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Abstract
Cathodic protection (CP) is an electrochemical repair or corrosion prevention

technique for steel structures exposed to a corrosive environment. For reinforced
Correspondence

Christian Helm, Institute of Building
Materials Research, RWTH Aachen
University, Schinkelstrafie 3, 52062
Aachen, Germany.

Email: Helm@ibac.rwth-aachen.de

concrete (RC) usually impressed current CP is used, due to the comparably high
resistivity of the concrete, serving as electrolyte. Nevertheless, the market provides
a wide range of galvanic anode systems for RC structures. Their most common
use is the application within the framework of partial concrete replacement due to

chloride-induced corrosion. This patch repair is often accompanied by the
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so-called anode ring effect, causing accelerated corrosion of the rebar in the
substrate concrete in the vicinity of repair patches. This is caused by the cathodic
capabilities of the repassivated rebar. Galvanic anodes are reported to prevent this
effect. In this paper, a numerical model is proposed, which is capable of de-
termining the effectiveness of the method dependent on, for example, the type and
quantity of anodes, rebar content, and geometry or climatic conditions. The
method is presented for a specific set of input parameters and the applicability is
discussed against the background of different protection criteria.
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1 | INTRODUCTION

concrete replacement to prevent the so-called anode ring
effect. The cost-effectiveness of the method results from

The use of galvanic anodes is the initial form of cathodic
protection (CP). It is still used in a wide range of appli-
cations, such as CP of pipelines, ships or offshore steel
structures. For CP of reinforced concrete (RC) structures,
impressed cathodic protection (ICCP) has prevailed.
Nevertheless, galvanic anodes can provide simple and
cost-effective corrosion protection for several RC appli-
cations, see References!" 7! for example. A common field
of application is the use within the framework of partial

the simple installation and the absence of controlling
devices. However, this absence prevents any verification
of the effectiveness and durability of the measure. Hence,
the use of this method is limited due to uncertainty and
liability issues. Therefore, a joint research project of the
Institute for Building Materials Research, RWTH-Aachen
University, Germany, (ibac) and the Federal Institute for
Materials Research and Testing, Berlin, Germany (BAM),
has been set up to determine the performance of these
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systems and their temporal development. In this project,
the polarization behavior of galvanic anodes from
numerous manufacturers is determined as a function of
time. To transfer the results to practical conditions, nu-
merical methods are applied. The numerical approach
developed in the scope of this project is presented below.

2 | THEORETICAL BACKGROUND

2.1 | Corrosion of steel in concrete

Steel in concrete is protected against corrosion due to the
highly alkaline pore solution that leads to the formation of a
dense passive layer on the steel surface. This layer prevents
the anodic dissolution of iron. To initiate corrosion, a
breakdown of this passive layer is necessary. This can either
be caused by the loss of alkalinity because of carbonation or
by the ingress of chlorides. In this study, only chloride-
induced corrosion is discussed as a possible field of applica-
tion. The chlorides usually penetrate the concrete cover from
the surface (e.g., de-icing salts, seawater in the marine en-
vironment). It is characterized by a pitting kind of corrosion,
where anodic and cathodic areas are spatially separated. This
can cause a rapid loss of cross-section and high corrosion
rates because of a high cathode-to-anode area ratio. The
driving force of the corrosion process is the potential differ-
ence between the anode and cathode, in this case, formed by
the actively corroding rebar and the rebar that still remains
passive. Between these areas, a so-called macrocell is formed.

2.2 | CP of steel in concrete

CP is an electrochemical repair method for RC structures
affected by chloride-induced corrosion. It is based on a
cathodic polarization of the corroding rebar to potentials
below the corrosion potential of the macrocell. This di-
rectly impedes the anodic dissolution of iron. Further-
more, the potential differences between anodic and
cathodic areas are leveled, which reduces the level of
macrocell activity. Early CP applications on RC struc-
tures were realized by use of galvanic anode systems, for
example, discrete, sprayed, or adhesive zinc anodes.!"*!
Nowadays, mainly ICCP is used, where the protection
current is provided to the structure via mixed metal oxide
-coated titanium anodes by use of a rectifier. Al-
though the driving voltage in these cases is adjustable, it
is predetermined by the potential difference between
anode material and corrosion potential of the rebar in the
case of galvanic CP. This results in maximum driving
voltages of a few 100 mV for commonly used zinc-based

anodes. Therefore, these anodes cannot be expected to
fulfill the common protection criteria for CP!°! for a wide
range of applications due to the relatively high resistivity
of the concrete. Except for some successful installations
in tidal zones of marine structures, the main application
of these anodes is in the framework of partial concrete
replacement to prevent the so-called anode ring effect.

2.3 | The anode ring effect

Chloride-induced corrosion of reinforced concrete usually
causes spatially separated anodic and cathodic areas. For slab
-like structures, such as parking decks, these spots can be
located next to each other on the top side, from where the
chloride ingress also originates. Here, the cathodic areas may
also exceed the critical chloride threshold level, but due to
cathodic protection by the stronger macrocell anode nearby,
active corrosion is prevented. As soon as this anode is re-
furbished by replacement of the contaminated concrete with
repair mortar, the protective cathodic polarization is replaced
by an anodic polarization caused by the repassivated rebar in
the repair mortar. Corrosion initiation accelerated corrosion
and subsequent cracking and spalling around the repair
patch may result, (see References!**'”! for example).

The simple installation of galvanic anodes and the
complete absence of any active control system are the
major benefits of this method. Thus, the effectiveness of a
repair measure can only be assessed phenomen-
ologically. In this study, numerical methods are applied,
to allow for general considerations.

2.4 | Numerical modeling of RC
corrosion and CP

Any arrangement of electrically connected anodes and
cathodes inside an electrolyte will result in the formation of
certain potentials on the electrode surfaces. This causes the
formation of a spatially variable electrical field inside the
electrolyte. The resulting current densities of the anodic and
cathodic reactions can then be assessed by use of the fol-
lowing boundary conditions!*:

The potential distribution inside the concrete can be
described by Laplace's Equation (1), assuming that the
electrolyte is homogeneous:

V2E = 0. @
The current flow in any direction results in:

Lj=0c-VE. ()
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The total current density for any part of the electrode
surfaces can be calculated via Ohm's law:

I = g.a—E, (3)
on

where E is the potential, V? is the Laplace operator, L
is the current flow in direction xj, and I is the total
current density, with

o= ©))

where p is the resistivity.
The vector normal to the potential gradient has to be
zero at all isolating surfaces:

9E _, (5)
on

Due to electroneutrality the sum of all currents inside
the system has to be zero as well:

fidA:fiadA+fich:0. (6)

F R E

The current density is a function of the electrode
potential and can be described by a polarization curve for
each electrode:

Iy = fa (Ea)s (7)
ic = fc (Ec)a (8)

where i, is the current density of the anodic reaction, i,
is the current density of the cathodic reaction, E, is the
anodic potential, E. is the cathodic potential, f, is the anodic
polarization curve, and f; is the cathodic polarization curve.

The equations above allow an analytical calculation of
Laplace's equation for any given set of linear polarization
curves. In the case of nonlinear polarization behavior,
numerical methods have to be applied.

A common method to assess the respective polariza-
tion properties expressed by Equation (7) and (8) is the
realization of potentiodynamic experiments, see Sec-
tion 3. The implementation in the numerical calculations
is usually achieved by fitting the results with the Butler-
Volmer equation:

io - [exp(z'za"’) - eXP(_ZZ‘n)] (9)
1+ L

239 io (—2.3-7;)’
- - €X - +eX
Uim,ox p ( b, ) Uim,red p be

i=

where i is the current density on the steel surface, i, is
the exchange current density, 7 is the overpotential (E — Ej),
E is the potential, E, is the free corrosion potential, b, is the
anodic Tafel slope, b, is the cathodic Tafel slope, ijim, ox is the
limiting current density of the anodic reaction, and i}y, req iS
the limiting current density of the cathodic reaction.

For modeling CP of RC structures, the CP anode system
has to be added. Although several different methods exist to
represent ICCP anode systems,!'”! galvanic anodes can be
treated using the same methods presented above. The
cathodic polarization of the rebar is then achieved by use of
CP anode materials, which provide more negative free cor-
rosion potentials in the alkaline environment than the active
rebar. The protection current density, in this case, can also
be described as a function of the potential:

iCPa = fcpa (Ecpa), (10)

where i.p, is the current density of the CP anode and
E pa is the CP anode potential.

Hence, numerical modeling of galvanic CP does not re-
quire any systematic changes in the modeling process except
the addition of the CP anode system. As the protection
current is created by active corrosion of the CP anode, the
service life is limited either by complete consumption of the
anode material, the formation of nonconductive oxide layers
in the anode concrete interface or bond loss.

3 | EXPERIMENTAL
3.1 | Determination of input parameters
3.1.1 | Resistivity

For the numerical study presented below, a realistic set of
combinations of the resistivity of substrate concrete and
repair mortar for on-site conditions was needed. Thus, in
the first step, water content to resistivity relations was
determined.

For this purpose, cores with a diameter of 100 mm
were drilled from the concrete as well as from the repair
mortar. The concrete was based on ordinary Portland
cement and designed for exposure class XD3.!'* The re-
pair mortar used in this study was a randomly chosen,
commercially available product, often used for concrete
replacement.

These cores were cut to slices with a thickness of
approximately 15 mm. The concrete surfaces in contact
with the air or the mold were abandoned. The slices were
ponded in tap water at atmospheric conditions until their
mass was considered to be constant. Afterward, the re-
sistance of each slice was determined by means of the
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water content-resistivity relation

FIGURE 1 Water content-resistivity
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two-electrode method, using alternating current at a
frequency of 1,000 Hz. The specimens were weighed di-
rectly after the resistivity measurement. Then, they were
stored in a drying chamber at 70°C until the mass loss
was lower than 0.1 g per week. Then again, water was
added in increasing steps, to cover the range of water
contents from dry to water-saturated. The specimens
were then vacuumed and stored in vapor-proof packing
for more than 6 weeks, to allow the water to distribute
homogeneously. At the end of this period, the specimens
were taken out of the packing and the resistance and
related mass were reassessed. Finally, all specimens were
dried until mass constancy at 105°C. From these data, the
resistivity of each slice at two different moisture condi-
tions was calculated using the real dimensions of each
specimen (see the following equation):

ke = 1y

l
E
where k, is the cell constant of macrocell, [ is the
distance between the parallel electrodes, and A is the
electrode surface.
The resulting values are presented in Figure 1.

resistivity [Qm]

where u is the water content in % per weight, p is the
resistivity, and A-E are the regression parameters.

The related parameters are given in Table 1.

In this study, the fit function is only used as a means
of interpolation within the range of observed values. It
does not claim to provide any theoretical background
allowing for extrapolation.

3.1.2 | Sorption

Although the resistivity for different water contents is
known now, additional information is needed to
determine sets of input parameters. Mortar and concrete
will acquire different water contents, stored at the same
relative humidity (RH). Therefore, additional specimens
were cut from the slices mentioned above in the water-
saturated state and then stored in different desiccators
for several months until equilibrium. Subsequently, the
water contents were determined by drying at 105°C. The
results are presented in Figure 2. Again, fit functions
allowing for interpolation in the observed range of
values were calculated. The fit function is given in
the below equation. The parameters are presented in
Table 2.

u= 4 + E (12)
mB-p+C)—D u=A + Bx RHC, 13)
TABLE 1 Regression parameters for the fit functions of the water content-resistivity relation of concrete and repair mortar
Material A (M.-%) B (1/Qm) c D E (M.-%)
Repair mortar 159.396 47.900 —7,887.798 0.092 —6.339
Concrete 144.848 89.530 —7,256.569 —5.155 —5.438
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TABLE 2 Regression parameters for the fit functions for the
desorption behavior of concrete and repair mortar

Material A (M.-%) B (M.-%) (6}
Repair mortar 2.63614 0.02030 1.3333
Concrete 1.1536 0.00208 1.63896

where u is the water content in % per weight, RH is the
relative humidity, and A-C are the regression parameters.

3.1.3 | Polarization properties

To allow for a realistic calculation of current and po-
tential distribution, the polarization behavior of active
and passive reinforcement, as well as galvanic anode, has

T T T T

20 60 80 100

relative humidity [%]

to be assessed in the form of current density curves.
Figure 3 presents a schematic visualization of the used
test setup and specimen layout. To determine the anode
surface area as well as the mass of the zinc, an autopsy
was conducted on one of the anodes. Figure 4 shows the
galvanic anode used in this study before and after re-
moval of the embedding mortar. The polarization testing
was done by potentiodynamic polarization with a feed
rate of 2 mV/min. The ohmic drop was removed from the
readings by means of instant-off measurements and lin-
ear compensation. The result is given in Figure 5. The
polarization properties of the active and passive rebar
have been determined in previous studies!'®'”! and have
already been used for modeling of CP.'"'*] They re-
present the polarization behavior of the rebar before
permanent cathodic protection. Long term application of
CP may change these properties.!' 'l The related fit
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FIGURE 3 Setup for polarization
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polarization properties
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FIGURE 4 Galvanic anode (left)
and embedded zinc disc after autopsy
(right) [Color figure can be viewed at
wileyonlinelibrary.com]

FIGURE 5 Polarization properties of

galvanic anode and reinforcement. SCE,
saturated calomel electrode
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parameters for Equation (9) are given in Table 3. These
parameters have been chosen to approximate the mea-
sured curves. However, some of the parameters may not
be within the range of their theoretical limits. This can be
caused, for example, by transport limitations, oxide lay-
ers, or downstream reactions.

3.2 | Geometry

For this study, a slab-like geometry with a centric repair
patch has been chosen. The diameter of the patch was set
to 1 m. To use symmetry, only a quarter of the slab was
modeled (see Figure 6). The dimensions of the model
geometry are 1.5 by 1.5 m* with a thickness of 0.2 m and a

concrete cover of 35 mm at the top and bottom sides. Two
layers of reinforcing steel mesh with a diameter of 6 mm
and lateral spacing of 0.15m were chosen as rebar. For
simplification, the rectangular rods were assumed to be
in the same depth layer, reducing the number of ele-
ments at the crossings significantly. The repair patch has
a diameter of 0.5m and a depth of 47 mm. This means
that the rebar within the repair match is enclosed in the
repair mortar completely. The galvanic anodes have a
diameter of 38 mm and a thickness of 8.4 mm, as de-
termined by autopsy (see Figure 4). The center is located
on a circular path with a 50-mm distance to the edge of
the patch. The vertical distance to the rebar is set to
10.8 mm, which is the actual thickness of the anode
embedding mortar.

TABLE 3 Fit parameters for the polarization properties used within this study
b, bc Itim, ox Itim, red
Electrode E, (V) ip (A/m?) (V/dec) (V/dec) (A/m?) (A/m?)
Passive rebar —0.06 0.0000858 0.15 0.1438 1 0.545
Active rebar -0.3 0.002234 0.15 0.202 1 0.273
Galvanic anode —0.936 0.018 0.22 0.18 0.165 1.2
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FIGURE 6 Model geometry (example
for 20 pcs of galvanic anodes)

3.3 | Parametric study

In the numerical study presented below, the number of
galvanic anodes, as well as different concrete and mortar
resistivities, were varied. As the model geometry does not
provide real point symmetry due to the rectangular ar-
rangement of the rebar, the number of anodes was varied
in steps of one additional anode per quadrant, equivalent
to four additional anodes in the whole repair spot. The
anodes were distributed centered and equidistantly on
their circular path, causing the rebar on the symmetry
edges of the model to have the maximum distance to an
anode for each step. Three sets of concrete resistivity
were chosen for the study. The combinations were picked
using the relationships determined in Sections 3.1.1
and 3.1.2. For the dry case, a medium RH of 75% was
chosen as a lower limit for roofed outside storage in
Germany. To determine the impact of more humid cli-
mates, 85% and 95% RH were investigated additionally.
For each humidity, the related water contents of mortar
and concrete were derived from the fit functions given in
Figure 2 and Equation (13) using the parameters given in
Table 2. The resulting resistivities were calculated
analogously, using Equation (12) and Table 3. The
parameters used for the study are given in Table 4.
A divergent resistivity of the embedding mortar of the
galvanic anode was neglected in this study. The lower
reinforcement layer, as well as the rebar enclosed in the

TABLE 4 Input parameters for concrete and mortar resistivity
Relative Water content Resistivity
humidity (%) mortar (M.-%) mortar (Qm)
75 9.06 880
85 10.22 512

95 11.43 345

dimensions in mm

repair mortar, was defined as passive, while the complete
upper reinforcement in the substrate concrete was
defined to be in an active corrosion state, using the
polarization properties discussed above. The calculations
were conducted using the software COMSOL Multi-
physics 5.3a.

4 | RESULTS AND DISCUSSION

To analyze the effectiveness of the different amounts of
galvanic anodes for the investigated climatic conditions, the
current and potential distribution of the upper reinforcing
bar along the symmetry axis, represented by the edge of the
geometry given in Figure 6, was investigated. This is as-
sumed to be on the safe side, as the distance to the galvanic
anode is maximized for each step. Furthermore, the rebar
surface in this section is maximized too. Figure 7 presents
the potential distribution on the ridge of the bar under
investigation for permanent storage at 75% RH. The
boundary of the repair patch and the substrate concrete is at
0.5m, visualized by the vertical line. The top graph
represents the free corrosion occurring in the slab without
the installation of any galvanic anode in the repair patch.
The other graphs show the impact of a rising number of
equidistant galvanic anodes within the patch. The distance
between the anodes is given in the legend. Although four
anodes mean that only one galvanic anode is installed per

Water content Resistivity

concrete (M.-%) concrete (Qm) Ratio
3.62 649 1.36:1
4.18 305 1.68:1
4.78 173 1.99:1
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FIGURE 7
the symmetry axis for different quantities of

Potential distribution along

galvanic anodes; calculated for relative
humidity (RH) of 75%. SCE, saturated
calomel electrode
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quadrant, the number of 36 anodes represents a theoretical
maximum, as the spacing of 83 mm is close to the diameter
of the anode, which is approximately 60 mm including the
embedding mortar. It is evident that in the part further
away from the patch, the potential distribution is in-
dependent of the number of anodes. The corrosion activity
is dominated by the macro element between the top and
bottom rebar. The free corrosion graph shows that the ac-
tive rebar is polarized to more anodic values in the area
between 0.5 and 1 m. This means, that the throwing power
of the new cathode formed by the repassivated rebar is
about 0.3m for this set of input parameters. It is also a
numerical proof of the anode ring effect. Obviously, any
number of galvanic anodes is capable of reducing the
magnitude and the extent of the effect. Amounts of more
than 12 anodes reduce polarization below the value

RH75 %
10

Ecorrinitial, caused by the macro element between the top
and bottom rebar in the unrepaired part (see Figure 7). This
means that the existence of the repair patch is now masked
for the active rebar. This can be regarded as the first level of
corrosion protection for galvanic anodes. Higher amounts
are capable of reducing the polarization below the free
corrosion potential of the rebar, Eq ,ctive rebar (S€€ Figure 7).
In this case, the net corrosion currents are cathodic and the
macro element is suppressed for the bottom rebar too. This
could be defined as the second level of protection. The effect
is locally limited and the distance where it is covered is
rising with the amount of galvanic anodes. It can be also
visualized by evaluating the current distribution on the
rebar surface (see Figure 8). The point of discontinuity in
the graphs represents the boundary of repair mortar and
concrete. As the current distribution is linked to the
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=== 0.246m (12pcs)

— = 0.149m (20pcs)
0.106m (28pcs)
0.083m (36pcs)
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——free corrosion

current density [mA/m?]

concrete
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0.15 0.30 0.45 0.60 0.75

length [m]

0.90 1.05

FIGURE 8 Current density distribution
along the symmetry axis for different
1.20 quantities of galvanic anodes, calculated for

relative humidity (RH) of 75%
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potential distribution by the current density curves pre-
sented in Section 3 (see Figure 5), the effect of increasing
amounts of anodes is also evident, leading to more cathodic
currents, defined as positive. Within this visualization, the
extent of the macro element suppression is defined by the
point of intersection of the respective graph with the zero
axis. For the parameters investigated so far, the range of this
effect seems to be more or less independent of further in-
crease in the amount of anodes, once the macro element is
suppressed. The third level of corrosion protection could be
the compliance with the 100-mV decay criterion,!”’ mean-
ing that the galvanic anodes are capable of similar perfor-
mance as an ICCP system for the given boundary
conditions. Whether this is feasible or not can also be dis-
cussed on the basis of Figure 7. The dotted line labeled
—100 mV is the potential distribution of the free corrosion

calculated for relative humidity (RH) of 85%
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<
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FIGURE 10 Current density
e . ir mort
distribution along the symmetry axis for 4 repalr mortar
different quantities of galvanic anodes, 0.00 0.15
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case, shifted by 100 mV in the negative direction. Although
other definitions exist, the shortfall of this value can be
interpreted as local compliance with the criterion, which is
in practice dependent on the positioning of the reference
electrode within the concrete domain. This topic is
discussed in Reference!'®! extensively. Using the definition
above, it becomes obvious that compliance with this
criterion can only be achieved in a small area around the
boundary between patch and concrete, using high amounts
of galvanic anodes.

The observations above apply for rather dry condi-
tions. Figures 9-12 show the results for 85% and 95% RH
respectively. The general observation is that the mag-
nitude of polarization and corrosion currents increases
with higher RH. The same applies to the throwing
power of the passive reinforcement within the repair

RH 85 %
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FIGURE 11 Potential distribution
along the symmetry axis for different
quantities of galvanic anodes, calculated for
relative humidity (RH) of 95%. SCE,
saturated calomel electrode
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mortar and the galvanic anodes. This is expectable for a
lower concrete resistivity. The main question to be an-
swered by interpreting these results is whether the
lower resistivity is beneficial to the effectiveness of the
galvanic anodes or if this effect is overcompensated by
the macrocell activity within the slab, which is also
promoted. To answer this question, all results have been
investigated regarding their compliance with the three
levels of protection discussed above and its extent. The
results are summarized in Table 5. It is evident that the
number of anodes needed to achieve the different levels
of protection discussed above is generally decreasing
with higher RH. Coverage of all levels is possible with
amounts from 12 (wet) to 20 (dry) pieces of anodes per
patch, corresponding to anode spacing from approxi-
mately 250 to 150 mm along the edge of the repair patch.
Higher amounts of anodes increase the distance of
coverage only in a very limited range for the chosen

E, active rebar
100 mV

1.35 1.50

geometry. To judge whether more anodes per patch
provide a longer theoretical service life, the mean anode
current densities on the surface of the galvanic anodes
were calculated from the modeling data. From these, the
maximized service life has been calculated by use of
Faraday's law, assuming a mass of 60 g zinc per anode,
as assessed via autopsy. The results are also presented in
Table 5. It can be seen that the anode current densities
can only be reduced insignificantly by use of further
anodes. This is probably caused by the high cathodic
capabilities of the chosen geometry and rebar distribu-
tion. This may lead to an anodic control of the corrosion
system. The resulting service life calculations show
unrealistic high results. The actual service life may be
significantly shorter due to the formation of oxide lay-
ers, pore-blocking effects, or the loss of electrolytic
contact at the anode to mortar interface. This will be
further investigated within the course of the project.
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distribution along the symmetry axis for
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calculated for relative humidity (RH) of 95%
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TABLE 5 Summary of results

Anodes for

masking

RH (%) patch ()

75 12
16
20
24
28
32
36

85 8
12
16
20
24
28
32
36

95 8
12
16
20
24
28
32
36

Materials and Corrosion—l—11

Mean

current
Distance for density on
macrocell Distance anode
suppression for 100mV surface Theoretical
(m decay (m) (mA/m?®) service life”
-1 -1 2.57 62
0.098 = 2.32 69
0.112 0.004 2.22 72
0.125 0.024 2.27 70
0.136 0.034 2.10 76
0.140 0.041 2.04 78
0.145 0.044 1.88 85
= = 4.78 33
0.087 = 4.44 36
0.129 0.004 3.99 40
0.149 0.034 3.79 42
0.162 0.047 3.82 42
0.171 0.058 3.53 45
0.179 0.062 3.40 47
0.184 0.065 3.13 51
= = 6.95 23
0.125 0.000 6.43 25
0.166 0.030 5.79 28
0.184 0.047 5.48 29
0.197 0.065 5.45 29
0.210 0.072 5.03 32
0.214 0.078 4.81 33
0.221 0.081 4.44 36

Not fulfilled for given number of anodes.

®Assuming that the total amount of zinc is consumed to protection current.

5 | CONCLUSIONS

In this study, the capabilities of a commercially available
galvanic anode in the framework of partial concrete re-
placement have been assessed by means of numerical
studies. From the results, the following conclusions can
be drawn:

+ Galvanic anodes are capable of inhibiting the so-called
anode ring effect often observed when using partial
concrete replacement

+ The electrochemical masking of the new cathode area
within the repair mortar, local suppression of macro-
elements or even the local compliance with the 100-mV
decay criterion can be achieved for realistic climate
conditions and reasonable anode spacings

+ The throwing power is limited, the effect is evident in a
rather small area around the boundary of repair mortar
and substrate concrete only

« Even anode spacings of approximately 250 mm near
the concrete-mortar interface allow for an effective
electrochemical decoupling of the new cathode in the
repair patch in case of severe corrosion, such as the
complete depassivation of the upper rebar layer

6 | OUTLOOK

Within the scope of the ongoing research project, the
investigations presented above will be repeated using six
other types of commercially available galvanic anode
systems to analyze the impact of different geometries or
activation mechanisms. Furthermore, the polarization
properties will be assessed as a function of time and
emitted charge, to allow for time-dependent assessment
of the performance and realistic service life prognosis.
Geometrical parameters like the distance between upper
and lower rebar layer, rebar content, and especially, the
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distribution of active and passive rebar areas should be
further investigated, as they seem to have a significant
impact on the effectiveness of the method. Furthermore,
the interactions between galvanic anodes and surface
applied coating systems should be investigated.
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