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CATHODIC PROTECTION OF CONCRETE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

This invention relates to a method for cathodic protection 
of concrete. 

BACKGROUND OF THE INVENTION 

It is known that corrosion of steel in concrete can be 
reduced or halted by generating movement of ions within the 
concrete structure between an anode and a cathode de?ned 
by the conventional metal reinforcing members within the 
concrete. Techniques are available for cathodic protection in 
which suf?cient current is generated to maintain an ongoing 
protection and for restoration in which the current is used for 
a relatively short time but at a suf?cient value to cause restor 
ative effects. 

Various restorative effects can be obtained including par 
ticularly the extraction of chloride ions from the concrete 
which would otherwise cause corrosion of the metal rein 
forcement leading to degradation of this structure and spal 
ling of the concrete material covering the reinforcing mem 
bers. In this method an electrolyte is carried in a porous 
material between the outside surface of the concrete and the 
anode. 

Examples of this method are shown and described in 
detail in a brochure by Norcure Chloride Removal Systems 
Inc. entitled “Is Salt Induced Corrosion Causing Problems 
with your Concrete Structures”, in a brochure by Vector 
Construction entitled “The Concrete Restoration and Protec 
tion Specialists” and in a brochure by “Fosroc/NCTAS” 
entitled “Norcure Desalination”. These brochures describe a 
technique which is used for various concrete structures 
including bridge decks and the brochure by Fosroc shows 
particularly a technique in which a bridge deck is restored 
using this anodic method. 

In the brochure and as generally used in practice, after the 
concrete surface is exposed by removal of any covering 
layers, a porous material is laid down onto the upper surface 
and this receives an electrolyte. The porous material is then 
covered by a mesh type electrode in the form of wire netting 
which is then covered by a further layer of the porous mate 
rial. 

A current supply is connected between the mesh anode 
and the reinforcing steel of the concrete and over an 
extended period of many weeks this acts to cause the transfer 
of ions from the concrete material through the electrolyte to 
provide a restorative effect. 

The increased usage of salt as a de-icing agent in freezing 
conditions has severely exacerbated the problem of chloride 
degradation of concrete structures. 

Restoration of concrete using a temporary current is an 
entirely different process from impressed current cathodic 
protection. In the latter process, a small current typically of 
the order of H0 mAmps/ sq meter is caused to ?ow con 
tinuously through the life of the concrete for the purpose of 
inhibiting corrosion. 

The current used in the restoration process is strictly tem 
porary for a period of the order of 20 to 90 days and has a 
value which of the order of 50 to 200 TIMES that of the 
continuous current. Thus the current in the restoration pro 
cess may lie in the range 0.4 to 3.0 Amps/ sq meter. In 
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2 
addition, the process of restoration must include a liquid 
electrolyte whereas the continuous process is typically dry. 
Therefore the types of anode and materials to be used are of 
an entirely different character. 

In PCT Published Application WO94/29496 of Aston 
Material Services Limited is provided a method for cathodi 
cally protecting reinforcing members in concrete using a 
sacri?cial anode such as Zinc or Zinc alloy. In this published 
application and in the commercially available product aris 
ing from the application, there is provided a puck-shaped 
anode body which has a coupling wire attached thereto. In 
the commercially available product there are in fact two such 
wires arranged diametrically opposed on the puck and 
extending outwardly therefrom as a ?exible connection wire 
for attachment to an exposed steel reinforcement member. 

The puck is surrounded by an encapsulating material such 
as mortar which holds an electrolyte that will sustain the 
activity of the anode. The mortar is compatible with the 
concrete so that electrolytic action can occur through the 
mortar into and through the concrete between the anode and 
the steel reinforcing member. 
The main feature of the published application relates to 

the incorporation into the mortar of a component which will 
maintain the pH of the electrolyte in the area surrounding the 
anode at a high level of the order of 12 to 14. 

In use of the device, a series of the anodes is provided with 
the anodes connected at spaced locations to the reinforcing 
members. The attachment by the coupling wire is a simple 
wrapping of the wire around the reinforcing bar. The anodes 
are placed in location adjacent to the reinforcing bars and 
re-covered with concrete to the required amount. 

Generally this protection system is used for concrete 
structures which have been in place for some years suf?cient 
for corrosion to start. In general, areas of damage where 
restoration is required are excavated to expose the reinforc 
ing bars whereupon the protection devices in the form of the 
mortar covered puck are inserted into the concrete as 
described above and the concrete re?lled. 

These devices are beginning to achieve some commercial 
success and are presently being used in restoration pro 
cesses. However improvements in operation and ergonomics 
are required to improve success of this product in the ?eld. 

In International Publication WO98/ 16670 of Bennett and 
Clear is disclosed another cathodic protection system 
intended to be used as a surface arrangement. This arrange 
ment relates to a thinly sprayed Zinc or Zinc alloy which is 
applied onto the surface of the concrete. This Zinc or Zinc 
coating is then used as an anode to supply current for the 
cathodic protection process. As the anode is exposed at the 
surface, this may be used either as a sacri?cial system in 
which there is no applied current and the anode is gradually 
eroded as the electrolytic process proceeds or as an 
impressed current cathodic protection system. 
The improvement of the above Bennett application relates 

to the application of a humectant in free-?owing form which 
is positioned at or near the interface between the Zinc anode 
coating and the concrete surface. It has been found and is 
disclosed in this application that the provision of the humec 
tant in free-?owing form acts to absorb moisture from the 
area above the surface. The humectant is de?ned in the 
application as being either deliquescent or hygroscopic 
where a deliquescent material is one which becomes moist 
or lique?ed after exposure to humid air and a hygroscopic 
material is de?ned as one which is capable of absorbing 
moisture from the atmosphere. The humectant is delivered to 
or near the interface of the anode by application as a solution 
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Which is aqueous, colloidal or in an organic solvent such as 
alcohol. When the humectant in solution is applied to the 
surface of the anode, it is transported to or near the interface 
by capillary action. The application states that the humectant 
is applied to the exposed surface of the anode coating and 
therefore the anode coating must be suf?ciently thin or oth 
erWise arranged to be porous to alloW the humectant to reach 
the interface. 

SUMMARY OF THE INVENTION 

It is one object of the present invention, therefore to pro 
vide an improved method for cathodic protection of con 
crete. 

According to one aspect of the invention there is provided 
a method for cathodic protection of a concrete structure 
comprising: 

providing a concrete structure having a steel reinforcing 
member and a layer of concrete covering the reinforc 
ing member so as to de?ne a surface of the concrete 
layer spaced from the reinforcing member; 

providing a sacri?cial anode member; 
locating the anode member so as to be at least partly in 

contact With the layer; 
arranging the anode member and the steel reinforcing 
member so that an electrical potential therebetWeen 
causes a current to How through the concrete layer tend 
ing to inhibit corrosion of the steel reinforcing mem 
bers; 

the sacri?cial anode member being covered on at least one 
surface thereof by a ?ller material in contact With the 
concrete layer Which alloWs communication of current 
through the material and the layer betWeen the anode 
member and the reinforcing member; 

the ?ller material containing a deliquescent material 
Which is bound into the ?ller material. 

Preferably the ?ller material is a solid When in the ?nished 
condition in the concrete layer. HoWever gels or pastes can 
also be used. 

Preferably the anode member is buried in the concrete 
layer so as to be located Within the concrete layer spaced 
from the surface. In this Way it is maintained fully protected 
and also it does not interfere With the appearance of the 
concrete structure. In some arrangements hoWever an anode 
in a pad form can have one surface only covered by the ?ller 
material and can have that surface applied to the outer sur 
face of the concrete layer so that the remainder of the anode 
body faces upWardly from the surface of the concrete. 

Preferably therefore the ?ller material substantially fully 
surrounds the anode member to alloW the member to be 
buried and to maximize the surface area in communication 
With the concrete layer. 

Preferably the deliquescent material is in solid form in the 
?ller material, that is the material is maintained bound 
Within the pores or structure of the ?ller material and is not 
in liquid or free ?oWing state When in the operating or ?n 
ished condition. Generally the material is a salt or other 
soluble solid Which may initially be supplied in aqueous 
solution for mixing into the ?ller material particularly Where 
the ?ller material is cementitious. Thus When the ?ller mate 
rial sets, the Water is evaporated leaving the deliquescent 
material in solid crystalline or particulate form. 

Preferably the solid ?ller material has a pH in the range 12 
to 14 since this level of alkalinity acts to assist in maintain 
ing the current. 

In one embodiment, the solid ?ller material is attached to 
and carried by the anode member prior to insertion into the 
layer. 
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4 
As an alternative, the anode does not carry the material 

but instead the method includes the steps of forming a hole 
in an existing layer of concrete so as to expose a reinforcing 
member therein, inserting the anode member into the hole, 
attaching the anode member to the reinforcing member and 
?lling the hole With the solid ?ller material. 

Preferably the hole is a drilled hole. 
Preferably the anode member is attached to the reinforc 

ing member by a solid pin rigidly attached to the anode 
member and rigidly attached to the reinforcing member. 

Preferably the pin passes through a bore in the anode 
member such that the anode member surrounds the pin. 

In one preferred arrangement, the pin has one end driven 
into the reinforcing member by an impact tool. 

In an alternative preferred arrangement, the pin has one 
end electrically Welded to the reinforcing member. 

In a further alternative arrangement the anode member is 
attached to the reinforcing member by an impact thereon 
causing How of a ?oWable metal portion to attach the How 
able metal portion to the anode member and to the reinforc 
ing member. 

Preferably the anode member includes a ?rst portion of a 
?rst material having a ?rst level of negative potential and a 
second portion of a second higher level of negative potential 
such that the second portion generates a higher current to the 
steel but is consumed more quickly than the ?rst material. 
According to a second aspect of the invention there is 

provided a method for cathodic protection of a concrete 
structure comprising: 

providing a concrete structure having a steel reinforcing 
member and a layer of concrete covering the reinforc 
ing member so as to de?ne a surface of the concrete 
layer spaced from the reinforcing member; 

providing a sacri?cial anode member; 
drilling a hole in an existing layer of concrete so as to 

expose a reinforcing member therein; 
inserting the anode member into the hole, the anode mem 

ber being shaped for insertion into the drilled hole; 
attaching the anode member to the reinforcing member; 
?lling a remainder of the hole With a ?ller material; 
and arranging the buried anode member and the steel rein 

forcing member such that an electrical potential ther 
ebetWeen generates a current tending to inhibit corro 
sion of the steel reinforcing member While causing the 
sacri?cial anode to be consumed. 

According to a third aspect of the invention there is pro 
vided a method for cathodic protection of a concrete struc 
ture comprising: 

providing a concrete structure having a steel reinforcing 
member and a layer of concrete covering the reinforc 
ing member so as to de?ne a surface of the concrete 
layer spaced from the reinforcing member; 

providing a sacri?cial anode member; 
forming a hole in an existing layer of concrete so as to 

expose a reinforcing member therein; 
inserting the anode member into the hole and rigidly 

attaching the anode member to the reinforcing member 
so as to extend therefrom into the hole; 

?lling a remainder of the hole With a solid ?ller material; 
and arranging the buried anode member and the steel rein 

forcing member such that an electrical potential ther 
ebetWeen generates a current tending to inhibit corro 
sion of the steel reinforcing member While causing the 
sacri?cial anode to be consumed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

One embodiment of the invention Will noW be described 
in conjunction With the accompanying draWings in Which: 
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FIG. 1 is a cross sectional vieW showing schematically a 
method for restoration of concrete according to the present 
invention. 

FIG. 2 is a cross sectional vieW at right angles to that of 
FIG. 1. 

FIG. 3 is a top plan vieW of the embodiment of FIGS. 1 
and 2. 

FIGS. 4, 5 and 6 are vertical cross-sectional vieWs shoW 
ing consecutive steps in a method similar to but modi?ed 
relative to that of FIG. 1. 

FIG. 7 is a top plan vieW ofthe embodiment of FIGS. 4, 5 
and 6. 

FIGS. 8, 9 and 10 are vertical cross-sectional vieWs shoW 
ing three further methods similar to but modi?ed relative to 
that of FIG. 1. 

FIG. 11 is a graph shoWing the current developed by an 
anode system using different components in the ?ller mate 
rial 

In the draWings like characters of reference indicate corre 
sponding parts in the different ?gures. 

DETAILED DESCRIPTION 

In FIGS. 1, 2 and 3 is shoWn a ?rst embodiment according 
to the present invention of an improved cathodic protection 
device. 

The device is of a similar construction to that shoWn in the 
above application WO94/29496, the disclosure of Which is 
incorporated herein by reference. 

Thus the cathodic protection device is arranged for use in 
a concrete structure generally indicated at 10 having a rein 
forcing bar 11 embedded Within the concrete and spaced 
from an upper surface 14 of the concrete. 

Embedded Within the concrete at a position adjacent to the 
reinforcing bar 11 is a cathodic protection device generally 
indicated at 15 Which includes a puck-shaped anode body 
16. The body 16 is circular in plan vieW to de?ne a circular 
upper surface 18 as shoWn in FIG. 3 and has a cylindrical 
peripheral surface 17 as shoWn in FIG. 1. Other shapes of the 
puck anode body can be provided if preferred but the puck is 
a convenient form in that it is relatively ?at to alloW insertion 
into the body of the concrete and it provides a suf?cient 
volume of the anode material to avoid rapid depletion. 

At diametrically opposed positions on the peripheral sur 
face 17 is attached a pair of connecting Wires 19 and 20 
Which are ?exible but suf?ciently stiff to be self-supporting. 
Any suitable electrically conductive material such as copper 
or steel can be used. 

Around the anode body is provided a layer of a mortar 
material 21. In practice the mortar material is moulded 
around the puck so as to provide a thickness of a mortar 
material around the full periphery and on the top and bottom 
surfaces of the puck With the thickness being of the order of 
lcm. The Wires 19 and 20 pass through the mortar and then 
the mortar is cast in place after the Wires are attached to the 
anode material. 

The mortar forms an electrolyte Which is in intimate com 
munication With the concrete layer so that a current can ?oW 
from the anode to the steel reinforcement. 

The mortar contains and supports also suitable materials 
to maintain the pH in the range 12 to 14 as described in the 
above application. As described in the above application, 
Portland cements of intrinsically higher alkali content (i.e. 
those containing relatively high proportions of Na2O and 
KZO) can be used or other cements can be used With supple 

20 

25 

30 

35 

45 

50 

55 

60 

65 

6 
mentary alkalis in the form of LiOH, NaOH or KOH for 
example. These materials are mixed into the mortar prior to 
the casting on the anode body. 

In addition to the above materials, there is also applied 
into the mortar material a humectant or deliquescent mate 

rial. Suitable materials include Ca(NO3)2, CaCl2, LiNO3, 
CaNO2, MgCl2, Ca(SO4)2 and many others Well knoWn to 
one skilled in the art. Such deliquescent are basically in solid 
or poWder form but can be dissolved to form an aqueous 
solution. When forming into the mortar, the material can be 
supplied in the poWder form With the cement in a required 
mixture proportions for adding to Water in conventional 
manner. Alternatively, the material can be supplied in aque 
ous solution Where some or all of the Water is supplied in the 
solution. HoWever When admixed and the mortar sets, the 
deliquescent material is ?rmly bonded into the mortar mate 
rial With the remaining materials set forth above. Other suit 
able deliquescent materials are set out in the above men 
tioned application, the disclosure of Which is incorporated 
herein by reference. In all cases, therefore, the humectant or 
deliquescent material is carried in or bonded into the sur 
rounding ?ller material and is not in a free ?oWing or liquid 
condition. It cannot therefore migrate in the concrete layer 
and remains in place in the ?ller material. 
The ?ller material is preferably a solid so that it can con 

tain and hold the anode Without danger of being displaced 
during the process. HoWever gels and pastes can also be 
used. The ?ller material preferably is relatively porous so 
that it can accommodate expansion of the Zinc oxide during 
consumption of the anode. HoWever voids Which might ?ll 
With Water should be avoided. A covering fabric such as felt 
can also be used to support the additive materials Which are 
alloWed to dry in the fabric pores. 
The deliquescent material is thus selected so that it 

remains supported by and admixed into the mortar so that it 
can not migrate out of the mortar during storage or in use. 

The use of the protection device is substantially as 
described in the above application WO94/ 29496 in that it is 
buried in the concrete layer either at formation of the con 
crete in the original casting process or more preferably in a 
restoration process subsequent to the original casting. Thus 
suf?cient of the original concrete is excavated as indicated at 
the dashed lines 22 to alloW the reinforcing bar 11 to be 
exposed. The Wires 19 and 20 are then Wrapped around the 
reinforcing bar and the protective device placed into position 
in the exposed opening. The device is then covered by a 
recast portion of concrete as indicated at 23 and remains in 
place buried Within the concrete. 

This system is therefore only applicable to a sacri?cial 
anode system Where the anode is buried Within the concrete. 
In an alternative arrangement, not shoWn, the anode can 
form a pad applied onto the surface of the concrete With the 
?ller material applied to and covering only one surface for 
contacting the concrete. 
The cathodic protection device therefore operates in the 

conventional manner in that electrolytic potential difference 
betWeen the anode and the steel reinforcing member causes 
a current to How therebetWeen suf?cient to prevent or at least 
reduce corrosion of the steel reinforcing bar. 
The level of the pH and the presence of the humectant 

enhances the maintenance of the current so that the current 
can be maintained for an extended period of time in a range 5 
to 20 years. 

The presence of the deliquescent material bound into the 
mortar layer acts to absorb suf?cient moisture to maintain 
conductivity around the anode to ensure that su?icient out 
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put current is maintained during the life of the anode and to 
keep the anode/?ller interface electrochemically active. The 
presence also increases the amount of the current. Even 
though the mortar material 21 is not exposed to the atmo 
sphere as it is buried Within the concrete, and even though 
the deliquescent material is bound in ?xed form into the 
mortar material, it has been found that absorption of mois 
ture into the deliquescent material is su?icient to enhance 
the maintenance of the current output and to prevent prema 
ture reduction of output current over an extended period of 
operation and before the anode is consumed. 

In FIG. 11 is shoWn a plurality of plots over time of cur 
rent output for different additives in the mortar material. 
This shoWs that a signi?cant increase is obtained in the cur 
rent by using the humectant in the mortar both in combina 
tion With the alkali and Without the alkali. While these obser 
vations are taken over only a relatively short time scale it can 
be reasonably predicted that the same advantages in current 
level Will be maintained over an extended period of several 
years over the normal life of the anode. 

Turning noW to FIGS. 4 through 7, there is shoWn an 
alternative arrangement of the protective device according to 
the present invention. 

Basically the protective device Works in a similar manner 
to that described above in that there is an anode body formed 
of a suitable material of the required electric potential and 
that body is electrically connected to the reinforcing bar 11 
of the concrete structure 10. The body is also surrounded by 
a mortar material 21A containing the materials described 
above. HoWever in this arrangement the mortar material is 
not carried by the anode body 16A but instead is applied as a 
subsequent process as a ?ller to an opening 22A. 

In this embodiment, therefore, the opening 22A is a 
drilled opening Which is formed as a circular hole drilled 
into the concrete and forming a cylindrical hole Wall 25 
extending doWn to a base 26 Which is suf?ciently deep 
Within the concrete structure 10 so as to expose an upper part 
of the reinforcing bar 11. It is not essential that the reinforc 
ing bar be completely exposed at its upper surface but it is 
preferred to do so to ensure that the reinforcing bar has 
indeed been properly located and that the subsequent con 
nection is properly applied to the reinforcing bar Without the 
possibility of missing the reinforcing bar and leaving an 
open electrical connection. 

In this arrangement, there is no necessity to expose the 
underside of the reinforcing bar to alloW access to Wrap 
around the reinforcing bar but only an upper surface of the 
reinforcing bar needs to be exposed. A drilled hole therefore 
can suf?ce and the drilled hole need only have a diameter 
suf?cient to receive the body 16A to ensure the body is 
Wholly contained Within the concrete structure 10 after the 
mortar material 21A is inserted in place to ?ll the hole 22A. 

In one example, the anode body 16A has a cylindrical 
outer surface 26, a circular top surface 27 and a circular 
bottom surface 28. Other shapes can also be adopted if pre 
ferred. The anode body 16A includes a central longitudinal 
bore 30. The bore 30 co-operates With an attachment pin 31 
having an upper head 32 and loWer pointed end 33. Thus a 
kit of parts for assembling the structure Would include a 
plurality of the anode bodies 16A and a plurality of the pins 
31 for assembly into the drilled holes. The outside diameter 
of the pin 31 is slightly greater than the inside diameter of 
the hole 30 so that When driven through the hole 30, the pin 
is ?rmly engaged into the bore so that there is no possibility 
of the anode body becoming loose from the pin. 

The length of the pin 31 is selected so that it Will pass 
through the bore 30 to a position Where the head 32 engages 
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8 
the top surface 27 at Which time the pointed loWer end 33 is 
engaged into the reinforcing bar 11. 

Suitable impact tools are Well-knoWn in the construction 
industry for driving pins of this type into concrete and steel 
structures and such tools are WellknoWn to one skilled in the 
art. 

As shoWn in FIG. 4, therefore, With the anode body in 
place in the hole, the pin 31 is located at the top of the bore 
driven by the impact tool through the bore so that the loWer 
end drives into the reinforcing bar and is attached thereto by 
cold forming of the reinforcing bar to provide a permanent 
physical attachment of the pin to the reinforcing bar. 

Thus the pin stands vertically upWardly from the reinforc 
ing bar and the anode body is held above the reinforcing bar 
by the pin. There is therefore no loose coupling and the 
attachment is entirely rigid so that it can not be disturbed 
during casting of the mortar material 21A or otherWise. The 
hole is shaped relative to the anode body so that the Whole of 
the hole is ?lled With the ?ller material to prevent voids 
Which can ?ll With Water. In an alternative arrangement, not 
shoWn, the hole can be partly ?lled With the ?ller material 
Which surrounds the anode body but not the complete hole, 
With the remainder of the hole being topped up With another 
?ller Which can simply be concrete. 

As previously described, the mortar material contains the 
components necessary to enhance the maintenance of the 
electrolytic current betWeen the anode body and the steel 
reinforcing bar. HoWever in some arrangements the enhanc 
ing components may be omitted or replaced and the advan 
tageous mounting of the anode body used as described 
above. 

Turning noW to FIGS. 8, 9 and 10, yet further modi?ca 
tions are shoWn Which are related to the construction shoWn 
in FIGS. 4 through 7 but shoW further improvements Which 
can be adopted if required. 
The anode can be formed of any suitable material Which is 

electro-negative relative to the steel reinforcing members. 
Zinc is the preferred choice, but other materials such as mag 
nesium or alloys thereof can also be used. In the embodi 
ment of FIG. 8, the anode body 16A is enhanced by the 
addition of a supplementary body portion 35 of a different 
material. This body portion is formed of a metal Which is of 
increased potential difference from the steel reinforcing bar 
relative to the main body of the anode, so that this anode 
body Will provide an enhanced potential difference in an 
initial operating condition but the additional body Will be 
consumed more quickly so that it becomes used up at an 
early stage. The additional body therefore provides a “kick 
start” to the process generating an initial high potential dif 
ference and then after it is consumed, the remaining process 
carries on through the use of the previously described anode 
body 16A. 

In this arrangement, the additional body is applied simply 
in the form of a cylindrical Washer 35 at the loWer end of the 
body 16A so it can be applied in place and then the pin 31 
driven through the bore 30 and through a similar bore in the 
Washer into the reinforcing bar 11 as previously described. 
The Washer can thus be attached to the body 16A before use 
or can be a simple separate element. The Washer can be 
applied at either end of the body on the pin and is held in 
place by the rigidity of the pin as previously described. 
A further alternative is shoWn in FIG. 9 Where the pin 31 

is replaced by a deformable block 36 of a ?oWable metal 
such as lead. In this embodiment therefore the body 16B 
does not include a central bore but instead carries the lead 
block 36 on its loWer end 27. The impact tool in this case 
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therefore acts to drive a force through the body 16B into the 
?oWable material block 36 so as to deform that material and 
bond it to the reinforcing bar 11 by the ?owing action of the 
material. 

In FIG. 10 is shoWn yet further alternative in Which a pin 
31A is provided already inserted through the body 16C. In 
this arrangement the hole 30 through the body 16C is 
arranged as a friction ?t on the pin so that the pin is held in 
place Without necessity for deformation of the body 16C. 
The pin thus has a loWer end projecting doWnWardly from 
the underside of the body 16C and this loWer end or tip 37 is 
Welded to the upper surface of the reinforcing bar 11 by an 
arc Welding system 38 of conventional type having a return 
Wire 39 connected to the reinforcing bar generally at a sepa 
rate location. Thus the electrical current through the pin 31A 
acts to Weld the loWer end of the pin to the reinforcing bar to 
provide a permanent ?xed upstanding pin holding the anode 
body 16C accurately in place Within the drilled hole 25. 

Since various modi?cations can be made in my invention 
as herein above described, and many apparently Widely dif 
ferent embodiments of same made Within the spirit and 
scope of the claims Without departing from such spirit and 
scope, it is intended that all matter contained in the accom 
panying speci?cation shall be interpreted as illustrative only 
and not in a limiting sense. 
What is claimed is: 
1. A method for cathodic protection of a concrete structure 

comprising: 
providing a concrete structure having a layer of concrete 

and a steel member in contact With the layer of con 

crete; 
providing a sacri?cial anode member; 
burying the anode member Within the layer so as to be in 

contact With the concrete layer; 
the sacri?cial anode member as provided and prior to 

being buried in the concrete layer comprising an anode 
body of an anode material Which is covered on at least 
one surface thereof by a coating material Which is car 
ried by the anode body; 

the anode member being arranged such that, When the 
anode member is buried, the coating material is in con 
tact With the concrete layer; 

the coating material being arranged to alloW communica 
tion of current through the coating material and the 
concrete layer betWeen the anode body and the steel 
member so as to provide cathodic protection for the 
steel member by an electrical potential betWeen the 
anode body and the steel member Which causes a cur 
rent to How through the concrete layer tending to inhibit 
corrosion of the steel member; 

the coating material comprising a solid material With a 
binder attaching the coating material to the anode body; 

providing in the coating material an additive different 
from the coating material itself Which additive is a deli 
quescent material Which is bound into the coating mate 
rials; 

causing the presence of the deliquescent material bound 
into the coating material to absorb su?icient moisture 
into the coating material to maintain conductivity 
around the anode body; 

and causing the presence of deliquescent material to keep 
the interface betWeen the anode body and the coating 
material electrochemically active to ensure that su?i 
cient current is maintained betWeen the anode body and 
the steel member during the life of the anode body to 
maintain said cathodic protection. 
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[2. The method according to claim 1 Wherein the coating 

material fully surrounds the anode member] 
3. The method according to claim 1 Wherein the deliques 

cent material is in solid form in the coating material. 
4. The method according to claim 1 Wherein the coating 

material has a pH in the range 12 to 14. 
5. The method according to claim 1 including the step of 

rigidly attaching the anode member to the steel member. 
[6. The method according to claim 5 Wherein the anode 

member is attached to the steel member by an impact 
thereon causing How of a ?oWable metal portion to attach the 
?oWable metal portion to the anode member and to the steel 

member] 
[7. The method according to claim 1 Wherein the anode 

member is attached to the steel member by a solid pin rigidly 
attached to the anode member and rigidly attached to the 
steel member] 

[8. The method according to claim 7 Wherein the solid pin 
passes through the anode member such that the anode mem 
ber surrounds the solid pin.] 

[9. The method according to claim 7 Wherein the solid pin 
has one end driven into the steel member by an impact tool.] 

[10. The method according to claim 7 Wherein the solid 
pin has one end electrically Welded to the steel member] 

11. A method for cathodic protection of a concrete struc 
ture comprising: 

providing an existing concrete structure having a steel 
reinforcing member and a layer of concrete covering 
the reinforcing member so as to de?ne a surface of the 
concrete layer spaced from the reinforcing member; 

providing a sacri?cial anode body formed of an anode 
material; 

drilling a hole in the layer of the existing concrete struc 
ture so as to expose a reinforcing member therein; 

inserting the anode body into the hole, the anode body 
being shaped for insertion into the drilled hole; 

attaching the anode body to the reinforcing member; 
?lling the hole With a ?ller material; 
the anode body being arranged such that, When the anode 

body is buried, the ?ller material is in contact With the 
concrete layer; 

the ?ller material being arranged to alloW communication 
of current through the ?ller material and the concrete 
layer betWeen the anode body and the reinforcing mem 
ber so as to provide cathodic protection for the steel 
reinforcing member by an electrical potential betWeen 
the anode body and the steel reinforcing member, 
Which generates a current tending to inhibit corrosion 
of the steel reinforcing member While causing the sac 
ri?cial anode to be consumed; 

providing in the ?ller material an additive Which is a deli 
quescent material Which is bound into the ?ller mate 
rial; 

causing the presence of the deliquescent material bound 
into the ?ller material to absorb su?icient moisture into 
the ?ller material to maintain conductivity around the 
anode body; 

and causing the presence of the deliquescent material to 
keep the interface betWeen the anode body and the ?ller 
material electrochemically active to ensure that su?i 
cient current is maintained betWeen the anode body and 
the steel reinforcing member during the life of the 
anode body to maintain said cathodic protection. 

[12. The method according to claim 11 Wherein the anode 
body is attached to the reinforcing member by a solid pin 
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rigidly attached to the anode body and rigidly attached to the 
reinforcing member.] 

[13. The method according to claim 12 Wherein the pin 
passes through the anode body such that the anode body 
surrounds the pin and such that the pin extends longitudi 
nally Within the drilled hole.] 

[14. The method according to claim 12 Wherein the solid 
pin has one end driven into the reinforcing member by an 
impact tool.] 

[15. The method according to claim 12 Wherein the solid 
pin has one end electrically Welded to the reinforcing mem 
ber.] 

[16. The method according to claim 11 Wherein the anode 
body is attached to the reinforcing member by an impact 
thereon causing How of a ?oWable metal portion to attach the 
?oWable metal portion to the anode body and to the reinforc 
ing member.] 

17. A method for cathodic protection of a concrete struc 
ture comprising: 

providing a concrete structure having a steel reinforcing 
member and a layer of concrete covering the reinforc 
ing member so as to de?ne a surface of the concrete 
layer spaced from the reinforcing member; 

providing a sacri?cial anode member; 
forming a hole in an existing layer of concrete so as to 

expose a reinforcing member therein; 
inserting the sacri?cial anode member into the hole and 

rigidly attaching the sacri?cial anode member to the 
reinforcing member so as to extend therefrom into the 

hole; 
?lling the hole With a ?ller material; 
and arranging the buried sacri?cial anode member and the 

steel reinforcing member so as to provide cathodic pro 
tection for the steel reinforcing member by an electrical 
potential betWeen the sacri?cial anode member and the 
steel reinforcing member Which generates a current 
tending to inhibit corrosion of the steel reinforcing 
member While causing the sacri?cial anode member to 
be consumed. 

18. The method according to claim 17 Wherein the sacri? 
cial anode member is attached to the reinforcing member by 
a solid pin rigidly attached to the sacri?cial anode member 
and rigidly attached to the reinforcing member. 

[19. The method according to claim 18 Wherein the pin 
passes through the sacri?cial anode member such that the 
sacri?cial anode member surrounds the solid pin and such 
that the solid pin extends substantially at a right angle to the 
reinforcing member.] 

20. The method according to claim 18 Wherein the solid 
pin has one end driven into the reinforcing member by an 
impact tool. 

21. The method according to claim 18 Wherein the solid 
pin has one end electrically Welded to the reinforcing mem 
ber. 

22. The method according to claim 17 Wherein the sacri? 
cial anode member is attached to the reinforcing member by 
an impact thereon causing How of a ?oWable metal portion 
to attach the ?oWable metal portion to the sacri?cial anode 
member and to the reinforcing member. 

23. A method for cathodic protection of a concrete struc 
ture comprising: 

providing an existing concrete structure having a steel 
reinforcing member and a layer of concrete covering 
the reinforcing member so as to de?ne a surface of the 
concrete layer spaced from the reinforcing member; 

providing a sacri?cial anode body formed of an anode 
material; 
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excavating a hole in the layer of the existing concrete 

structure so as to expose a reinforcing member therein; 
inserting the anode body into the hole, the anode body 

being shaped for insertion into the excavated hole; 
attaching the anode body to the reinforcing member; 
providing around the anode body a ?ller material; 
the anode body being arranged such that, When the anode 

body is buried in the concrete layer, the ?ller material is 
in contact With the concrete layer; 

the ?ller material being arranged to alloW communication 
of current through the ?ller material and the concrete 
layer betWeen the anode body and the reinforcing mem 
ber so as to provide cathodic protection for the steel 
reinforcing member by an electrical potential betWeen 
the anode body and the steel reinforcing member Which 
generates a current tending to inhibit corrosion of the 
steel reinforcing member While causing the sacri?cial 
anode to be consumed; 

providing in the ?ller material an additive Which is di er 
ent from the filler material itself which additive is a 
deliquescent material Which is bound into the ?ller 
material; 

causing the presence of the deliquescent material bound 
into the ?ller material to absorb su?icient moisture into 
the ?ller material to maintain conductivity around the 
anode body; 

and causing the presence of the deliquescent material to 
keep the interface betWeen the anode body and the ?ller 
material electrochemically active to ensure that su?i 
cient current is maintained betWeen the anode body and 
the steel reinforcing member during the life of the 
anode body to maintain said cathodic protection. 

24. The method according to claim 1 wherein the deli 
quescent material provided in the coating material com 
prises lithium nitrate. 

25. The method according to claim 1 wherein the deli 
quescent material provided in the coating material com 
prises calcium nitrite. 

26. The method according to claim 1 wherein the coating 
material comprises a porous material. 

27. The method according to claim 1 wherein the sacrifi 
cial anode member comprises a compressible material. 

28. The method according to claim 23 wherein the deli 
quescent material provided in the filler material comprises 
lithium nitrate. 

29. The method according to claim 23 wherein the deli 
quescent material provided in the filler material comprises 
calcium nitrite. 

30. The method according to claim 23 wherein the?ller 
material comprises a porous material. 

3]. The method according to claim 1 wherein the deli 
quescent material provided in the coating material com 
prises calcium nitrate. 

32. The method according to claim 1 wherein the deli 
quescent material provided in the coating material com 
prises calcium chloride. 

33. The method according to claim 1 wherein the deli 
quescent material provided in the coating material com 
prises magnesium chloride. 

34. The method according to claim 1 wherein the deli 
quescent material provided in the coating material com 
prises calcium sulphate. 

35. The method according to claim 23 wherein the deli 
quescent material provided in the coating material com 
prises calcium nitrate. 

36. The method according to claim 23 wherein the deli 
quescent material provided in the coating material com 
prises calcium chloride. 
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37. The method according to claim 23 wherein the deli 
quescent material provided in the coating material com 
prises magnesium chloride. 

38. The method according to claim 23 wherein the deli 
quescent material provided in the filler material comprises 
calcium sulphate. 

39. The method according to claim 1 wherein the coating 
material comprises a porous material, and the coating 
material, including the deliquescent material, has an alka 
linity which alone is insu?icient to maintain said cathodic 
protection. 

40. The method according to claim 1 wherein the pH of 
the deliquescent material is less than 12. 

4]. The method according to claim 1 wherein the deli 
quescent material comprises a material other than an alkali 
metal oxide or an alkali metal hydroxide. 

42. The method according to claim 1 wherein the deli 
quescent material comprises a material other than a mate 
rial selected from the group consisting of lithium hydroxide, 
potassium hydroxide, sodium hydroxide, sodium oxide and 
potassium oxide and the coating material comprises a 
cementitious mortar 

43. The method according to claim 42 wherein the deli 
quescent material is admixed into the mortar 

44. The method according to claim 1 wherein the current 
between the anode body and steel member is maintained at a 
level greater than would occur without the presence of the 
deliquescent material. 

45. The method according to claim 1 wherein the coating 
material comprises a material other than a gel or paste. 

46. The method according to claim 1 wherein the coating 
material is ofa solidform so as not to deform when the 
anode member is buried in the concrete layer 

47. The method according to claim 1 wherein the anode 
body is connected to the steel member using an electrical 
connector which is attached to the anode material. 

48. The method according to claim 1 wherein the electri 
cal connector comprises steel. 
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49. The method as claimed in claim 1 wherein the deli 

quescent material comprises a material other than an alkali 
metal oxide or an alkali metal hydroxide, said coating mate 
rial comprises porous material comprising a cementitious 
material, the current between the anode and steel member as 
maintained at a level greater than would occur without the 
presence of the deliquescent material, and said electrical 
connector being attached to anode material and being com 
prised of steel. 

50. The method according to claim 1 wherein said anode 
member comprises at least two anode materials. 

5]. The method as claimed in claim 1 wherein said coat 
ing material comprises a cementitious material, said deli 
quescent material has a pH less than 12 and said coating 
material is ofsolidform so as not to deform when the anode 
member is buried in the layer. 

52. The method according to claim 1 wherein said deli 
quescent material is other than an alkali metal oxide or an 
alkali metal hydroxide and said coating material is other 
than a gel or paste. 

53. The method according to claim 1 wherein the anode 
member is installed in direct contact with the reinforcing 
member 

54. The method according to claim 53 wherein the anode 
member conforms to the reinforcing member 

55. The method according to claim 1 wherein the deli 
quescent material is in liquidform within the coating mate 
rial. 

56. The method according to claim 1 wherein the sacrifi 
cial anode member comprises a fibrous material. 

57. The method according to claim 17 wherein the anode 
member is maintained in spaced relationship with respect to 
the reinforcing member 

58. The method according to claim 17 wherein an outer 
surface of the reinforcing member is engaged by the rigid 
attachment. 


