorides: this suggests that if, together

with the application of cathodic protection, also conditions

of low water content in the concrete are achieved, this will

mitigate the effects of the presence of corrosion products
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on the reinforcement surface. However, the dissipation of

energy due to ohmic contributions in the concrete, and

therefore the feeding voltage, will be higher. Typical values

of feeding voltage during the application of 10 mA m-2

were 1 V in the wet environment and 2 V in the dry envi-

ronment (the rest potential difference between anode and

cathode in the reference specimens was around 0.5 V); in

real cases, if the relative humidity is lower than 85%, a fur-

ther increase of feeding voltage would be expected.

In practical applications of CP with impressed current, a

lack of protection indicated by a potential decay lower than

100 mV is usually overcome by a proper increase of the

applied current; however, attention should be paid to avoid

overprotection of the steel, as well as to avoid unnecessary

high values of applied current. To this regard, the steel

potential values reached under the different cathodic cur-

rents were analysed. It was assumed that potential values

could be described with a normal distribution, and the

average and standard deviation were calculated from

experimental results (since no substantial effect of concrete

composition was observed, all the specimens were con-

sidered together in the analysis). The results of this analysis

are reported in Fig. 10, plotting the potential distributions

on a Pourbaix diagram, and assuming that when the applied

current was 10 mA m-2 the pH of concrete in contact with

steel was 13 (this is consistent with results in Fig. 5), while

when the applied current was 100 mA m-2 the pH was that

of carbonated concrete, i.e. around 8 [9]. For comparison,

also potential values measured in the reference specimens

are reported on the diagram, as well as potential values

measured on specimens subjected to ER treatment, after the

application of the treatment itself [1]. Finally, the shad-

owed area indicates conditions below the equilibrium

potential for the cathodic reaction of hydrogen evolution. It

can be seen that in carbonated concrete the steel potential

threshold under which hydrogen develops is around

-700 mV/SCE. In free corrosion conditions, steel potential

is always above this threshold, both in the wet and in the

dry environment. During the start-up, when the applied

current is 100 mA m-2, as well as during the ER treatment

with an applied current of 1 A m-2, potential distribution

lies below, indicating that not only reduction of oxygen,

but also evolution of hydrogen may take place. In alkaline

concrete the threshold for hydrogen evolution is lower, i.e.

about -1 V/SCE. Assuming that the pH of realkalised

concrete, similarly to that of original alkaline concrete, is

around 13, it can be observed that an applied current of

10 mA m-2 leads to potential values of the steel always
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Fig. 9 Four-hour decay with an

applied current of 10 mA m-2,

measured after 35 days from

beginning of tests (i.e. after

start-up period) and after 1 year
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Fig. 10 Normal distribution of

steel potential in the reference

specimens, during the

application of 10 and

100 mA m-2, and after ER
treatment [1], in wet (a) and dry
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higher than this threshold [26]. Of course, also the potential

of steel at the end of the ER treatment is far above the

values that may promote hydrogen evolution.

The results of the previous analysis show that when CP is

applied in the presence of steel reinforcement that may suffer

hydrogen embrittlement, care has to be taken to avoid con-

ditions of overprotection due to a local increase of the

cathodic current applied. A current density of 10 mA m-2

can be safely applied without risk of hydrogen evolution,

while a current density of 100 mA m-2 should be avoided,

as well as higher current densities as those applied during ER

treatment (around 1 A m-2). A properly designed cathodic

protection system could then be considered also in the

presence of prestressing steel, while ER treatment is not a

feasible solution. Care should be taken in the selection of the

start-up current, in order to prevent overprotection condi-

tions. The start-up current could even be avoided and a

current density of the order of 10 mA m-2 could be applied

from the beginning. Although this could delay the time when

realkalisation of concrete and repassivation of steel take

place, the results show that if this current is applied in the

early stage of the corrosion of steel (i.e. when the corrosion

of steel has not led to significant amount of corrosion

products yet) and in chloride-free concrete, protection of

steel may be achieved in relatively short times (i.e. few

months [13]). Furthermore, the mechanism of continuous

realkalisation provided by CP, although localised in a small

layer of concrete around the steel bar, is beneficial, since it

lowers the potential threshold under which hydrogen evo-

lution can take place, and so, on the long term, it mitigates

the risk of hydrogen evolution even if low values of potential

were reached during the application of the current.

4 Conclusions

In free corrosion conditions, the corrosion rate of steel

was mainly determined by the exposure conditions and

the presence of chlorides, even in small amount, while the

water/cement ratio did not play any significant role. In the

presence of chlorides the corrosion rate of steel was not

negligible (average values around 5 mA m-2) even in the

dry environment, while in the wet environment it was high

for all the concrete mixes considered (average values

always higher than 5 mA m-2).

CP tests confirmed the role of local realkalisation of

concrete in contact with the steel. Phenolphthalein tests

that were carried out on all the specimens at the end of the

start-up period showed a layer of few millimetres of

alkaline concrete around the rebar. However, the evalua-

tion of the corrosion conditions of steel, carried out with

depolarisation tests, indicated that immediately after

the start-up period, when the current was reduced to

10 mA m-2, the 4-h decay was above the threshold of

100 mV only on specimens without chlorides (A in the wet

environment and A and C in the dry environment).

Afterwards, during the continuous application of

10 mA m-2, the 4-h decay progressively increased for all

specimens, however, for pre-corroded specimens it was

always lower compared to other specimens, in particular in

the wet environment where it did not exceed few tens of

millivolts even after a year, showing lack of protection.

The results obtained on pre-corroded specimens show that,

although CP is a repair technique, and as such is usually

applied after corrosion initiation, its effectiveness is influ-

enced by the presence of corrosion products on the steel

surface, and therefore, the sooner it is applied, the more

effective it will be.

Increasing the applied current, in order to reach more

stable conditions of protection or reducing the time nec-

essary to protect the steel, should be carefully considered if

hydrogen evolution has to be avoided. To this regard, the

analysis of potential values indicated that if concrete in

contact with the reinforcement has undergone realkalisa-

tion, a current density of 10 mA m-2 can be safely applied.

This current does not allow hydrogen evolution and is

effective in protecting steel even in the wet environment,

provided concrete is chloride-free and steel bar is not

heavily pre-corroded. Unlike the temporary technique of

ER, CP can be designed to avoid the risk of hydrogen

evolution and to obtain a long-term protection to steel in

carbonated concrete.
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