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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft Internationpl Standards
adopfed by the technical committees are circulated to the member bodies for voting. Publigation as an
Intermational Standard requires approval by at least 75 % of the member bodies casting a'vote.

Attention is drawn to the possibility that some of the elements of this document may'be the sublect of patent
rightg. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 12696 was prepared by the European Committee for Standardization)(CEN) Technicg Committee
CEN(ITC 219, Cathodic protection, in collaboration with Technical Committee ISO/TC 156, Corrosionlof metals and
alloys in accordance with the Agreement on technical cooperation betweenSO and CEN (ViennalAgreement).

This first edition cancels and replaces EN 12696:2000, which has_been technically revised.

© 1SO 2012 — All rights reserved \%
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Introduction

This International Standard applies to cathodic protection of steel in concrete, with the concrete atmospherically
exposed, buried or immersed.

Because the criteria of protection for steel in buried or immersed concrete are those applicable to cathodic
protection of steel in atmospherically exposed concrete, this revision of EN 12696:2000 incorporates cathodic
protection of steel in buried and immersed concrete. The provision of cathodic protection current can often
be more economically provided to steel in buried and immersed concrete by using buried or immersed anode
systems detailed in International Standards for buried and immersed steel structures, rather than the anode

systems tha
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Cathodic protection of steel in concrete

1 Scope

This International Standard specifies performance requirements for cathodic protection of steel in cement-
based concrete, in both new and existing structures. It covers building and civil engineering structures, including

norm
steel

This
elem

NOTH

NOTH
electr
found
additi
prote

al reinforcement and prestressed reinforcement embedded In the concrete. It Is applicablg
reinforcement and to organic-coated steel reinforcement.

nternational Standard applies to steel embedded in atmospherically exposed, buried, immer
bnts of buildings or structures.

1 Annex A gives guidance on the principles of cathodic protection and its application to steel in ¢
2
plyte except concrete, may be applied to cathodic protection of steel in other cementitious materia
for example, in early 20th century steel-framed masonry, brick and terracotta clad buildings. In suc
bnal considerations specific to these structures are required in respectefdesign, materials and installat
tion; however, the requirements of this International Standard mayhe.applied to these systems.

2

The following referenced documents are indispensable for the application of this documen

ormative references

to uncoated

sed and tidal

bncrete.

This International Standard, whilst not specifically intended to address~cathodic protection ¢f steel in any

s such as are
h applications,
on of cathodic

t. For dated

refergnces, only the edition cited applies. For undatedreferences, the latest edition of the referenced document
(inclding any amendments) applies.

ISO 8044, Corrosion of metals and alloys —Basic terms and definitions

ISO 13174, Cathodic protection for harbalr installations

EN 1p04 (all parts), Products and-systems for the protection and repair of concrete structures —+ Definitions,
requiyements, quality control ang-evaluation of conformity

EN 12954, Cathodic protection of buried or immersed metallic structures — General principles and application
for pipelines

EN 14629, Products>and systems for the protection and repair of concrete structures — Tesl methods —
Detefmination of\ehloride content in hardened concrete

EN 14630, .Products and systems for the protection and repair of concrete structures — Tesl methods —
Detefrmination of carbonation depth in hardened concrete by the phenolphthalein method

EN 15257, Cathodic protection — Competence levels and certification of cathodic protection personnel

IEC 60502-1, Power cables with extruded insulation and their accessories for rated voltages from 1 kV (U= 1,2kV)
to 30 kV (U = 36 kV) — Part 1: Cables for rated voltages of 1 kV (Un = 1,2 kV) and 3 kV (U = 3,6 kV)

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 61140, Protection against electric shock — Common aspects for installation and equipment

IEC 61558-1, Safety of power transformers, power supplies, reactors and similar products — Part 1: General
requirements and tests

IEC 61558-2-1, Safety of power transformers, power supplies, reactors and similar products — Part 2-1:
Particular requirements and tests for separating transformers and power supplies incorporating separating
transformers for general applications

© 18O
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IEC 61558-2-2, Safety of power transformers, power supplies, reactors and similar products — Part 2-2:
Particular requirements and tests for control transformers and power supplies incorporating control transformers

IEC 61558-2-4, Safety of transformers, reactors, power supply units and similar products for supply voltages
up to 1 100 V — Part 2-4: Particular requirements and tests for isolating transformers and power supply units
incorporating isolating transformers

IEC 61558-2-13, Safety of transformers, reactors, power supply units and similar products for supply voltages
up to 1 100 V — Part 2-13: Particular requirements and tests for auto transformers and power supply units
incorporating auto transformers

IEC 61558-2-16, Safety of transformers, reactors, power supply units and similar products for voltages up to

1100V —H
for switch mq

IEC 62262, [}
impacts (IK d

3 Terms
For the purpg

31
zone
part of a cath

NOTE A
Alternatively,
system. Zones
provision to eg
“cathodic prot

3.2
humectant
hygroscopic

NOTE It

4 Generd

4.1 Qualit

The design,
elements of

Iode systems may be divided into separate zones to supply-Cutrent to a fully continuous reinforcement

art 2-16: Particular requirements and tests for switch mode power supply units and transfo
de power supply units

Degrees of protection provided by enclosures for electrical equipment against exterpal mechg
ode)
and definitions

ses of this document, the terms and definitions given in ISO 8044 and EN\1504 and the following

odic protection system

single anode zone may supply current to separate, electrically isolated, zones within the reinforc

may comprise an individual anode zone for each reinforcement zone or exposure condition. As the ¢
ch of the zones in each of these alternatives can be’separately measured, all of them are generically
bction zones” and specifically “anode zones” or<“cathode zones”.

material, i.e. a substance that promotes the retention of moisture

may be applied to the surface(of\a galvanic anode to keep the concrete-anode interface moist.

y management systems

the installation, the energizing, the commissioning, and the long-term operation of all g
cathodic protection systems for steel in concrete shall be fully documented.

NOTE IS

mers

anical

hpply.

mesh.
bment
urrent
called

f the

(0-9000 constitutes a suitable Quality Management Systems Standard which may be utilized.

Each element of the work shall be undertaken in accordance with a fully documented quality plan.

Each stage of the design shall be checked and the checking shall be documented.

Each stage of the installation, energizing, commissioning and operation shall be the subject of appropriate
visual, mechanical and/or electrical testing, and all testing shall be documented.

All test instrumentation shall have valid calibration certificates traceable to national or European Standards
concerning calibration.

The documentation shall constitute part of the permanent records for the works.

© 1SO 2012 — All rights reserved
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4.2 Personnel

Each aspect of the cathodic protection system design, installation, testing of the installation, energizing,
commissioning and long-term operational control shall be under the supervision of personnel with appropriate
qualifications, training, expertise and experience in the particular element of the work for which they are responsible.

NOTE Cathodic protection of steel in concrete is a specialist multidiscipline activity. Expertise is required in the fields
of electrochemistry, concrete technology, civil and/or structural engineering and cathodic protection engineering.

Personnel who undertake the design, supervision of installation, commissioning, supervision of operation,
measurements, monitoring and supervision of maintenance of cathodic protection systems shall have the
appropriate level of competence for the tasks undertaken. EN 15257 specifies a suitable method which may be
utilizéd for assessing the competence of cathodic protection personnel.

The competence of cathodic protection personnel to the appropriate level for tasks undertakg¢n should be
demanstrated by certification in accordance with EN 15257 or by another equivalent prequalificatign procedure.

4.3 |Design

This |nternational Standard does not represent a design code but is a perfofmanhce standard.
Cathgdic protection systems for steel in concrete shall be the subject of detailed design.

The design shall, as a minimum, include the following:

a) detailed calculations;

b) detailed installation drawings;

c) detailed material and equipment specifications;

d) detailed method statements or specificationsfor installation, testing, energizing, commissioning gnd operation;

e) structures containing prestressing shall-bé assessed for their susceptibility to hydrogen embrjttlement and
for risk of stray currents.

NOTH Annex B lists items that should be considered in the detailed design.

5 $Structure assessment and repair

5.1 |General
For cathodic proteection (or cathodic prevention) of new structures, see 5.12.

The assessmeént of an existing structure, including its material condition, its structural integrity, |and whether
and how*to'repair it, shall be performed in accordance with EN 1504.

When cathodic protection 1S proposed as the repair/protection method, or part of It, for a structure, additional
investigation shall be undertaken in order to

a) confirm the suitability of cathodic protection, and
b) provide system-design input information. See Annex B.

These investigations shall include, but shall not be limited to, those in 5.2 to 5.10.

5.2 Records
All available drawings, specifications, records and notes shall be reviewed to assess the location, quantity,

nature (e.g. normal, galvanized, epoxy-coated, prestressed) and continuity of the reinforcement and any
additional steel, the constituents and quality of the concrete.

© 1S0O 2012 — All rights reserved 3
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The available information shall be confirmed and supplemented by site survey and laboratory tests, as specified
in 5.3 to 5.8.

5.3 Visual inspection and delamination survey

Visual survey data shall be collected to ascertain the type, causes and extent of defects, and any features
of the structure or its surrounding environment, which could influence the application and effectiveness of
cathodic protection. Areas which have been previously repaired, and the repair methods and materials, shall
be identified.

All areas of the structure which require to be cathodically protected shall be checked for delamination of the

concrete coV

Defects, sud
penetration,
shall be recq

Where nece;s
and or coffer

5.4 Chlor

If required, v
with EN 1462

5.5 Carbag

If required, d

5.6 Conci

Concrete co

er.

h as cracks, honeycombing, or poor construction joints, which could permit significant
and which could in turn impair the effectiveness or durability of the cathodic protection sy
rded.

bsary, the inspection and survey of buried or immersed elements will be facilitated by excay
dams.

de analysis

hlues and distributions of the chloride content of the concrete‘shall be determined in accord
9.

nation depth measurement

stribution of carbonation depths shall be measured in accordance with EN 14630.

ete cover and reinforcement location

er distribution and embedded steeland reinforcement size and position measurements sh

carried out i
system envi

S
Shielding of %e steel to be protected, caused by embedded metal meshes, metal fibres or plates, plastic s

or non-condy
Possible sho

For buried of
to comprise

5.7 Reinfq

Drawings of
on site by m

order to assess whether the anade/cathode spacing will be adequate for the particular g
ged, and to identify dense regions of steel or reinforcement which may require high current dg

ctive repair materials, which-Could impair the efficiency of cathodic protection, shall be asse|
Ft-circuits between reinforcing steel and impressed current anodes shall be assessed.

immersed structures’or zones, the concrete cover may be less significant if the anode syst
hnodes buried @rimmersed and located some distance from the structure.

prcement electrical continuity

einforcement and other steel elements shall be checked for continuity which shall then be p
easuring the electrical resistance and/or potential difference between bars in locations rg

water
stem,

ation

ance

all be
node
nsity.
heets
ssed.

em is

foven
mote

from each ot

ner across the structure. [esting shall be as speciiied In /.7 for the purpose ot confirming cat

odic

protection feasibility and providing design information. This shall include at least an assessment of the following

on a represe

ntative basis:

a) electrical continuity between elements of the structure within each zone of the cathodic protection system;
b) electrical continuity of reinforcement within elements of the structure;
c) electrical continuity of metallic items, other than reinforcement, to the reinforcement itself.

At the subsequent repair and installation stage, reinforcement and other steel electrical continuity shall be
further checked in accordance with the methods, and to the extent specified in 7.1.

© 1SO 2012 — All rights reserved
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Steel/concrete potential

Representative areas, both damaged and apparently undamaged, shall be surveyed for reinforcement/steel
corrosion activity, using portable reference electrodes conforming to 6.3.2. Measurements shall be taken,

prefe

NOTE 1

rably on an orthogonal grid, at a maximum spacing of 500 mm.

It is not necessary to carry out a steel/concrete potential survey of the entire structure. It is appropriate to

survey, in more detail, those areas where reference electrodes are planned to be permanently installed, in order to place

them

in most anodic and other suitable locations.

Continuity of the reinforcement and steel within any steel/concrete potential survey area is essential and shall
be checked, using the method in 7.1 before the steel/concrete potential survey.

Meagurements in any areas identified as delaminated, in the survey specified in 5.3, should bJe interpreted
with caution, because delamination can produce readings inconsistent with the level-of corfosion of the
reinfgrcement or other embedded steel.

NOTH2 ASTM C876[8] RILEM TC 154 report (2003)[®] and Concrete Society Technical Rgport 6010 prdvide guidance
with respect to steel/concrete potential measurements and interpretation.

5.9 [Concrete electrical resistivity

The impact of variations in concrete resistivity on the cathodic proteGtion system shall be consigered. There
is no|firm guidance on limits of electrical resistivity with respect te,cathodic protection, but the designer shall
cons|der whether full protection can be achieved where required\for the ranges and absolute valugs of concrete
resisfivity found on the structure.

NOTH RILEM TC 154 Report (2000)['" and Concrete Sagiety Technical Report 600191 provide guidande with respect
to cornjcrete electrical resistivity measurements and interpretation.

5.10( Repair

5.10.1 General

All ogerations comprising repair shall be performed in accordance with EN 1504, except where stafed otherwise
in thi$ subclause.

NOTH Installation of cathodie-protection to an existing structure may be associated with other forms pf repair work,

such @s strengthening, patching.or coating, as determined in accordance with EN 1504. In this subclause, th

signif
prote
been

5.10.

All re

es reinstatement of.the/damaged/deteriorated concrete to provide an uninterrupted path for the flg
tion current priort0ihe installation of cathodic protection, as well as reinstatement at locations wherg
removed to provide’access to reinforcement and other steel, to install cable connections and monitorin

P Concrete removal

pairmaterials from previous installations with significantly different electrical resistivity fro

conc

e term “repair”
w of cathodic
b concrete has
j sensors, etc.

m the parent

ete’shall be broken out.

NOTE 1

Typically, these repair materials with an electrical resistivity outside the range of approximatel

y half to twice

that of the parent concrete, when measured under the same conditions as the parent concrete, should be removed in order
to allow relatively uniform current distribution to reinforcement. For example, predominantly epoxy-based repair materials
will have very high resistivity values and may shield reinforcement within or behind them from cathodic protection. Concrete
reinforced with metallic fibres may have very low electrical resistivity and the fibres may form an electrical short-circuit
path between the anode and the steel.

For impressed-current cathodic protection systems, any tying wire, nails or other metal components visible on
the concrete, that might contact the anode system or might be too close to the anode for optimum anode/cathode
spacing, shall be cut back and the concrete shall be repaired.

NOTE 2  Any metallic objects electrically isolated from the cathodic protection cathode circuit may corrode and may
require to be electrically bonded to the reinforcement or removed.

© 1SO 2012 — All rights reserved
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The removal of physically sound chloride-contaminated or carbonated concrete prior to applying cathodic

protection is

not necessary.

5.10.3 Reinforcement preparation

Any loose corrosion product particles shall be removed from the exposed reinforcement or other steel to
ensure good contact between the steel and the repair material, but there is no need to clean the reinforcement

or other stee

Neither insula

5.10.4 Conc
Concrete rei

Concrete sh
or powder) §
characteristi
Proprietary g
Alternative ¢

The electrics

NOTE Ty
that of the pa
resistivity of th
repair materia|
effect over tim
A good quality
be more impo

5.11 Ceme

For cathodic
in 5.10, and
over appropt
EN 1504. Th

[, to be embedded in concrete, to bright metal.

ting nor resistive primers or coatings shall be used.

rete reinstatement
hstatement shall be in accordance with EN 1504, except where stated in this subclause,

bll be reinstated using cementitious materials. Repair materials containing metal (either
hall not be used, especially in the case of impressed current systems. Thecelectrical resi
£s and mechanical properties of the repair materials shall be compatible with'the original con
uring membranes shall not be used prior to subsequent anode installation over the repair
iring methods shall be used.

| resistivity of concrete repair materials shall be similar to that of/the“parent concrete.

pically, these repair materials will have an electrical resistivity within the range approximately half to
ent concrete when measured under the same conditions as the.parent concrete. However, the ele
e parent concrete will be that of an aged material (age > 20 yéars), whereas the electrical resistivity
will reflect the properties at a relatively young age; it is afiticipated that there will be a significant 4
e. Also, measurements made in the laboratory on prismswill not represent the conditions of the stry
repair made with materials known to be compatible with cathodic protection installations has been fo
tant than arbitrary resistivity limits.

htitious overlay

protection systems employing andde*systems as outlined in 6.2.2.2, following repair as spe
anode installation in accordance,with 7.5, 7.6 and 7.7, a cementitious overlay shall be af
iate types of installed anodeAll materials and application methods shall be in accordance
b average bond strength between the existing concrete and overlay shall be greater than 1,5

and the minimum shall be greater than-1,0 MPa.

NOTE If
the use of a cg

Overlay appl

The electricg
the overlay K
atmospheric

he substrate concrete,.eohesive strength fails at lower values than 1,5 MPa average and 1,0 MPa min
ementitious overlay.may be inappropriate.

cation mayibe combined with concrete repair.

| resistivity of anode overlays may exceed twice that of parent concrete subject to the anode
eing dble to pass its design current at the design voltage, in an overlay of this resistivity,
and exposure conditions applicable to the structure.

fibre
Stivity
Crete.
area.

twice
Ctrical
of the

geing
cture.
ind to

cified
plied
with
MPa

mum,

vithin
in all

The selected material, thickness and placement method shall be compatible with each other, with the anode
material and the exposure of the structure.

The potential between the anode and reinforcement/steel (cathode) shall be monitored to detect short-circuits.
Curing membranes shall be removed from the parent concrete/substrate or shall have sufficiently degraded to
avoid adversely influencing the performance of the cathodic protection system.

5.12 New structures

In the case of a new structure, if cathodic protection as a preventive system is to be included in the original
construction, the following issues shall be assessed in the design, specification and construction procedures,
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in addition to the requirements of the remainder of this International Standard and of the standards governing
the design and construction of the new structure:

a)

b)

6

6.1

The
current to the surfaces of the embedded steel to be protected. Impressed current cathodic proteg
shall[further incorporate positive and negative d.c. cables between the anode and the steel, resq
the dfc. power supply, which is the source of the cathodic protection current.

For galvanic anode systems, direct permanent metallic connections shall be provided between th
the steel, except where monitoring that requires currenttinterruption is installed.

Refefence electrodes, other electrodes and other.sensors are key elements of cathodic proteg
and
electfodes and sensors may be interrogated and-displayed by portable instrumentation or permane
instrymentation of either the automatic or.npanual type.

The ¢ntire cathodic protection system.shall be designed, installed and tested to be suitable for itg
in itslintended environment.

Both |impressed current and galvanic anode cathodic protection systems require monitoring provis
to defermine the performance and comply with this International Standard.

NOTH Galvanic anade 'systems may be used without monitoring systems or methods to measure their
Such systems do not.domply with this International Standard.

6.2

See

provision and checking of reinforcement/steel electrical continuity, in accordance with 7.1;

adequate securing and protection of monitoring sensors and all cables and their connections, to avoid

damage or disturbance during concrete placement and vibration;

connection, location or insulation of other metallic fixtures, fixings, or other items, so as to avoid undesirable

influences from the cathodic protection system;

in the case of impressed current anodes cast into the concrete structure, provision of sufficient rigid

insulating spacers and attachments to secure the anodes in position and prevent th
ghort-circuits during concrete placement and vibration. The potential monitoring betwee
fleinforcement/steel (cathode) shall be used to detect short-circuits during concrete placeme

O

Pathodic protection system components

General

cathodic protection system shall include an anode system intende@)to distribute the cathoq

constitute the performance monitoring systém within cathodic protection systems. The d

Anode‘systems

\nnéx(C.

creation of
anode and
ht.

ic protection
tion systems
ectively, and

e anode and

tion systems
ata from the
ently installed

intended life

sions in order

performance.

The anodesystenTstat-be capabte of supptying the performance Tequired by the cathodic protection design
(see 4.3). The anode system’s calculated or anticipated life shall be sufficient for the design life incorporated
into the design, with, where necessary, planned maintenance or replacement of the anode system or parts of
the system at periods designated in the design.

For anodes embedded into or applied to the surface of the concrete, the anode current density shall conform
to the design and shall not exceed such values resulting in a performance reduction of either

a)

b)

the concrete at the anode/concrete interface, or

the anode,

during the design life of the anode.
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The design and/or the selection of the anode material shall consider likely variations in cathode current density
requirements, steel distribution, concrete electrical resistivity and any other factors likely to result in uneven
distribution of current demand or current discharge from the anode and the possibility of this resulting in an
early failure of isolated parts of the anode system.

NOTE 1 A variety of anode systems have been developed, tested and demonstrated in long-term field applications to be
suitable for use embedded in concrete or applied to the concrete primarily (but not exclusively) in the cathodic protection of
steel in atmospherically exposed concrete. The requirements for such anodes are unique for usage of cathodic protection
in concrete, as the anodes have to be installed or applied and distributed across the concrete surface or within the
concrete, as required, to meet the design distribution and magnitude of current. The anode is therefore in close contact
with the highly alkaline concrete pore water. In operation, the anodic electrochemical reactions at the anode/concrete
interface are oxidizing, producing acidity.

have
6.2.1
luded
hodes

NOTE 2  The anode systems described in this International Standard are in two categories. Anode systems whicH
been in use for a minimum of 5 years and which have extensive, generally successful, track records are coyéred ir
and 6.2.2. It i not intended that the use of other, perhaps newer or less well proven, anode materials is-to bé pred
as this would festrict the necessary and advantageous development of new, possibly improved, anodematerials. A

are listed non{exclusively in Annex C.

It is likely tha
It is not the p
anode shoul

t new and effective anode materials will be developed for cathodic protegtion of steel in con
urpose of this International Standard to preclude their use. It is recommended that the use ¢
I only be undertaken where performance can be demonstrated by laboratory testing, trials g

Crete.
f any
nd/or

past projects.

pct of
recial

It is suggested that new anode materials for cathodic protection of steeldin‘eoncrete should be the subj
rigorous labdratory testing and, wherever possible, extended and/or ac¢elerated field trials prior to comm
non-trial applications.

NOTE3  TH
NACE TM 029

ere is an established test method for acceleratedxlife testing of anodes embedded in concrete,

4[12] and for organic-based conductive-coating anodes!'3l.

Anode syste
Standards E

ms used for the protection of steel in buried ‘or immersed concrete are detailed in Eurg
N 12473, EN 12954, EN 12495, EN 12474.and 1SO 13174.

pean

6.2.1 Conductive coating anode systems

6.2.1.1 Organic coatings

These coatirlgs are used as impressed-current anodes.

ing a
d into
be of
may

ystem shall comprise-an organic conductive coating (solvent based or water soluble, contair
ictor) and a series-0f conductors (primary anodes) fixed to the concrete surface or integrate
n order that the-Conductors can distribute current within the coating. The conductors shall
to resist,anodic reactions, e.g. platinum-coated or platinum-clad titanium or niobium which
red, or.mixed metal-oxide-coated titanium.

The anode s
carbon cond
the coating,

material ablg
be copper cq

The combinctlon of conductive coating and pr|mary anodes shall be demonstrated by tr|als or past projegts to
enable the desig onduictive
coating shall be such that it can be caIcuIated or demonstrated that the varlatlon in anode current output
attributable to the resistance, within the coating, between primary anodes, does not exceed +10 % of the
average current output measured as a +10 % voltage drop.

The particular application technique selected shall be demonstrated by trials or past projects to enable the
design anode performance to be achieved.

The adhesion of the coating to the concrete, subject to appropriate surface preparation and the above
application technique, shall be suitable to achieve the full design life of the anode system.

Data shall be provided determining the wet and/or dry film thickness requirements to achieve the required dry
film conductivity.

See Annex C for further information.
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6.2.1.2 Thermally sprayed metallic coatings
The anode system shall comprise a thermally sprayed metallic coating of Zn, Al-Zn, Al-Zn-In or Ti.

The Zn coatings are used both as impressed current anodes and as galvanic anodes; the Al-Zn and Al-Zn-In
alloy anodes are used as a galvanic anode. Ti is used as an impressed current anode with a catalytic spray to
lower the anode-to-concrete interfacial resistance.

When thermal sprayed metallic coatings are used as galvanic anodes, they may be applied directly to the
reinforcement/steel where it is exposed, as well as predominantly to the sound concrete surface.

A humectant may be applied to thermal sprayed metallic coatings used as galvanic anodes to enhance
their [performance.

To avoid atmospheric corrosion and prolong the life-time of the anode, an organic top-coating may be applied
to the thermal sprayed metallic layer.

The ¢ombination of metallic coating and connectors shall be demonstrated by trials'or past projects to enable
the design anode performance to be achieved.

The particular application technique selected shall be demonstrated by trials or past projects fo enable the
design anode performance to be achieved.

The pdhesion of the coating to the concrete, subject to appropriate surface preparation and the above
appligation technique, shall be suitable to achieve the full designdife*of the anode system.

Data|shall be provided for determining the application pro¢ess requirements to achieve the frequired film
thickpess and conductivity.

Metallic connectors (of Cu, Cu-Zn-alloys, Ti or steel)smechanically bonded to the concrete surface shall be
installed prior to metallic coating application.

See Annex C for further information.
6.2.2| Activated titanium anode systems

6.2.2|11 General
These anodes are used as impressed current anodes.

The anode system shall'comprise a substrate of titanium('4l and an electrocatalytic coating containing oxides
of plgtinum group metals, platinum, iridium or ruthenium along with oxides of titanium, zirconium and tantalum,
together with anodefeable connections and a cementitious overlay or surround.

NOTH 1 These’' anodes are frequently described as MMO/Ti anodes (Mixed Metal-Oxide-coated titanium) or
dimersionally.stable anodes (DSA).

The goating composition and thickness, or mass per unit area, shall be demonstrated by trials andjor laboratory
testing to enable the design anode performance to be achieved.

NOTE 2 A suitable test procedure is NACE TM 0294[12].

6.2.2.2 Surface installed

The activated titanium shall take the form of a mesh or grid, distributed in accordance with the cathodic
protection system design, on the concrete surface. Titanium connectors shall be spot welded to the mesh
or grid to distribute current to all component parts of the anode and to facilitate electrical connections to the
anode. Where anode/cable connections are to be incorporated into the cementitious overlay, they shall be of a
type and installed in a manner that can be demonstrated by trials or past projects to enable the design anode
and anode/cable connection performance to be achieved.
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Non-metallic fixings shall be utilized to facilitate the fixing of the anode material to the surface of the concrete
or to reinforcement/steel prior to pouring the concrete, and shall ensure that there are no short-circuits between
anode and reinforcement/steel.

See Annex C for further information.

6.2.2.3 Installation into recesses in cover concrete

The anode shall take the form of solid or mesh titanium strips or grids complete with the electrocatalytic
coating, suitable for recessing into grooves cut into the cover concrete, or be activated titanium strips and grids
with non-metallic fixings to facilitate installation onto exposed reinforcement prior to concrete placement.

The size and distribution of the strips or grids shall conform to the cathodic protection system design‘and the
maximum anode current density.

See Annex ¢ for further information.

6.2.2.4 Empedded within the structure
Activated titgnium shall be embedded within the structure in one of the following ways:

a) electrocptalytically coated titanium in the form of strip, mesh, grid or tubes shall be embedded ihto a
cementifious repair mortar in holes drilled into the concrete;

b) anodes pf a similar form or platinum-coated titanium rods shall belused in conjunction with a cond{ctive
graphitefbased backfill;

c) anodes pf a similar form shall be cast into new constructionfor'cathodic prevention or into concrete rgpairs
for cathgdic protection.

Where a backfill (e.g. graphite) is part of the anode system, its operating current density based upop the
dimensions ¢f the hole drilled in the concrete, and thé&.anode current density within the backfill shall co:rform
to the cathodic protection system design (see 4.3)-and shall be limited to values which can be demonsfrated
by trials or past projects to enable the requisite @node, backfill and anode/cable connection performance(to be
achieved. Where graphite backfill is utilized, the"graphite shall be considered as the anode in calculating the
minimum angde/reinforcement or other steel'spacing.

See Annex ¢ for further information.

6.2.3 Titanja ceramic anodes

See Annex (¢ for further infarmation.

6.2.4 Conductive.cementitious anodes

See Annex ¢ for further information.

6.2.5 Embedded galvanic anodes
These consist of zinc anodes in an activating encapsulation.

One anode type consists of a disk of zinc encased in proprietary activating mortar with connections to the reinforcing
bar (rebar) attached. One or more galvanic anodes are attached to the reinforcement in a concrete repair. The
anode will corrode and provide current which may be sufficient to protect an area around the patch repair.

Another anode type allows a “string” of zinc anodes in proprietary activating mortar to be embedded in cored
holes in the concrete.

See Annex C for further information.
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6.2.6 Surface-mounted galvanic anodes

6.2.6.1 Zinc mesh in overlay

This anode is designed for splash and tidal zone applications. It consists of an expanded zinc metal sheet
or mesh, mechanically fixed and grouted to the prepared concrete surface. It may use a permanent form (or
jacket) containing an expanded mesh zinc anode which is clamped to a concrete pile in the splash and tidal
zone. This is filled with a cementitious grout. Cast zinc anodes may be attached below the low-water line.

See Annex C for further information.

6.2.6/2 Adhesive zinc-sheet anode

A “glie on” anode system has been developed that can be applied directly to a prepared.condrete surface.
The adhesive is a hydrogel, as used in attaching electrodes to the skin for medical appfi¢ations. [The anode is
supplied in rolls of adhesive covered zinc sheet and is attached to the structure. The iolls are then soldered
together and attached directly to the steel.

See Annex C for further information.
6.2.7 Buried and immersed anodes

6.2.7\11 General

For gtructures that are either buried or immersed, anodes do-hot have to be in direct physical|contact with
the cpncrete. Traditional anode systems, for example, asJsed in cathodic protection schemes for buried and
immgrsed pipelines, tanks, marine structures, etc. and as described in EN 12473, EN 12954, EN 12495 and
EN 1R474 may be used. In these cases, the anodes-are located away from the structure but @re buried or
immarsed in the same electrolyte in which the steelNh concrete structure is buried or immersed.

The type of anode composition, shape, locationrand method of installation varies for the different|systems and
also Varies between buried and immersed.€onditions. Further information is given in Annex C.

NOTH The Bibliography provides additional sources of data on the design and application of buried and immersed
anodgs that can be applied to supplying'¢athodic protection (or cathodic prevention) current to steel in buriefd or immersed
concrete structures.[101[11]

6.2.7]12 Immersed concrete structures

6.2.7{2.1 Galvani¢.anodes

For immersed-concrete structures, galvanic anodes, comprising alloys of aluminium—zinc—indium, zinc or
magnesium-alloys, may be used as described in EN 12495. Aluminium-based alloys are only suitgble for saline
watef conditions. In very low resistivity environments or if magnesium alloys are used, particular ¢gonsideration
shall bé-given to acceptable negative potential limits (see 8.6).

The number, size, capacity and location of galvanic anodes will be dependent on the current demand, the (soil
or water) electrolyte resistivity, the structure size and shape, and shall be designed to ensure uniform current
distribution and polarization to the structure.

Electrical connections between the anode and the steel in the concrete may be by direct welding of anode
supports to the steel (either during construction of the structure or after excavation to expose the steel with
suitable concrete repair following welding) or by the use of an integral anode cable fixed to a suitable contact
point(s) on the steel.

6.2.7.2.2 Impressed current anodes

Impressed current anodes with long-established track records in buried or immersed applications, including
high-silicon iron (with chrome in chloride environments), mixed metal-oxide-coated titanium, platinized titanium
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or platinized niobium mounted either on the concrete structure or located some distance from the structure (as
remote anodes), as described in EN 12495, may be used.

The number, size, capacity and location of impressed current anodes will be dependent on the current demand,
the (soil or water) electrolyte resistivity, the structure size and shape, and shall be designed to ensure uniform
current distribution and polarization to the structure.

Where anodes are fixed directly to the structure, a dielectric shield may be required between the anode and the
concrete to prevent excessive current entering the concrete immediately adjacent to the anode, which could

result in loca

6.2.7.3 Buriedconcretestructures

| overpolarization.

6.2.7.3.1 Galvanic anodes

For concrete| structures buried in soil (including foundations, storage tanks and concrete pipelines), galvanic
anodes with[long-established track records in buried applications based on zinc or magnesium alloys, as
described in [EN 12954, may be used.

Anodes will pormally be located a short distance from the structure and placed in‘a-suitable chemical backfill

(typically a n

Electrical co
cable to a ju
junction/test

The selection of zinc or magnesium alloys will be dependent on.sailresistivity and the required current g

from the ano
be given to a

The number,
structure geq
along the str

6.2.7.3.2 In

Impressed ¢
high-silicon i
or platinized
as described
calcined petr
groundbeds

The number,

current demand{ram the structure, the structure size and geometry, and the soil resistivity. The design

ix of gypsum, bentonite and sodium sulfate).

nction or test box, with a corresponding connection cable from the steel in the structure {
box.

es. In very low resistivity soils or where magnesium-alloys are used, particular consideration
cceptable negative potential limits (see 8.6).

metry and the soil resistivity. For longitudinal structures (e.g. pipelines) in particular, attend
Lcture length shall be considered in.the’determination of anode spacing.

npressed current anodes

Lrrent anodes with long-éstablished track records in buried or immersed applications, incl
ron (with chrome in chloride environments), mixed metal-oxide-coated titanium, platinized titg
niobium (with or without a copper core) located in groundbeds some distance from the stru
in EN 12954, may)be used. Anodes will normally be installed in a conductive backfill (typ
oleum coke) and,may be located either as single anodes or grouped to form horizontal or vg
anode groups).

size, capacity and location of impressed current anodes and groundbeds will be dependent g

nection between the anode and the steel in the concrete strucCture shall be via an integral gnode

o the

utput
shall

size and location of anodes will be dependent on the current demand from the structure, the

ation

Liding
nium
cture,
ically
rtical

n the
shall

take into acq

ount requirements for ensuring uniform current distribution and polarization over the stru

cture,

as well as a

aifabte Space/rignt Ol aCCess wnere |arge-size grounapeas are 1oCated some distance fro

the

concrete structure. For longitudinal structures (e.g. pipelines) in particular, attenuation along the structure
length shall be considered in the determination of spacing between groundbeds and between the structure and
the groundbeds.

6.3 Monitoring sensors

6.3.1 Gene

ral

In order to determine the performance of the cathodic protection, a monitoring system shall be incorporated.
The monitoring system shall incorporate sensors at representative points over the entire structure/anode zone
to be protected.

12
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The cathodic protection system performance shall be determined by measuring the steel/concrete potential,
using reference electrodes.

NOTE 1

Mn/M

NOTE 2

Suitable reference electrodes for permanent embedding in concrete include double junction Ag
n0O2/0,5 M NaOH electrodes.

Other sensors, such as potential decay electrodes, current density coupons, macro-cell probes,

be used in conjunction with reference electrodes.

NOTE 3

In some environments, such as in the presence of bromides, iodides or ionizing radiation

/AgCI/KCI and

etc., may also

, Ag/AgCI/KCI

electrodes may be unstable. In instances of significant temperature changes, all electrodes will change their electrode
potential. In some such circumstances, it may be necessary to utilize potential decay probes only.

Refe
shall

NOTH
meas

Refe

ence electrodes are used to measure absolute potential values, as in 8.6. Their own elegctr]
be accurate and stable with respect to a standard electrode.

4 This is typically expressed in theory with respect to a standard hydrogen electrodé)but is m
Lired in the laboratory with respect to a saturated calomel electrode.

ence electrodes shall have an electrode potential within £ 10mV of their theoretical value a

of reference electrodes shall all have electrode potentials within + 5mV of their-ealibration certific

Refe
mapf
Elect

ence electrodes shall be calibrated with respect to a pair of clean~and fully maintained
ing electrodes in order to demonstrate the above electrode<potential accuracy prior tqg
fode installation may be improved by precasting electrodessinto shrinkage-compensated

mortar and ensuring intimate bonding between the mortar and.theporous plug of the electrode.

All sd

The (
resis

6.3.2

Portg
surfa

Portg
spon

Portg

nsors shall be sufficiently robust for installation and permanent exposure in highly alkaline

ables and cable connections to sensors shall bessimilarly robust and alkaline resistant and
ant if in contact with, or close to, the anode system.

Portable reference electrodes

ble reference electrodes shall be referénce electrodes designed to be used either directly on
ce or in conjunction with Luggin probes.

ble reference electrodes to e used directly on the concrete surface shall have an integral, but
he for contact with the concrete.

ble reference electrodes shall be supplied with a calibration certificate and shall be storeg

and handled in full acCerdance with the manufacturer’s instructions. Portable reference electrd

chec

ed against a khown laboratory standard reference electrode, or similar, at the beginning ang

site gpplication.

NOTH
calonm

1 Suitable portable reference electrodes include gel-filled, double-junction Ag/AgCI/0,5 M KCI
el electrodes (in a non-glass housing) (SCE).

NOTH

2 Calomel electrodes may not be suitable for site use for health and safety reasons as they co

pbde potential

ore frequently

nd any batch
ates.

aboratory or
installation.
cementitious

onditions.

also be acid

the concrete

replaceable,

, maintained
des shall be
i end of each

and saturated

htain mercury.

Cu/saturated CuSOQOy4 electrodes (CSE) are not recommended for use on concrete surfaces due to the high risk of significant
errors if copper sulfate leaks onto the concrete surface.[15]

6.3.3

6.3.3

A

Other sensors

Potential decay probes

Potential decay probes shall not be used to measure absolute steel/concrete potential [as specified in 8.6 a)]
or long-term potential decay beyond 24 h.

NOTE 1

Potential decay probes are sensors enabling the measurement of steel/concrete potential but d

o not have the

reversible stability of their own half-cell potential in order to be classified as a reference electrode. They may be used to
determine the potential change (during “on and off switching”) over a limited time period, typically a maximum of 24 h.

© 18O
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NOTE 2

6.3.3.2 Coupons and macro-cell probes

Coupons and macro-cells are optional additional monitoring sensors.

Suitable potential decay probes for permanent embedding in concrete include graphite and activated titanium.

Where used, coupons and macro-cell probes shall be manufactured from steel of similar composition to the
structure-reinforcing steel and shall either be of rugged construction suitable for permanent embedding in
concrete or be constructed by isolating and instrumenting existing reinforcement which is already in place.

Macro-cell probes shall be encased in chloride-rich mortar cyI|nders The chIorlde content of the cylinders

(with respecttc
concrete (wit
reinforcemer

Current deng

h respect to the mass of the cement) and exceed the maximum chlorlde content at the de
t.

ity coupons or macro-cell probes may be used to estimate the local current density collects

the steel cathhode; for this application the coupon shall be of a known surface area.

NOTE M
current from t

bero-cell probes can also be used to confirm that local active corrosion sites (“hot.spots”) receive suf]
he cathodic protection system to control corrosion. This is indicated by a reyersal of the net currer

between the macro-cells and the main reinforcement after the cathodic protection system has’been energized.

6.3.3.3 Lud

Luggin probe
shall be suita

NOTE L
to be determir

6.4 Monit

6.4.1

Monitoring i
performance

NOTE M
loggers. Instrd
or other meas

All instrumerf
to electronid
equipment s
recommenda

gin probes (electrolytic bridge)

Jcture
bth of

bd on

ficient

t flow

erials

5 shall comprise an ionic conductive medium within a rigid or semi-rigid insulation material. All mat
ble for being permanently embedded in concrete and shall'be prevented from completely dryin

ggin probes or similar devices can be used to enable the.potential of embedded steel deep within a strI

ed using a portable reference electrode.

pring instrumentation

Generral

out.

cture

nstrumentation shall be used\ to interrogate monitoring sensors installed to determing the

of the cathodic protection system and the operating condition of the d.c. power supply.
bnitoring instrumentation.may‘comprise manual devices, portable data loggers or permanently installe
mentation is principally-required to measure d.c. voltages. If coupons or macro-cell probes are incorpq
Lirements are required\then other specialist instrumentation is necessary.

tation shall bé.constructed in accordance with relevant national or European standards re

and measurement equipment and shall be provided with a valid calibration certificate.

hall be handled, installed, commissioned and operated in accordance with the manufact
tionss

i data
rated

ating
All
irer’s

6.4.2 Digital-meters

Voltmeters for measuring sensors and d.c. power supplies shall have a minimum resolution of 1 mV, an accuracy
of £1 mV or better and an input impedance of greater or equal to 10 MQ.

Analogue meters shall not be used.

Current flow between coupons or macro-cell probes and reinforcement shall be measured using a zero
resistance ammeter or other suitable device of such accuracy and resolution that the current is measured to an
accuracy of better than +1 % of the value measured.

NOTE

microamperes to hundreds of milliamperes.

14

Depending on the coupon or macro-cell probe size and their environment, the currents can range from tens of
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6.4.3 Data loggers

6.4.3.1 General

Data loggers shall have suitable multi-channel input or multiplexers to enable all channels selected for data
logging to be measured and recorded.

Data loggers shall operate under a real date-time clock which shall be included in all measurement units. Data
loggers shall have a minimum input impedance of 10 MQ and a resolution of at least 1 mV in a range of at least

2 000 mV and an accuracy of +5 mV or better.

Data Heggers—shalbe—supplied—with—seftware—allowingtestlocations—sensers—d-e—poewer—systems, anode
zones, etc. to be identified.

NOTH Data loggers can be used to collect data from both sensors and d.c. power supplies’ Data Idgggers may be
eitherl portable or permanently installed.

6.4.3|12 Portable data loggers

Portgble data loggers shall be suitable for rough handling and temporary _exposure to the site pnvironment.
Conrjection of portable data loggers to test boxes, d.c. power supplies, &tc. shall be by suitable|connector(s)
and gable, as appropriate.

6.4.3|3 Permanently installed data loggers

Permanently installed data loggers shall be located in an enclosure suitable for the environment and climate
cond(tions at the site, in accordance with 6.7 and 6.9.

Permanently installed data loggers shall be hardwired to relevant sensors, d.c. power supplies, etc.
Instrymentation cable connections shall be in accordance with 6.6.

NOTH 1 Permanently installed data loggers canbe operated independently, on a network or via a mddem link. The
powef supply can either be a.c. mains or via thé_network cable, as appropriate.

Inter¢onnection into a network shall be in accordance with relevant national or European standards and the
netwprk manufacturer’s recommengdations.

Each| permanently installed data’logger shall have a unique identification reference number.

NOTH 2  Permanently installed data loggers can operate as either passive or active systems. If passive, they collect
data ¢nly when instructed-by a system controller. If active, they can be programmed to collect data for selgcted intervals.

Eithe
selec

Itis n
secu
Induq

they may transfit)all data or transmit summary data (e.g. mean, maximum, minimum, standard de
ed period) on_réquest or automatically.

ecommended that access to permanently installed data loggers either directly or via a net
ed, requiring at least the need for a user-defined password in order to prevent unauthor
try-standard data-transfer security and communications protocols should be considered acqd

viation, over a

vork shall be
ized access.
ording to the

locat

o nf tha tnatallad At ~el

6.5

OOt ToStaCOTTe TV OTICT

Data management system

A data management system shall be provided to collate, order, sort and present the performance data arising
from the cathodic protection system.

NOTE 1

combination of both.

The system shall contain the following data as a minimum:

This may be either a manual (paper) system or a computerized data-based management system or a

a) anode-zone layouts;
b) sensor type and location;
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Sensor data
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d.c. power unit rating;

initial (pre-commissioning) sensor readings;

commissioning data;

sensor data obtained since commissioning (at time intervals conforming to Clause 10);
d.c. power supply output data since commissioning;

event record (i.e. inspection dates, changes in system operation, etc).

ected

performance]

Computer da
data back-uf

The system
NOTE 2

The system {§

6.6 D.C.d
Single-core
NOTE1  TH
a) brown (o
b) black (or
c) grey (ora
NOTE2  N¢
d) blue forr
e) yellow or|
Multi-core c4

All cables sh
power suppl
detailed (i.e.
and the cabl

Cables shall

ahiainad and racorded shall ha compatiblawwith and cufficianttn anahla canfarmitvyta tha cal
Pt e aaR a8 66raea-5Haroe-copatinte-WinahRa-SuHHEleht+t6-8Radse-coRtoH R t6;t1e-561

criterion given in 8.6 to be assessed.

tabase management systems shall be provided with full documentation. Facilities for;auto
and archive shall be incorporated.

bhall be capable of presenting data/information in both tabular and graphical fapm.

Data superimposed on mimic diagrams (schematic plans and sections) may also-be.used.

bhall be capable of identifying data points outside pre-set (user defipable) limits on request.

ables

tables shall be colour coded according to their function:

e following colours are preferred:

alternatively red) from positive d.c. power to anode/eable connection;

alternatively grey) from negative d.c. power to reinforcement steel/cable connection;
Iternatively black) for monitoring test (reinforcement connection for monitoring) cable;
bgative d.c. power and monitoring test'eables may be of the same colour if of different sizes.
eference electrode cable (not red\or black);

other colour (not brown, red;-grey, black or blue) for other monitoring sensors.

bles shall be colourer number coded.

all be identified\in junction boxes and at their points of connection to monitoring equipmen
es. The identification shall be by proprietary cable markers and the identification shall be
pny code‘explained) in each junction box, monitoring unit and power supply unit. The identifig
b colours shall be fully documented on the as-built drawings and manuals (see 9.2).

meet the following requirements:

matic

t and
fully
ation

1

as appropriate to the maximum environmental temperatures;

2)

carry the design current +25 % within permissible temperature increases allowed under IEC 60502-1,

limit the voltage drop at 125 % of the designed maximum current in the cathodic protection system

circuit to a value compatible with the power supply voltage output and the anode/cathode voltage
requirements and provide uniform zone current distribution.

Zone anode current density shall be designed to be uniform to within 10 % of the nominal anode current density at all
locations within the zone; cable and anode volt drops should be calculated and designed to ensure such uniformity.

Minimum core sizes of multi-core cables for mechanical purposes, with all cables encapsulated in concrete, or

in conduit or

— d.c. posi

16

trunking shall be as follows:

tive and negative supplies 1,0 mm2;
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— monitoring cable 0,5 mm2;
— data networking in accordance with network standards.

If single-core cables are used, the minimum core size for mechanical purposes shall be 2,5 mm2,
All cable cores shall have a minimum of seven strands.

All cables shall have a minimum of a single layer of insulation and a single layer of sheathing which shall conform
to IEC 60502-1. The selection of insulation and sheath shall take due account of the proposed installation and
functional requirements. Cable to be installed in contact with anode material shall be suitable for long-term
exposure to acidic conditions, typically pH = 2, and those to be installed in concrete for long-term exposure to

alkali

NOTH
sulfor
insulg
such

they 1

6.7

Junc
agair
exter

Itis ré
or be

6.8

Whe
switc|

NOTH
a tran
or tur

suppl

he conditions, typically pH = 13.

3  Cables with insulation or sheaths of polyvinyl chloride (PVC), ethylene propylene rubber (E
ated polyethylene (CSP) or other rubbers are unlikely to be suitable for long-term use inpH\2 to 1
tion and sheaths of XLPE are likely to be suitable for long-term use. Insulation of very chemically resi
bs Kynar may be considered but these have disadvantages of cost and a tendency to erack at low tem
equire particular care with respect to large minimum bend radii.

Junction boxes

ion boxes shall be rated in accordance with IEC 60529 and IEC 62262 to render approprig
st the environment, taking into account the type of connectiofis)made within the box and th
hal environmental and mechanical exposure to which the boXis to be subjected.

bcommended that all junction boxes should be non-metallic and conform to IEC 60529 classi
(ter when exposed to external environments.

Power supplies

e mains electrical power is used, the d.cipower supply shall be provided by a transformer
h mode rectifier.

Other types of supply, such as diesel, wind, or turbine generators, may be used to generate a.c.
sformer-rectifier. Controlled d.c. supplies can be generated directly by thermoelectric or solar gener
bine generators may be used mwith rectification to provide a supply to intermittently charged battery s

current to d.c. controllers.

All p

wer supplies shall bereonstructed in accordance with relevant national or European stand

to electronic and measurement equipment and shall be provided with a valid calibration ¢
equipment shall be afdled, installed, commissioned and operated in accordance with the m
recommendations:

Powegr supplies/may be integrated with monitoring instrumentation and communication facilit
in orgler to provide remote monitoring of d.c power supply parameters and the cathodic prote
perfdrmance (see 8.6). This integrated monitoring and power supply system may provide for rem

the power st |pp|y d.c—oL |fp| it

PR) or chloro-
B. Cables with
stant materials
peratures and

te protection
e worst case

fication IP 66

trectifier or a

as a supply to
tors and wind
ystems which

ards relating
ertificate. All
anufacturer’s

es (see 6.4)
ction system
bte control of

6.9

Transformer-rectifiers

The transformer-rectifier unit shall be continuously rated, self-contained and suitable for the environment in
which it is to operate.

The unit shall be housed in a robust enclosure suitable for wall or floor mounting, as applicable. The enclosure
shall provide protection against the worst case environment in accordance with IEC 60529.

The incoming a.c. supply shall be terminated in accordance with the electricity supplier’s requirements and
National and/or European Standards.

NOTE For example, via an appropriately rated, double-pole neutral linked switch fuse or circuit breaker and residual
current device.
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The mains transformer shall be an isolating transformer conforming to IEC 61558-1, IEC 61558-2-1, IEC 61558-
2-2 and IEC 61558-2-4 continuously rated and suitable for connection to the low voltage a.c. supply. The
transformer-rectifier output shall not exceed 50 V d.c. with a ripple content not exceeding 100 mV RMS with a
minimum frequency of 100 Hz.

Equipment, which does not conform to the relevant parts of IEC 61558 because it is required by environment
or service to operate above an ambient temperature of 30 °C or to utilize oil or forced air cooling, shall in all
other aspects conform to IEC 61558-1, IEC 61558-2-1, IEC 61558-2-2 and IEC 61558-2-4. Equipment utilizing
auto transformers shall conform to IEC 61558-2-13 and equipment utilizing switch mode power supplies shall

conform to IEC 61558-2-16.

The rectifier

protection. R
of at least 6(
shall be sep
systems plaq
barriers, obs
not exceed 2
protection of

The output
potentiostati

shall conform to anpronriate national or lnternational Standards with suitable a c _and d.c
rr Ll

ectifiers shall be rated for continuous operation at the specified outputs with a peak inverseg vg
0 V. Varistors shall be compatible with the rectifier peak inverse voltage levels. The d:c. ci
brated from those of any other system (e.g. the incoming a.c. supply). For cathodic-protg
ed in locations accessible to persons or animals, and where preventative measures, su
facles or electrical insulation, are not provided, the output from the transformerfectifier unif
4\ d.c. with a ripple content not exceeding 100 mV RMS. This shall specifically apply to cat
reinforced concrete structures and buildings where conductive-coating @node systems are

control from zero to full rated output.

~

urge
Itage
rcuits
ction
th as
shall
hodic
Lsed.

hall be controlled to provide stepless (<0,1 % of full range) constantvoltage, constant current or

A d.c. relay| system interrupting the output shall be provided to facilitate “instantaneous off” potential
measuremerjt [see 8.6 a)].

NOTE 1 F4cilities to link this system to the control signals from data logging equipment may be provided.

Facilities shdll be provided to enable portable instrumentation.to be used for measurement of the following:

a) output vpltages;

b) output clrrents (by voltage drop across a shunt resistor with an accuracy of +0,5 % or better);

c) steel/cofcrete potential with respect to thelreference electrodes.

NOTE 2  F4cilities may be used for measurement of:

i)
i)

The function
shall be labe

NOTE 3  Pg
Calibration ch

steel/concrete potential with_respect to potential decay probes;
coupon or probe/reinforcément current.

and rating of all sockets and the multiplying factor of all shunts shall be clearly marked. All
led with circtit designation and fuse characteristics.

rmanentlyinstalled digital panel meters may be used to measure the data required in items a)
bcks,on-a regular basis are necessary.

fuses

to c).

A minimum

bf“One positive and one negative terminal for cable connections shall be provided. All g

utput

terminals shall be fully insulated from any metal within the box.

The connectors shall be clearly marked:

e.g. + ANODE” and “~ STEEL.

It is recommended that the positive and negative terminals should be of different sizes in order to avoid

transposition

of cables.

LEDs (light emitting diodes) or other means of indicting a.c. power supply “on” and d.c. output “operating”
shall be provided.

For equipment with multiple transformer-rectifiers or multiple channels, each transformer-rectifier and channel

shall be fully

18

identified and shall conform to this subclause.
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Tests shall be conducted at the manufacturer’s works to demonstrate full functional conformity and fitness for
purpose. The tests shall be arranged to represent realistic on-site working conditions and the results shall be
fully documented and shall constitute part of the permanent records for the works.

All electrical tests shall be carried out in a manner prescribed by the relevant national or European Standards.

7 Installation procedures

71

or other works shall be continuity tested, and any bar or component tested failingthe test shall

bond
discr
teste

Alter
to me
withdg
shall
two s

Cont

The
shall
and

All arn
eithe

Elect
imprg

Atten
cond
Cont

Electrical continuity

ben reinforcing bars or elements of steel in concrete shall be tested by a d.c. reverse pelari
urement technique, by measuring the resistance using a d.c. resistance instrument and.then
ty of the test leads, or by a d.c. potential difference measurement technique. The acceptan
testing shall be stable values and a resistance less than 1,0 Q. All steel exposed_during co

ed to ensure long-term resistance of 1,0 Q or less. At additional representative locations i
bte part of the structure, sufficient reinforcement and any other embedded steel shall be
 at selected locations to determine the general level of electrical continuity of the reinforce

natively, a potential measurement technique may be used with & fixed-location reference el
ut moving the reference electrode, connecting to another.steel bar or element. The accep

teel bars or elements.

nuity testing and bonding, as necessary, shall be applied to all steel exposed during concre

be assessed in order to determine whetheradditional reinforcement/steel should be expos
ossible bonding.

cillary steel fixed to or part of the cancrete structure (e.g. embedded steel beams, bearings, dr
" shall be continuity tested as above and bonded if required or shall be bonded in accordancsg

Fical contact shall be prevented between reinforcement or ancillary steel and the anode s
ssed current cathodic protection system.

tion should be givene the location, removal or insulation of steel in the surface of concrete
Lictive coatings fincluding conductive overlays or sprayed zinc impressed current) anodes ar
bct between an.impressed current anode and such steel will either result in short-circuits be

be stable potential measurements with a difference of less'than 1 mV when connections are

ontinuity testing results, all available construction drawings, the nature of the structure and its

ital continuity

y resistance
eversing the
e criteria for
crete repairs
e continuity
each unit or
xposed and
ent/steel.

pctrode used

asure steel/concrete/electrode potential connected to one reinforcement bar or element of steel and then,

ance criteria
made to the

le repairs.

construction
bd for testing

hinage pipes)
with 7.3.

ystem of any
particularly if

e to be used.
fween anode

and reinforcement-causing a failure of that cathodic protection zone or in corrosion of isolated stgel.

7.2 |Performance monitoring system

Eacr-\ za8na aof tha imnracond cathadis nratantinn cvctam Ar At ranrncAntativa aranc far cvuctamco uith alVaniC
\Lzehe-of the-impressed-cathodic-protection-system-oratrepresentative-areasfor-systems-Wwith g

anodes shall be provided with the means necessary to monitor its power supply output voltage and output
current and its steel/concrete potential using a minimum of 2 reference electrodes (6.3.1) permanently
embedded at representative locations.

NOTE 1 Each zone may also be provided with potential decay probes to monitor potential decay, with corrosion coupons
to measure anodic or cathodic current density on parts of the reinforcement/steel or with other methods to measure or
assess corrosion rate or extent of cathodic protection. The data collection system may be manual, electronically data
logged and/or electronically data transmitted.

The permanently installed performance monitoring system shall be located so that representative data can be
assessed at typical intervals in accordance with Clause 10.

NOTE 2  This assessment may involve manual data collection, recording data collection with portable equipment or
locally, area networked/modem linked, permanently installed data logging systems.
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The extent and locations of deployment of the permanently installed performance evaluation system shall be

in accordanc

e with the design. The areas addressed shall include the following:

a) high probability to corrosion or under-protection;

b) high probability to excessive protection;

c) high corrosion risk or activity.

NOTE 3  The data from or the performance of permanently installed reference electrodes, coupons or other sensors,

are likely to be adversely affected or rendered non-representative by placement in or adjacent to concrete repairs
incorporating reinforcement or other embedded steel.

Reference e
no alternativg
Typically refd
incorporate {

Permanently

be calibrated.

7.3 Connections to steel in concrete

Each zone

connections
connection t
or portable ¢

The electricd
be tested an
exposure for

NOTE
required in ac

The cable ¢
cable/reinfor

7.4 Concy
Any concret

sensors and
to Clause 5 4

7.5 Surfa¢

Continuity between the negative connections_of different zones of a cathodic protection system m

ectrodes and other sensors shall not be placed in, or close to, concrete repairs unless they
b locations. In the vicinity of the sensor, concrete surrounding the steel shall remain undistu
rence electrodes should, if possible, be placed a minimum of 500 mm from concrete repairs
teel.

installed reference electrodes, and other sensors that can be calibrated prior to installation,

bf the cathodic protection system shall be provided with multiple (@ minimum of 2) neg
of cables to reinforcement/steel for the cathodic protection<current and a minimum of ong
b the reinforcement/steel for measurement of steel/concrete’ potentials with respect to perm
lectrodes.

| continuity between all negative connections and test connections of each individual zone
1 shall be 1,0 Q or less. If this requirement is.notinitially achieved, additional reinforcement
testing and bonding shall be undertaken in accordance with 7.1.

cordance with the particular design.

pnnections to the reinforcement.and steel shall be made by methods providing a long
cement or steel resistance oftess than 0,01 Q.

'ete repairs associated with the cathodic protection components

)

b repairs associated with the installation of performance monitoring system electrodes,
the connections, to steel in concrete shall be undertaken using methods and materials confo
nd EN 1504.

Ce preparation for anode installation

e are
rbed.
vhich

shall

ative
b test
anent

shall
steel

Ay be

Hterm

other
ming

The concrete

surfaces intended to receive installation of anode material, e.g. conductive coatings or acti

vated

titanium mesh within a cementitious overlay, shall be prepared so as to present, as a minimum, a clean,
non-friable surface and in order that the substrate to overlay adhesion shall be as in 5.11. (See EN 1504.)

Cathodic protection conductive coatings generally require a minimum of preparation to leave a maximum of
cement paste and minimal exposure of aggregate and should be as specified in the coating product specification
and the cathodic protection system specification.

Anodes installed for the protection of steel in buried or immersed concrete may themselves be buried or
immersed and may be quite remote from the structure, as in EN 12473, EN 12954, EN 12495 and EN 12474.
In these applications, the concrete surface needs no surface preparation. However, the surface may require
excavation for visual inspection and confirmation that there are no coatings or water-proofing membranes
applied to the concrete surface which would prevent the passage of cathodic protection current to the steel in
the concrete.
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7.6 Anode installation

The anode system shall be installed by methods and under controlled environmental conditions which can be
demonstrated by trials or past projects to enable the requisite anode performance to be achieved. The anode
system shall be installed in accordance with the design method statements or specification for installation.

Particular attention shall be given to the avoidance of short-circuits between the anode system and any
reinforcement steel, ancillary metallic components or reinforcement of tie wire or debris steel in the concrete
for impressed current systems.

After conductive coating or cementitious overlay or embedded anode applications, the atmospheric conditions

and

oncrete surfaces shall be maintained at temperatures and humidity or moisture levels

ecessary to

ensu

Prior
anod
circu
curre

7.7

Each
cablg
the p

The

dens
conn
ensu

The anode/cable (or anode to reinforcement incgalvanic anode applications) connection system

type
anod

In ea
with
whet

A 10

'e proper curing/solvent loss/water evaporation of the anode and/or overlay.

to application of any overlay, surface sealant or decorative coating over the anode

e/cathode resistance and potential difference shall be measured in order to determine w
ts have been established and, if so, they shall be detected and corrected before further work f
nt systems or galvanic systems or anode zones that require isolation for monitoring purpose

Connections to the anode system

zone of the impressed current cathodic protection system shall be provided with mul
/anode connections such that the failure of any one anode/cable‘connection shall not signif
erformance of the cathodic protection system in that zone.

ailure of any one anode/cable connection in a zone sheuld not reduce the local zone a
ty by more than 10 % of the nominal anode current density at any location within the zone;
ctions should be designed and located and also“¢able and anode volt drops should be
e such uniformity.

bnd installed to such standards, as can be’demonstrated by trials or past projects to enable
e and anode/cable connection perfartance to be achieved.

ch individual zone, the electrical resistance of all anode/cable connections shall be tested a
calculated values for the particular anode type and distribution. Data shall be assessed
ner additional testing or additional anode/cable connections are required.

D % visual inspection‘shall be undertaken of the anode system, including all related cabl

bystems, the
hether short-
pr impressed
S.

tiple positive
cantly impair

hode current
anode/cable
designed to

shall be of a
the requisite

hd compared
to determine

s and cable

conngctions, prior to application of any coating or overlay.

7.8 | Anode overlay, surface sealant or decorative coating application

Any fequisitetariode overlay, surface sealant or decorative coating shall be applied by methods and under
contrplled conditions which can be demonstrated by trials or part projects to enable the requisife anode and

overl

for inctallot ~An

!

hy; sealant or coating performance to be achieved and in accordance with the design method statements

or speeifieation

i1 tH
CormCatroTT TOT mrotanmatroT .

For cathodic protection systems employing anode systems as outlined in 6.2.2.2, following repair as specified
in 5.10, and anode installation in accordance with 7.5, 7.6 and 7.7, a cementitious overlay shall be applied
over appropriate types of installed anode. All materials and application methods shall be in accordance with
EN 1504. The average bond strength between existing concrete and overlay shall be greater than 1,5 MPa and
the minimum shall be greater than 1,0 MPa, or the test failure shall be within the existing concrete. Overlay
application may be combined with concrete repair (5.10),

NOTE If the substrate concrete cohesive strength fails at lower values than 1,5 MPa average and 1,0 MPa minimum,
the use of cementitious overlay may be inappropriate.
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7.9 Electr

ical installation

All electrical installation works shall be undertaken in accordance with International (or other applicable
National) electrical safety standards.

NOTE 1

powered by an electrical supply from a mains voltage distribution system.

NOTE 2
in accordance

with IEC 61140.

The electrical power supply for the cathodic protection system may be provided by transformer-rectifier(s)

The d.c. and monitoring cables of a cathodic protection system are all classified as “extra low voltage” (ELV)

In addition to the particular requirements of the cathodic protection system, the following electrical safety

measures sh

a) mains v(

with locd
b) cabless
c) cables g
NOTE 3 In

by steel wire 3

d) exceptf
enclosu
e) connect
rating bg
entries,
NOTE4 C

rating above
connection as|

f) it shall b
be perm
connect

projects

anode g
contact
content
h) equipme
with nati

NOTES TH
full conformity,

Al be applied 1o all nstanations:

Itage cables shall be electrically isolated and separated from low voltage d.c. cables in.accord
| regulations;

hall be uniquely identified at the d.c. power supply, at any junction box and at theig-point of conne
hall be adequately supported and protected from environmental, human and animal damag

locations where there is high risk of damage, cables may be embedded into eohcrete or may be pro
rmouring.

br the cable connections covered in item f), cable connections shall only be made at locatid
es or junction boxes;

ons inside boxes, whose construction and/or installation renders their environmental protg
blow the worst case external environmental exposure; including boxes with non-sealed cq
shall be made by methods suitable for long-term water immersion;

nnections inside water resistant or sealed boxes.constructed and installed with an environmental prot

semblies.

anently embedded in an overlay material to be installed without junction boxes if the anode/
on and its method of electricat/imechanical/moisture sealing can be demonstrated by trials o
to enable the requisite perfermance to be achieved;

ystems for which there) is no overlay or electrical barrier to prevent direct human or a
E£.g. conductive coating, shall be limited to a supply voltage of 24 V d.c. with a maximum
pf 100 mV RMS;

nt shall be marked with all relevant electrical safety/testing/maintenance markings in accord
onal andinternational Standards;

e electrical characteristics required of the low voltage d.c. circuits of cathodic protection systems may 1
to-European (or National) electrical safety standards inappropriate in one respect; the normal requirg

ance

ction;

D

ected

nsin

ction
nduit

bction

the worst-case external environmental exposure may utilize copper or brass threaded or propiietary

e permissible for anode/cable connections for anodes, e.g. activated titanium mesh, which are to

cable
" past

nimal
ipple

ance

ender
bment

for isolation b

etween all power CIrcults and the safety eartn. Tnis IS due 10 the nedative pole ot the catnhodiC prot

ection

circuit (the steel reinforcement or embedded steel) often being electrically earthed (connected to the safety earthing or
lightning protecting system), thus preventing the normal requirement for isolation between all power circuits and earth.

7.10 Testing during installation

Testing in accordance with the quality plan (see Clause 4) shall include the following for the cathodic
protection system:

a)

b)

polarity checks for all circuits (the results shall be unambiguous);

within £10 % of those calculated from cable and component values);

22

© 1SO 2012 — All rights re

continuity checks for all circuits, (the results of which shall demonstrate individual circuit resistance values

served


https://standardsiso.com/api/?name=49d86515d379629d43fe027fb044eacd

ISO 12696:2012(E)

c) insulation checks for all circuits of impressed current systems and at the monitoring areas of galvanic
systems, which may have to be undertaken prior to connections to either anode or reinforcement/steel,
and which shall demonstrate the electrical isolation of d.c. positive cables from d.c. negative cables.

NOTE Reference electrodes and rectifier circuits may be damaged by insulation checks. Reference electrodes may be

damaged by continuity checks. The intended low resistance between anode and reinforcement/steel and between adjacent
zones anode or cathode circuits renders conventional electrical circuit insulation and continuity testing inappropriate (see
NOTE 5 of 7.9).

The mains voltage electrical power supply system and the transformer-rectifier(s) providing low voltage d.c.
to the cathodic protection system shall be tested and documented for electrical safety in accordance with

International and national electrical safety standards.
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any baseline data/from additional sensors installed as part of the performance monitoring sy

monitoring system.

flommissioning

Visual inspection

athodic protection system and all its component parts shall be subjected-to a complete visu
uried or embedded elements, before backfilling or concreting, for immersed elements by,
ra) confirming that all components and cables are installed properly; labelled where apq
cted from environmental, human or animal damage.

Pre-energizing measurements

to energizing, measurements shall be made and recorded in accordance with the qual
be 4) and shall include the following for the cathodic.priotection system:

otential of steel/concrete with respect to permahently installed reference electrodes and pg
robes. Measurements shall be taken at low (about 10 MQ to 20 MQ) and high (about 500 MQ
hput impedance to determine whether the(Contact resistance of the reference electrode or
oncrete will adversely affect the perforthance of the electrode or sensor.

The difference in potential betwegen low-impedance and high-impedance measurements shoul
han 10 mV.

otential of steel/concrete with respect to portable reference electrodes at any location dete
esign method statements-or specifications;

otential of steel/concréete with respect to the anode system;

roving ofiany electronic data logging and/or data transmitting facility installation as part of the

ractures significantly affected by variable environmental factors, such as tide, temperature, su

al inspection
diver and/or
ropriate and

ty plan (see

tential decay
to 1000 MQ)
sensor to the

d generally be

rmined in the

stem;

performance

face wetting,

otential data

fluct
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over periods sufficient to record the effects of the variable environment; this may typically be 24 h. If significant
potential changes are detected, these should be considered when determining whether all data measurements
in subsequent monitoring in 8.4, 8.5, 8.7 and 10 should incorporate recoding data over extended periods.

8.3 Initial energizing of impressed current systems

The system shall not be energized until the concrete of a new construction and any cementitious overlay has
been adequately cured or any conductive coating has achieved adequate solvent release/cure.

NOTE For new constructions, this period normally corresponds to 28 days after placement at 20 °C (or longer at lower
temperatures), for cementitious overlays this period normally corresponds to 14 days after placement at a temperature of
20 °C. For conductive coatings, this period will normally correspond to 48 h with adequate ventilation.
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The cathodic protection system shall be energized initially at low current (about 10 % to 20 % of design current).
Measurements shall be made and recorded in accordance with the quality plan (see Clause 4) and shall

include the following:

a)

the potential of the steel/concrete with respect to all permanently installed reference electrodes and with

respect to portable reference electrodes at any location determined in the design method statements or
specification;

protection systems;

confirmation that the polarity of all values conform to the quality plan and design and that the steel/con

the output voltage and current values of all d.c. power supplies providing current to the cathodic

crete
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b)

s, measured with respect to all permanently installed reference electrodes, potential decayp
Ny portable electrode locations measured, shiftin a negative direction from the values measu
hce with 8.2 a) and b). If any steel/concrete/electrode potential values shift in a positive-dire
Il be investigated to determine any requirements for additional testing and/or remedial work

adjustment of impressed current systems

hall be energized to a level of current estimated to enable the cathodic-protection system to
ce objectives. See Note 1 and 2.

is may be a precalculated level of current (e.g. a particular cathode current density) or it may be based
bf the system when first energized (e.g. to achieve a negative poténtial shift of 200 mV or more meg
ht “ON”). Alternatively, the system may be polarized for a short time ‘and then adjusted to a potential s
50 mV measured “Instantaneous OFF”.

bw polarization at a relatively low current density may be beneficial to long-term performance.

shall be operated at these initial settings of @urrent which shall be maintained prior to
assessment, for a sufficient period to achieve significant polarization.

e period is typically between 7 and 28\days after initial energizetion although, if a slow polari
cy (low initial current) is adopted, full pelarization may require longer than 28 days.

performance assessment

iod of initial polarization((see 8.4), the initial performance assessment shall be undertak
vith the quality plan. This ‘assessment shall include the following:

ment of output valtage and current supply to each zone of the cathodic protection system arn
pn therefrom ef\circuit resistance;

ment of “nstantaneous OFF” (IR free) potentials (measured between 0,1 s and 1 s after swit
ircuit open) at all permanently installed reference electrodes and any other locations indicated
an a short period after switching open the d.c. power supply circuit to the cathodic protection sy
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before measurement to avoid any transient voltage arising from switching surges, capacitance or resistance
effects that would affect the measured values. This waiting period shall be sufficiently short to avoid significant
depolarization.

Typically, measurements of “Instantaneous OFF” are taken between 0,1 s and 0,5 s after switch “OFF” but
appropriate values will vary from system to system and with the extent/period of polarization. The measurement
period (for digital “counting”) should be sufficiently short to avoid significant depolarization during the
measurement period but of sufficient length not to degrade the accuracy or noise rejection capability of the
measurement system. Whilst the typical measurement periods are between 0,1 sand 0,5 s, calibration and other
instrumentation calculation steps may dictate a longer period than this between subsequent measurements.

c) measurement of potential decay after switching the cathodic protection d.c. supply to constant open circuit.
The period of potential decay and the intervals for measurements of steel/concrete/electrode potentials
shall be as indicated in the quality plan.
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NOTE 1 Typical periods of decay are 4 h to 25 h with measurements taken at some orall of 0,5h, 1 h,2h, 3 h,4 h, 23 h,
24 h and 25 h after switch “OFF”, as appropriate, to determine the extent of potential decay and the rate of any ongoing
decay at the end of the selected period.

NOTE 2 For buried (particularly those buried in wet conditions or impermeable clays) and immersed structures and for
atmospherically exposed structures that incorporate a surface coating that limits oxygen availability within the concrete,
potential decay may be very slow and may extend to weeks. In the extreme, oxygen availability at the steel may not be
sufficient to maintain passivity of the steel/concrete interface and the potential may “rest” at a relatively negative value. In
these conditions potential decay may not be a practical protection criterion.

Potential shift (see 8.4, Note 1) may be equivalent to potential decay but only if the initial potential (“natural” or
“as found” from which the potential shift is measured) is determined immediately before energizing the cathodic
protefctt ifthi i : i i exercised if
potential shift measurements are used as a protection criterion on buried, immersed, water saturated or coated
structures as the “natural” or “as found” potential may be subject to very significant negative.potential changes
as oXygen is depleted within the concrete. Negative potential shifts of 200 mV to 300 m\/-are’quite|possible due
to oxygen depletion without the application of cathodic protection.

easurement of parameters from all other sensors installed as part of the perfarmance monitpring system;
easurement of “ON” steel/concrete potentials (including IR drop) if required in the quality plan.

NOTH 3  During measurement of “Instantaneous OFF” potentials, it may be hecessary to switch the d.d. power circuit
off anld on to facilitate sequential measurements of a number of steel/concreté/electrodes.

The off:on time ratio of any such switching regime used for “Instantaneous OFF” potential measufements shall
be a minimum of 1:4

NOTH 4 Typical values for manual data collection are 3 s off, 12 s on. For electronic data collection, it is pdvantageous
to link the data logging system to the switching system, in‘order that measurement waiting periods and|measurement
periodls are accurately related to the instant of switch off>Longer switching periods would slow data collgction and risk
depolgrization during the off period.

8.6 | Criteria of protection: Interpretation of performance assessment data

The data collected in accordance with 85 shall be reviewed and interpreted in respect of the follqwing or such
criterja as modified by the particularrequirements of the structure, its environment or developing expertise in
respect of criteria of protection for steel in concrete.

No instant off steel/concreté potential more negative than —1 100 mV with respect to Ag/AgCl/0,% M KCI shall
be permitted for plain reinforcing steel or —-900 mV for prestressing steel.

NOTH 1 Prestressingsteel may be sensitive to hydrogen embrittlement and, due to the high tensile loading, failure can
be catastrophic. Itis‘€Ssential that caution is exercised in any application of cathodic protection to prestregsed elements.
For galvanic systems using zinc anodes, the degree of excessive polarization is naturally limited and this should normally
be sufficient to-keep the steel/concrete potential below the potential limit of —-900 mV vs. Ag/AgCl/0,5 M KCJ.

For gny’structure, any representative steel in concrete location shall meet any one of the crilleria given in
itemd a)to c)

a) an “Instantaneous OFF” potential more negative than —720 mV with respect to Ag/AgCl/0,5 M KCI; or
b) a potential decay over a maximum of 24 h of at least 100 mV from “Instantaneous OFF”; or

c) a potential decay over an extended period (typically 24 h or longer) of at least 150 mV from the instant
off subject to a continuing decay and the use of reference electrodes (not potential decay probes) for the
measurement extended beyond 24 h.

NOTE 2 It is not necessary to meet more than one item of a), b) or c).

© 1S0O 2012 — All rights reserved 25


https://standardsiso.com/api/?name=49d86515d379629d43fe027fb044eacd

ISO 12696:2012(E)

NOTE 3

In systems where activated titanium anodes are used, the steel/concrete potential limit (-1 100 mV or —900 mV),

as above, may be verified by measurement of the anode/concrete potential and the transformer-rectifier output voltage,
taking account of cable volt drop values.

NOTE 4

Criteria, a), b) and c) are not necessarily supported by theoretical considerations but are a non-exhaustive,

practical series of criteria to indicate adequate polarization which will lead to the maintenance or re-establishment of

protective con

NOTE 5

ditions for the steel within the concrete.

As an investigative criterion it may be considered appropriate to seek a steel/concrete potential in a fully

depolarized structure after the cathodic protection system has been switched off for a long period (typically 7 days or
longer) less negative than —150 mV with respect to Ag/AgCl/0,5 M KCI.

NOTE 6

Th

ose-criteria—as discussedinitems-a) bl and o)l above mavha disruntad by the nrasence of concreter
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NOTE8 Fd
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detailed in 8.5

equivalent to g
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If the interpr
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shall be mad

reinforcement or other steel within 0,5 m of the point of measurement of potential. This should be ay
erence electrodes and other sensors away from concrete repairs wherever possible.

e criteria given in items b) and c) above may be invalidated by variations in temperatute; and mg
variations, themselves, can be the cause of significant changes in steel/concrete potentials.

criteria given in items b) and c) above may not be practical due to the very slow rate of depolarizati
Note 2. Similarly, as detailed in the paragraph below Note 2 in 8.5, potential-shift measurement may

otential decay over a limited time period and changes in the “natural” or “asfound” due to oxygen def
Fious errors in assessment of potential shift.

etation of the performance assessment data in accordanee with 8.6 indicates that criter
e achieved, no further measures are necessary. If theyrare not achieved with galvanic 3
re it is not possible to increase current to the steel theti-a further assessment of corrosio
e. If a corrosion risk is identified then steps shall be.taken to increase the protection curre

supplementing the galvanic anode system, to minimize this risk.

NOTE 9 In
in the air reac|
potential shift
from a small |
measured at t

NOTE 10 P4
trend in corrog

NOTE 11 Ad
(if this is poss
anodes, if pos

atmospherically exposed concrete (when the corresion process is not limited by the rate at which o
hes the steel), the steel corrosion rate may be estimated by inserting the applied current density and
into the Butler Volmer equation. The applied\current density may be obtained from the current del
egment of the anode system and an estimate of the steel potential shift is given by the steel potential

ne same anode segment. See Referepce.[16].

ssive steel is indicated by a corro$ion rate of less than 2 mA/m?2 and preferably less than 1 mA/m2. A
tions to take if a corrosion-isKis identified include turning the galvanic system into an impressed current s

ble), installing more gatvanic anodes or applying a temporary electrochemical treatment (using the g4
Eible) and a temporary‘power supply. The options available will depend on the galvanic anode system us

8.7 Adjustment of protection current for impressed current systems

If the interprs
protection arf
the criteria o

ptation-efsthe performance assessment data in accordance with 8.6 indicates that the crite
e achieved, no immediate measures are necessary, subject to the requirements of Clause
pratection are not achieved or are judged to be at risk of not being achieved in the future, fu

oided

isture

r structures, such as buried, immersed or coated structures, where oxygen availability within the concrete
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ion rate combined with a risingtrend in corrosion potential is also a sign that protection is being achig¢ved.

ystem
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ed.

ria of
10. If
rther

adjustments
performance

NOTE

fthecurrentoutput shattbe made, tobe fottowed, ammimmumof 28 daysthereafter, by tep
assessments, as specified in 8.5 and 8.6.

eated

It is emphasized that long-term polarization arising from long-term cathodic protection will result in a reduction

in the requirement for current and a reduction in the rate of potential decay occurring when switching off the system.

9 System records and documentation

9.1

Quality and test records

The quality plan, the quality documents arising therefrom, the visual inspection and the test results shall all
form part of the permanent records of the installation of the system.
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9.2 Installation and commissioning report

An installation and commissioning report for the cathodic protection system shall be prepared and shall
incorporate, as a minimum, the following:

a) a general description of the works, the parties associated with the works (e.g. client, design engineer,
supervising engineer, contractor, subcontractor(s)) and the key personnel responsible for the design,
supervision and commissioning of the cathodic protection system and their respective responsibilities;

b) a copy of the method statements and/or specification and drawings in accordance with which the system
was installed and commissioned indicating all deviations or variations therefrom and a copy of the design
data calculations [see 4.3 a)] if available;

C) detailed description of the installation and commissioning works including key dates;

d) as-built drawings detailing the installation and its components in sufficient detait-{o"facilitate all future
equirements for inspection, maintenance, and reconstruction of the system and its major cdmponents;

e) all measurements/test data taken before and while the system was energized and duripg the initial
gystem performance assessment, together with the performance asséssment data used and the
interpretation of the data;

f) @ record of the “as-left” operating conditions of the system;
Q) ]1 copy of the permanent records (specified in 9.1);
h) fecommendations for any revisions to the cathodic protection system.

NOTH Other documents may also be included as considered necessary.

9.3 | Operation and maintenance manual

An dperation and maintenance manual for _the cathodic protection system shall be prepar¢d and shall
incorporate, as a minimum, the following:

a) a detailed description of the system and a set of the “as-built” drawings;
b) details of recommended routine maintenance and inspection intervals and procedures (see Clause 10);

c) recommended interval§ and procedures for future performance assessments and the interprgtation of the
data therefrom;

d) proformas or cemputer data formats for all recommended routine maintenance, inspection and performance
assessment:activities;

e) error finding procedures for errors within the cathodic protection electrical power supply (a.c. 4nd d.c.), and
for short=circuits and open circuits in the cathodic protection system;

gging/control

g) a list of the major components of the cathodic protection system with data sheets and the source(s) of
spare parts and/or maintenance for these components and for the overall system;

h) all information, passwords and protocols required for the long-term connection to and operation of any
monitoring and control system.

NOTE Other information may also be included as considered necessary.
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10 Operation and maintenance

10.1 Intervals and procedures

The operation and maintenance inspection and testing intervals and procedures shall be as recommended in
the operation and maintenance manual (see 9.3) or, as subsequently modified, based upon the performance
of the system.

NOTE 1 The intervals and procedures for routine inspection and testing vary from one cathodic protection system
to another, dependant upon the structure type, the cathodic protection system type, the reliability of power supplies
(impressed current systems), the reliability of the galvanic anode in that environment and the vulnerability to accidental or
deliberate megtranicatoretectricatdanTage:

Those systems provided with electronically data logged or electronically data transmitted perfornjance
monitoring systems may require less frequent physical inspection, as routine testing can be underfaken
automatically.

It can be considered to extend the intervals between routine inspection and testing if mo lerrors, damapge or
significant vgriation in system performance are indicated by successive inspections/tests.

NOTE 2 Lgng periods of satisfactory operation result in significant polarization and repassivation of the steel in corcrete.

Routine inspgction procedures shall be as follows:

a) Function check: To comprise the following:
1) confirmation that all systems are functioning;

2) meTsurement of output voltage and current to each' zone of the impressed current cathodic
profection system;

3) assessment of data;

b) Performance assessment: To comprise the following:
1) megsurement of “Instantaneous OFFE” polarized potentials;
2) megsurement of potential decay;

3) meIsurement of parameters from any other sensors installed as part of the performance
monitoring system;

4) a fu]l visual inspection™of the cathodic protection system;
5) assgssment of data;

6) adjustmenief current or voltage output for impressed current systems.

All inspections-and testing shall be in accordance with Clause 8.

Typically, the function check shall be undertaken monthly in the first year of operation and, subject to satisfactory
performance, thereafter at 3 month intervals. Typically, the performance assessment shall be undertaken at
3 month intervals in the first year of operation and, subject to satisfactory performance and review at 6 month
to 12 month intervals thereafter. After the first year, the visual inspection may be deleted from the performance
assessment but should remain in the system review (10.2).

At concrete temperatures below 0 °C, potential monitoring may be impossible. The dates for performance
monitoring should be selected to avoid measurements at such cold weather.
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10.2 System review

The inspection and testing works shall comprise the following at maximum intervals of 12 months:
a) areview of all test data and inspection records since the previous review;

b) performance assessment in accordance with 10.1 b);

c) visual inspection of the cathodic protection system;

d) areview and interpretation of the data generally in accordance with Clause 8;

e)

b) e data collected;

c) data interpretation and recommendations for any changes t{o)the operation and maintenanfe or system
eview intervals and procedures;

d) recommendations for any changes to the cathodic protection system.
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Annex A
(informative)

Principles of cathodic protection and its application to steel in concrete
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to-the reinforcement/steel, to measure steel/concrete/electrode potentials.

A.2 Criteria for protection

If environmental conditions which favour the occurrence of corrosion of the reinforcement/steel are likely to
occur during the lifetime of the structure, or occur during service, cathodic protection is one method of preventing
corrosion of steel in concrete. Sufficient corrosion protection is given if specific criteria of protection are met
at representative points on the structure. The criteria of protection in this International Standard are based on
electrochemical considerations regarding corrosion processes and on practical experience. In practice, two
cases are distinguishable. If the aim of cathodic protection is improvement of the corrosion resistance of steel
in reinforced and prestressed concrete structures that are expected to become contaminated by chlorides
during their service life, a small cathodic polarization of the steel/concrete interface should be applied early on
in the service life. This polarization should maintain the steel/concrete potential lower than (more negative than)
Epit to prevent the initiation of corrosion. The negative polarization achieved also limits or prevents migration of
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the chloride ions to the steel, thereby preventing them from depassivating the steel if the cathodic protection
anode system is on the surface through which the contamination will arise. This cathodic protection measure
is sometimes called “cathodic prevention” and applies to new structures or structures in service where the

chloride ions have not reached the steel and depassivation has not yet occurred.

In older structures with corroding steel, cathodic protection is part of the rehabilitation concept and is aimed to
decrease the corrosion rate of the steel from significant to negligible values. For this purpose, the steel/concrete
potential should be lowered (made more negative) to values in the range of the protection potential Epot.
The corrosion potential Ecorr and the protection potential Eprot are dependent upon environmental conditions
(chloride content, pH at local anodic sites, temperature, oxygen content, humidity). Based on the complex
interaction of these factors and also practical experience, the definition of one precise protection potential is

|mp0 b;IUiC dlld dibU ullllUbUbbdly fUI bdti IUUI;La PIU‘lUbt;UH Uf btcci ill bUIIbIUtU. it ;b t;lib bUIIIpiCA
factofs that dictates that a range of criteria are properly required for cathodic protection of stegl in|

is reflected in 8.6.

Figures A.1 to A.3 illustrate these factors.
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Figure A.1 — Schematic illustration of the anodic behaviour of steel in the presence of chloride
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Figure A|2 — Values of Epjt and Eprot meﬁ)}ed on steels buried in sand, covered with saturated
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Schermnatic illustration of evaluation paths of potenﬁQ.and chloride content on steel/reinforcement surface during|service life for:

Area A: Pitting initiates and propagate€)\\

Area B: Pitting does not initiate h@répagates.

Area C: Pitting does not initi@ and propagates.

Area D: Hydrogen emtégn;ent risk to high-strength steels.
Area E: Reductio@%teel/concrete bond.

Cathodic pre?gizn (1525 3).

Cathodi tection restoring passivity (1 — 4 — 6).

C@ic protection reducing corrosion rate (1 - 4 — 5).

Cathodic prevention is applied from the beginning at 1, Cathodic protection only after corrosion has initiated at 4.

Figure A.3 — Pitting potential vs. chloride content in percentage by mass of cement, after

Pedeferril17]

A.3 Current density required for “cathodic prevention” and “cathodic protection”

“Cathodic prevention” current density is approximately one order of magnitude lower than that required for
cathodic protection. This is not only because the steel/concrete potentials required for cathodic prevention are
less negative than those required for cathodic protection but also because passive steel is more easily polarized.

© 1SO 2012 — All rights reserved

33


https://standardsiso.com/api/?name=49d86515d379629d43fe027fb044eacd

ISO 12696:2012(E)

Typical cathodic prevention current densities range between 0,2 mA/m2 and 2 mA/m2 compared with 2 mA/m?2
to 20 mA/m2 for cathodic protection on existing corroded structures with uncoated steel. For organic-coated
steel, these current densities are reduced further as determined by the coating conductance and the extent of
any coating damage. Coating deterioration may continue.

A.4 Cathodic protection for steel in buried or immersed concrete structures

Cathodic protection for steelin buried orimmersed concrete follows the same basic principles as for atmospherically
exposed concrete described above. The principle difference is that the concrete is likely to become water
saturated, which will result in reduction in oxygen content at the steel surface under normal exposure conditions,
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become very negative and the current required for cathodic protection will be reduced.

rrent density required for steel in concrete that is buried or immersed for protection may be,
LIly water saturated, considerably less than that required for atmospherically expéséed con
nt densities range from 0,2 mA/m?2 to 2,0 mA/m?2 for new structures (before gdesrosion initi
rated conditions. For structures that are not fully water saturated and arercorroding befor
f cathodic protection, current densities may be as high as those for atmospherically exp
to 20 mA/m?2.

ensity is also dependent on whether the concrete is fully immersed éowhether one face is exp

for tunnels, portions of diaphragm walls, underground storage~tanks and where the thickng
structure is typically less than 0,5 m to 1 m). If this is the case; then a differential concent
xygen) cell can be created between the fully immersed facerand the air exposed face. Where
cur, a higher current density will be required on the immersed portion.

A.5 Prestressing steel and the risk of hydrogen embrittlement
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systems using zing- er/aluminium-zinc-indium anodes, the degree of polarization is nat
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li'silica reaction

Cathodic protection applied in accordance with this International Standard has been demonstrated to have no

influence on

alkali silica reaction/alkali aggregate reaction (ASR/AAR).

A.7 Reference electrodes

The MnOg3 reference electrode is a half cell consisting of a compacted mass of MnO2 in a buffered NaOH
solution with a pH of about 13,5 corresponding to normal pore water, and therefore in chemical balance with
the surrounding concrete. The MnO2 electrode, also known from batteries, has a potential, which is a linear
function of pH in the alkaline range. The potential is determined by the MnO2/MnQO3 equilibrium, manganese
metal is not involved. As a naturally occurring mineral, MnO; should be expected to be highly stable and this
is proved by the long shelf life of alkaline batteries. The diffusion barrier of the MnO> reference electrode is a
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plug of cement paste and this ensures a good bond to the surrounding concrete and also eliminates junction

potentials that would be developed.

See Table A 1.
Table A1 — AgCl(s) +e-=> Ag(s) + CI-

Electrode Potential at 25 °C Liquid Literature

vs. NHE vs. SCE junction ? sources
Ag/AgCl, KCI (0,1 M) 0,2881 0,047 Reference [24]
Ag/AGCH KCI(3 M) 0210 —0032 Reference [20]
Ag/AgCl, KCI (3,5 M) 0,205 -0,039 LJ Refeérence [22]
0,197 -0,045 Refg¢rence [23]
Ag/AgCl, KCI (saturated) 0,199 —-0,045 LJ Refg¢rence [22]
0,1988 -0,042 Refe¢rence [22]
Ag/AgCl, NaCl (3 M) 0,209 -0,035 LJ Reference [25]
Ag/AgCl, NaCl (saturated) 0,197 -0,047 LJ Reference [24]
Ag/AgCl, Seawater 0,25 0,01 Reference [26]
MnOg2, NaOH (0,5 M) 0,190 0,434 Reference [21]

© 1SO 2012 — All rights reserved

35


https://standardsiso.com/api/?name=49d86515d379629d43fe027fb044eacd

	Foreword
	Introduction
	1	Scope
	2	Normative references
	3	Terms and definitions
	4	General
	4.1	Quality management systems
	4.2	Personnel
	4.3	Design
	5	Structure assessment and repair
	5.1	General
	5.2	Records
	5.3	Visual inspection and delamination survey
	5.4	Chloride analysis
	5.5	Carbonation depth measurement
	5.6	Concrete cover and reinforcement location
	5.7	Reinforcement electrical continuity
	5.8	Steel/concrete potential
	5.9	Concrete electrical resistivity
	5.10	Repair
	5.11	Cementitious overlay
	5.12	New structures
	6	Cathodic protection system components
	6.1	General
	6.2	Anode systems
	6.3	Monitoring sensors
	6.4	Monitoring instrumentation
	6.5	Data management system
	6.6	D.C. cables
	6.7	Junction boxes
	6.8	Power supplies
	6.9	Transformer-rectifiers
	7	Installation procedures
	7.1	Electrical continuity
	7.2	Performance monitoring system
	7.3	Connections to steel in concrete
	7.4	Concrete repairs associated with the cathodic protection components
	7.5	Surface preparation for anode installation
	7.6	Anode installation
	7.7	Connections to the anode system
	7.8	Anode overlay, surface sealant or decorative coating application
	7.9	Electrical installation
	7.10	Testing during installation
	8	Commissioning
	8.1	Visual inspection
	8.2	Pre-energizing measurements
	8.3	Initial energizing of impressed current systems
	8.4	Initial adjustment of impressed current systems
	8.5	Initial performance assessment
	8.6	Criteria of protection: Interpretation of performance assessment data
	8.7	Adjustment of protection current for impressed current systems
	9	System records and documentation
	9.1	Quality and test records
	9.2	Installation and commissioning report
	9.3	Operation and maintenance manual
	10	Operation and maintenance
	10.1	Intervals and procedures
	10.2	System review
	10.3	System review report
	Annex A
(informative)

Principles of cathodic protection and its application to steel in concrete
	Annex B
(informative)

Design process
	Annex C
(informative)

Notes on anode systems
	Bibliography

