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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.

The B
desc

..... i 3 mathtenance are
ded for the

1bed in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval criteriane

different types of ISO documents should be noted. This document was drafted in acéordapce with the

editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh“patent rights. Details of

any

on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any

constitute an endorsement.

For

patent rights identified during the development of the document willbe in the Introdug¢tion and/or

frade name used in this document is information given for the-éonvenience of users gnd does not

in explanation of the voluntary nature of standards;, the meaning of ISO specifi¢ terms and

exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to

the

www.iso.org/iso/foreword.html.

World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see

This|document was prepared by Technical Committee ISO/TC 156, Corrosion of metals and alloys, in
collaporation with the European Committee~for Standardization (CEN) Technical Commiftee CEN/TC

219,

between ISO and CEN (Vienna Agreement).

Cathodic protection of steel in concrete, in accordance with the Agreement on technical|cooperation

This|third edition cancels and replaces the second edition (ISO 12696:2016), which has been technically

revided.

The

Any

main changes compared-\té the previous edition are as follows:

the scope has been.révised to clarify that, in order to comply with this document, it is necessary for
the cathodic pratéction system to have sufficient monitoring provisions to demonstijate that the
gystem meetsthe criteria of protection specified in 8.6;

gubclausé 8.6 has been revised;

AnnexA has been revised and its figures have been updated;

MESTPPN AZ7bhachaonnyaundiatho o Aoy N and o o Cloicn A7 “Dan f"

ana
oo sty / TS DT TIT IOV C O TtOTtIICTICVy o X ool o 11TV Sraa ot 1.7 DTTIC

current when criteria in 8.6 are not fully met” has been added;

keedc protection

Annex B has been revised completely;

a new clause, Clause C.5 “Hybrid anodes”, has been added;

anew annex, Annex D “Notes on reference electrodes”, has been added;
the references in the whole document have been revised.

feedback or questions on this document should be directed to the user’s national standards body. A

complete listing of these bodies can be found at www.iso.org/members.html.
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ction

ent applies to cathodic protection of steel in concrete, with the concrete atmospherically
ried or immersed.

As 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 ISO 12696:2016 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,
exposed coif
the cathodig
exposures.

There are

PP 5 PUETIR N AT B PSS TS | etamac tlh ot oo aatalla Fo ool oo o o £ 1l otnn alhax nall

AdUIICT UIIdIT LIIC dI1IuuvsT D]DL\'IIID LIIidi div ouitduiIicv 1UT1 CIlJlJll\aCll.lUllD LU OolL Ul 11T aLlllUDlJll\'l A& y
crete. Therefore, reference is made to other International Standards in this respect gvhile
protection performance criteria for steel in concrete are specified in this document fpr all

pther electrochemical treatments intended to provide corrosion control for stegl in

concrete. These techniques include re-alkalization and chloride extraction and ate 'fiot incorporated

in this docu
treatments.

Cathodic pr
appropriate
It is a techn
order to be
protection ¢
a detailed d
prepared by

ment. See EN 14038-1:2016[10] and EN 14038-2:2020[11] for information on electrocheinical

btection of steel in concrete is a technique that has been demonstrated to be successful in
applications in providing cost effective long-term corrosion control for steel in congrete.
ique that requires specific design calculations and definition of installation procedurjes in
successfully implemented. This document does not represent a design code for cathodic
f steel in concrete, but represents a performance standard for which it is anticipated that
esign and specification for materials, installationt;y commissioning and operation will be
experts and experienced persons.

Vi
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Cathodic protection of steel in concrete

1 Scope

This document 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 carbon steel reinforcement and prestressed reinforcement embedded in the concrete. It is
applicable to uncoated steel reinforcement and to organic-coated steel reinforcement. It ism

tore

This
elem

This
ared
in 8.4
all pz
8.6 4

This
effec
Systd
prov
crite

NOTH

NOT]H
elect
are fi

appli
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syste

2

The
cons
undg

ISO §
ISO

nforced concrete containing electrically conductive fibres (e.g. carbon or steel).

document applies to steel embedded in atmospherically exposed, buriedimmerse
ents of buildings or structures.

document is only applicable to the applications of cathodic protection to steel in con
esigned with the intention to, and can be demonstrated to, meet the ¢riteria of protecti
b. This requires the provision of sufficient performance monitoring’systems as specif]
irts of the structure intended to be protected, in order to assessjthe extent to which tH
re met.

document does not apply to galvanic anodes or systems‘applied into patch repairs t
ts of ‘incipient anodes’. This document does also notapply to any form of cathodi
ms or other electrochemical treatments that either,cannot meet the requirements of 8
ded with the performance monitoring systems:{see 6.3) that are necessary to assess
ria of protection specified in 8.6 are met.

1 AnnexA gives guidance on the principles-of cathodic protection and its application to steg
2 This document, while not specifically intended to address cathodic protection of
Folyte except concrete, can be applied.to-cathodic protection of steel in other cementitious mat|
und, for example, in early 20th century steel-framed masonry, brick and terracotta clad builg
Cations, additional considerations specific to these structures are required in respect of desi
hstallation of cathodic protection; however, the requirements of this document can be apy
ms.

Normative references

following deCuments are referred to in the text in such a way that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

044, Corrosion of metals and alloys — Vocabulary

bt applicable

bd and tidal

crete which
on specified
ied in 6.3 to
e criteria in

reduce the
C protection
.6 or are not
whether the

t] in concrete.

steel in any
erials such as
lings. In such
on, materials
lied to these

heir content
applies. For
hts) applies.

2257, Cathodic protection — Competence levels of cathodic protection persons —

certification scheme

Basis for a

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

(Um

=3,6kV)

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

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

©ISO
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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

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-}
voltages up
supply units

IEC 61558-}
voltages up
and transfor

IEC 62262,
mechanical |

EN 1504 (4
Definitions,

EN 14629, H
Determinati

EN 14630, H
Determinati

3 Terms

For the pury
and the follg

[SO and IEC
ISO Onl

IEC Eleq

31
Zone
part of a cat|

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

-16, Safety of transformers, reactors, power supply units and similar products for s
to 1 100 V — Part 2-16: Particular requirements and tests for switch mode power supply
mers for switch mode power supply units

Degrees of protection provided by enclosures for electrical equipment against ext
mpacts (IK code)

1l parts), Products and systems for the protection and~repair of concrete structuri
requirements, quality control and evaluation of conformity

roducts and systems for the protection and repair of concrete structures — Test metho
bn of chloride content in hardened concrete

roducts and systems for the protection and. xepair of concrete structures — Test metho
bn of carbonation depth in hardened concrete by the phenolphthalein method

and definitions

oses of this document, the terms and definitions given in ISO 8044 and EN 1504 (all p
wing apply.

maintain terminology~databases for use in standardization at the following addresses

ne browsing platform: available at https://www.iso.org/obp

tropedia: available at https://www.electropedia.org/

hodic protection system

ipply
ower

Lipply
units

ernal

s —

arts)

Note 1 to entry: Anode systems can be divided into separate zones to supply current to a fully continuous
reinforcement mesh. Alternatively, a single anode zone can supply current to separate, electrically isolated,
zones within the reinforcement system. Zones can comprise an individual anode zone for each reinforcement
zone or exposure condition. As the current provision to each of the zones in each of these alternatives can be
separately measured, all of them are generically called “cathodic protection zones” and specifically “anode zones”

or “cathode z

3.2
humectant
hygroscopic

ones”.

material that promotes the retention of moisture

Note 1 to entry: It can be applied to the surface of a galvanic anode to keep the concrete-anode interface moist.
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4 General

4.1

Quality management

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

infor

NOTE

mation, see Annex B.

ISO 9001 constitutes a suitable quality management systems standard which can be util

ized.

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

Each

Each
appr

All t4
stan

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

4.2

Each

comimissioning and long-term operational control shallbe under the supervision of p

appr
whic|

NOTH
eithe
engin

Pers
meas
the 4
whic

The
dem
proc

4.3
This

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

stage of the installation, energizing, commissioning and operation shall be_the subj
ppriate visual, mechanical or electrical testing, or all, and all testing shall bexdocumen

st instrumentation shall have valid calibration certificates traceable te National or I
lards concerning calibration.

Persons

aspect of the cathodic protection system design, installation, testing of the installation

bpriate qualifications, training, expertise and experience in the particular element of
h they are responsible.

Cathodic protection of steel in concrete isa specialist multidiscipline activity. Expertise
- the fields of electrochemistry, concrete technology, civil or structural engineering and cathog
eering, or all.

bns who undertake the design, supervision of installation, commissioning, supervision
urements, monitoring and supervision of maintenance of cathodic protection systen
ppropriate level of competence for the tasks undertaken. ISO 15257 specifies a suit

fompetence of cathedic protection persons to the appropriate level for tasks undertak

bdure.

Design

docuntent does not represent a design code, but is a performance standard.

h may be utilized in the assessement of the competence of cathodic protection persong.

bct of either
red.

hternational

energizing,
brsons with
the work for

srequired in
ic protection

bf operation,
s shall have
hble method

bn should be

nstrated by certification in accordance with ISO 15257 or by another equivalent prequalification

Cath

bdic prnfnr‘finn cycfpmc for steelin concrete shallhe the cnhjnr‘f of detailed r‘]ncign

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

a)
b)
c)
d)

detailed calculations;
detailed installation drawings;

detailed material and equipment specifications;

and operation;

e)

embrittlement and for risk of stray currents.

©ISO
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The detailed design shall be undertaken by persons who meet the requirements of 4.2. Annex B gives
respective information about the design. Annex B provides information for the detailed design which
should be undertaken by persons who meet the requirements of 4.2. If ISO 15257 is used to demonstrate
their competence, they shall be certificated to Level 4 or above in the sector ‘reinforced concrete
structures’.

5 Structure assessment and repair

5.1 General

For cathodi¢ protection (or cathodic prevention) of new structures, see 5.12.

The assessment 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 (all parts).

When cathddic protection is proposed as the repair/protection method, or part ofrt{-for a strugture,
additional investigation shall be undertaken in order to

a) confirm the suitability of cathodic protection, and
b) provide|system-design input information (for further information, see Annex B).

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

5.2 Records

All available drawings, specifications, records and notes shall be reviewed to assess the locgtion,
quantity, npture (e.g. normal, galvanized, epoxy-coated, prestressed) and continuity of| the
reinforcemgnt and any additional steel, the constituents'and quality of the concrete.

The available information shall be confirmed and supplemented by site survey and laboratory tesfs, as
specified in|5.3 to 5.8.

5.3 Visudl inspection and delamination survey

Visual survegy data shall be collected to ascertain the type, causes and extent of defects, and any features
of the structure or its surroundifigienvironment, which can influence the application and effectivgness
of cathodic|protection. Areas-Which have been previously repaired, and the repair methodg and
materials, shall be identified:

All areas of the structurgwhich require to be cathodically protected shall be checked for delaminpation
of the concrgte cover

Defects, such as cracks, honeycombing or poor construction joints, which can permit significant water
penetration| and which can in turn impair the effectiveness or durability of the cathodic proteftion
system, shaltbeTecorded:

Where necessary, the inspection and survey of buried or immersed elements will be facilitated by
excavation and/ or cofferdams.

5.4 Chloride analysis

If required, values and distributions of the chloride content of the concrete shall be determined in
accordance with EN 14629.

5.5 Carbonation depth measurement

If required, the distribution of carbonation depths shall be measured in accordance with EN 14630.

4 © IS0 2022 - All rights reserved
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5.6 Concrete cover and reinforcement location

Concrete cover distribution and embedded steel and reinforcement size and position measurements
shall be carried out in order to assess whether the anode/cathode spacing is adequate for the particular
anode system envisaged, and to identify dense regions of steel or reinforcement which can require
high current density per square meter of concrete. Shielding of the steel to be protected, caused by
embedded metal meshes, metal fibres or plates, plastic sheets or non-conductive repair materials,
which can impair the efficiency of cathodic protection, shall be assessed. Possible short-circuits
between reinforcing steel and impressed current anodes shall be assessed.

For buried or immersed structures or zones, the concrete cover can be less significant if the anode

systq

5.7

Draw
conti
diffe
shall
desig

a)

q

q

b) 4

)

At th
and
spec

q

5.8

Repr
corr
takel

NOTH
appr
insta

Cont

TIT COMIPTISES aoUes buried or e Sed and focated SoTTe distance fronT the structu

Reinforcement electrical continuity

ings of reinforcement and other steel elements shall be checked for size,-distributi
nuity. The last shall then be proven on site by measuring either the electricalresistance
Fence, or both, between bars in locations remote from each other across the struct]
be as specified in 7.1 for the purpose of confirming cathodic protection feasibility ar
n information. This shall include at least an assessment of the falloWwing on a represen

tlectrical continuity between elements of the structure within each zone of the cathodi
ystem,;

lectrical continuity of reinforcement within elements of the structure;

e subsequent repair and installation stage,feinforcement and other steel size, distr
blectrical continuity shall be further checked in accordance with the methods, and t
fied in 7.1.

Steel/concrete potential

esentative areas, both damaged'and apparently undamaged, shall be surveyed for rein
sion activity, using portable reference electrodes conforming to 6.3.2. Measureme|
h, preferably on an orthegonal grid, at a maximum spacing of 500 mm.

1 It is not necessary to carry out a steel/concrete potential survey of the entire st
priate to survey,tm more detail, those areas where reference electrodes are planned to be
led, in order toplace them in most anodic and other suitable locations.

nuity ofthe reinforcement and any other steel within any steel/concrete potential sy

essential andshall be checked, using the method in 7.1 before the steel/concrete potential §

Meas

urements in any areas identified as delaminated, in the survey specified in 5.3

inter

e.

bn, laps and
or potential
ure. Testing
d providing
tative basis:

Cc protection

tlectrical continuity of metallic items, other thanaéinforcement, to the reinforcement itself.

bution, laps
b the extent

forcing steel
nts shall be

fucture. It is
permanently

rvey area is
urvey.

, should be

pvai—or] with caution hocqauco dolaminatian can pvnr‘nr‘-o raadinac incancictont with

the level of

TtV Tttt o - e et o Sror e e oot OOt C e T Ea T 5o T OO TOTE VY it

corrosion of the reinforcement or other embedded steel.

NOTE 2

and interpretation.

5.9

Concrete electrical resistivity

References [12], [13] and [14] provide guidance with respectto steel/concrete potential measurements

The impact of variations in concrete resistivity on the cathodic protection system shall be considered.
There is no firm guidance on limits of electrical resistivity with respect to cathodic protection, but
the designer shall consider whether full protection can be achieved where required for the ranges of
concrete resistivity found on the structure.

NOTE References [14] and [15] provide guidance with respectto concrete electrical resistivity measurements
and interpretation.

© IS0 2022 - All rights reserved
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5.10 Repair

5.10.1 General

All operations comprising repair shall be performed in accordance with EN 1504 (all parts), except
where stated otherwise in 5.10.

NOTE Installation of cathodic protection to an existing structure can be associated with other forms of
repair work, such as strengthening, patching or coating, as determined in accordance with EN 1504 (all parts).
In this subclause, the term “repair” signifies reinstatement of the damaged/deteriorated concrete to provide an
uninterrupted path for the flow of cathodic protection current prior to the installation of cathodic protection,

as well as reirstatenrentattocatiorswhereconcretetras beerrremovedtoprovideaccesstoreiforcenrent and

other steel, tg install cable connections and monitoring sensors.

5.10.2 Conicrete removal

Any repair material detrimental to the performance of the cathodic protection (CP)‘system shdll be
broken out.

For exampl¢, predominantly epoxy-based repair materials have very high resistivity values and can
shield reinfprcement within or behind them from cathodic protection,~Concrete reinforced [with
metallic fibiles can have very low electrical resistivity and the fibres candorm an electrical short-circuit
path betwegn the anode and the steel.

For impressed-current cathodic protection systems, any tying wire, nails or other metal compo(i\ents
visible on the concrete, that can contact the anode system or that can be too close to the anode for
optimum arfode/cathode spacing, shall be cut back and the conetete shall be repaired.

NOTE Any metallic objects electrically isolated from the-cathodic protection cathode circuit can cofrode
and can requjre to be electrically bonded to the reinforcement’or removed.

The removal of physically sound chloride-contaminated or carbonated concrete prior to applying
cathodic prgtection is not necessary.

5.10.3 Reinforcement preparation

Any loose dorrosion product particles shall be removed from the exposed reinforcement or ¢ther
steel to enslire good contact between the steel and the repair material, but there is no need to ¢lean
the reinfordgement or other ste€l,to be embedded in concrete, to bright metal. However, the des]gner
shall considgr the impacts of’any significant corrosion products on the steel surface on the bonding of
concrete repairs to the reinforcement.

NOTE Re¢tained cerrosion products are likely to be high in chlorides. If these coincide with voids in the
concrete repgirs these.areas are likely to continue to corrode.

The designdr shall consider the effect of primers or coatings used as part of the repair system, having
consideratidnfor the possible shielding of CP current from the steel ta which, or hehind whicH, the

primers or coatings are applied.

5.10.4 Concrete reinstatement

Concrete reinstatement shall be in accordance with EN 1504 (all parts), except where stated in this
subclause.

Concrete shall be reinstated using cementitious materials. Repair materials containing metal (either
fibre or powder) shall not be used. The electrical resistivity characteristics and mechanical properties
of the repair materials shall be compatible with the original concrete. Proprietary curing membranes
shall not be used prior to subsequent anode installation over the repair area. Alternative curing
methods shall be used.
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The electrical resistivity of concrete repair materials shall be similar to that of the parent concrete.

NOTE Typically, these repair materials have an electrical resistivity within the range approximately half to
twice that of the parent concrete when measured under the same conditions as the parent concrete. However,
the electrical resistivity of the parent concrete is that of an aged material (age > 20 years), whereas the electrical
resistivity of the repair material reflects the properties at a relatively young age; it is anticipated that there is a
significant ageing effect over time. Also, measurements made in the laboratory on prisms do not represent the
conditions of the structure. A good quality repair made with materials known to be compatible with cathodic
protection installations has been found to be more important than arbitrary resistivity limits.

5.11 Cementitious overlay
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athodic protection systems employing anode systems as outlined in 6.2.3.2, follow/in
fied in 5.10, and anode installation in accordance with 7.5, 7.6 and 7.7, a cementitious
plied over appropriate types of installed anode.

laterials and application methods shall be in accordance with EN 1504 (allyparts). Bq
een the existing concrete and overlay shall be tested according to EN 1542. A series
st of three single tests. The average bond strength shall be greater than 1,5 MPa for a
preater than 1,0 MPa for all single tests. For example, bond strength-should be tested
s for each started 100 m2.

e substrate concrete cohesive strength fails at lower values. than 1,5 MPa average 4
um, the use of a cementitious overlay may be inapproptiate.

lay application may be combined with concrete repair.

blectrical resistivity of anode overlays can significantly exceed that of the parent cong
e anode within the overlay being able to pass.its design current at the design voltage, i
s resistivity, in all atmospheric and exposut¢’conditions applicable to the structure.

belected material, thickness and placement method shall be compatible with each oth

b a repair as
verlay shall

nd strength
f tests shall
[l test series
Vith one test

nd 1,0 MPa

rete subject

n an overlay

er, with the

anode material and the exposure of the structure. Curing membranes shall be removed froin the parent

conc
of th

The |
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5.12
Inth

Fete/substrate or shall have sufficiently degraded to avoid adversely influencing the
e cathodic protection system.

its.

New structures

included in the gtiginal construction, the following issues shall be assessed in the design, 3

erformance

potential between the anade'and reinforcement/steel (cathode) shall be monitored to dletect short-

b case of a nefw-structure, if cathodic protection as a preventive system (cathodic prevenftion) is to be

pecification

and ¢onstructien procedures, in addition to the requirements of the remainder of this docyment and of

the sfandapds governing the design and construction of the new structure:

a) provision and checking of reinforcing steel electrical continuity, in accordance with 7.1f

b) adequate securing and protection of monitoring sensors and all cables and their connections, to
avoid damage or disturbance during concrete placement and vibration;

c) connection, location or insulation of other metallic fixtures, fixings or other items, so as to avoid
undesirable influences from the cathodic prevention system;

d) inthe case of anodes castinto the concrete structure, provision of sufficient rigid insulating spacers
and attachments to secure the anodes in position and prevent the creation of short-circuits during
concrete placement and vibration. Monitoring of potential between anode and reinforcement/steel
(cathode) shall be used to detect any short-circuits during concrete placement.
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6 Cathodic protection system components

6.1 General

The cathodic protection system shall include an anode system intended to distribute the cathodic
protection current to the surfaces of the embedded steel to be protected. Impressed current cathodic
protection systems shall further incorporate positive and negative direct current cables between
the anode and the steel, respectively, and the DC power supply, which is the source of the cathodic
protection current.

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

Reference ¢

lectrodes, other electrodes and other sensors are key elements of cathodieyprote

ction

systems and constitute the performance monitoring system within cathodic protection;systems} The
data from the electrodes and sensors can be interrogated and displayed by portable instriimentatipn or
by permanently installed instrumentation of either the automatic or manual type.

The entire gathodic protection system shall be designed, installed and tested.to be suitable for its
intended lif¢ in its intended environment.

Both impregsed current and galvanic anode cathodic protection systemsrequire monitoring provigions
in order to determine the performance and comply with this documerit,

NOTE Galvanic anode systems can be used without monitoring «$ystems or methods to measure [their
performancef Such systems do not comply with this document.

6.2 Anode systems

6.2.1 General

See Annex Q.

The anode qystem shall be capable of supplying the performance required by the cathodic proteftion
design (see {.3). The anode system’s calculated or anticipated life shall be sufficient for the desigh life

incorporate
system or p

For anodes
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a) thecon
b) the ano

For anodes

hirts of the system at perieds designated in the design.

embedded into orapplied to the surface of the concrete, the anode current density
he design and.shall not exceed such values resulting in a performance reduction of eit

‘rete at thetanode/concrete interface, or
e, during the design life of the anode.

iibedded into or applied to the surface of the concrete, the maximum short-term cu

d into the design, with, where necessary, planned maintenance or replacement of the anode

shall
her

rrent

density at tl
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at the anode surface shall not exceed 110 mA/m2. These values may only be exceeded if the designer
can demonstrate and document within the design report that a higher current density can be reliably
accommodated within the design life of the cathodic protection system for that combination of anode
material, its cementitious surround and its method of installation (e.g. a mesh anode within an overlay,
a ribbon or ribbon mesh anode within slots or chases, or discrete anodes within drilled holes). The
anode manufacturer’s recommended current densities shall not be exceeded.

Either the design or the selection, or both, of the anode material shall consider likely variations in
cathode current density requirements, steel distribution, concrete electrical resistivity and any other
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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.

NOTE1 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 use in cathodic protection of steel in concrete, as the anodes must 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.

NOTE 2
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Anodes are listed non-exclusively in Annex C.

ikely that new and effective anode materials will be developed for cathodic protectiq
Fete. It is not the purpose of this document to preclude their use. It is recommended
y anode should only be undertaken where performance can be demonstrated:by’eithe
hg, trials or past projects, or all.

suggested that new anode materials for cathodic protection of steel in”concrete sh
ct of rigorous laboratory testing and, wherever possible, either extended or accelera
trials prior to commercial non-trial applications.

3 There is an established test method for accelerated life testing of mixed metal oxide co

bs embedded in concrete, ISO 19097-1[2]. There is also a proceddrefor comparative testing of

e systems used for the protection of steel in butied or immersed concrete are
2954121, EN 12495[7], [SO 15589-214], 1SO 12473[2l d5id 1SO 19097-2[6] and SO 13174(31.

Conductive coating anode systems

.1 Conductive coatings
e coatings are used as impressed-current anodes.

hnode system shall comprisé.a ‘conductive coating containing carbon and a series of
ent distributors) fixed t@ the concrete surface or integrated into the coating, in or
uctors can distribute curvent within the coating. The conductors shall be of material g
ic reactions, for example, platinum-coated or platinum-clad titanium or niobium wl
er-cored, or mixed metal-oxide-coated titanium.

fombination ef\conductive coating and current distributors shall be demonstrated by 4]
cts to enablé -the design anode performance to be achieved. The spacing of current
n the cohductive coating shall be such that it can be calculated or demonstrated that ]

not'exceed 10 % of the average current output measured as a +10 % voltage drop.

n of steel in
that the use
r laboratory

ould be the
ted, or both,

ted titanium
rarbon based

detailed in

conductors
der that the
ble to resist
hich may be

rials or past
distributors
he variation
listributors,

The particular application technique selected shall be demonstrated Dy 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 either the wet or dry, or both, film thickness requirements to
achieve the required dry film conductivity.

See Annex C for further information.

6.2.2.2 Thermally sprayed metallic coatings

The anode system shall comprise a thermally sprayed metallic coating of Zn, Al-Zn, Al-Zn-In or Ti.
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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,
subject to the requirements of being able to monitor the performance of the CP system as in this
document.

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 lifetime of the anode, a top-coating with sujtable
properties thay be applied to the thermal sprayed metallic layer.

The combinption of metallic coating and connectors shall be demonstrated by trials or past proje¢ts to
enable the design anode performance to be achieved.

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

The adhesign of the coating to the concrete, subject to appropriate surfacepreparation and the gbove
application fechnique, shall be suitable to achieve the full design life of the anode system.

Data shall be provided for determining the application process reqilirements to achieve the required
film thickness and conductivity.

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

See Annex ( for further information.
6.2.3 Activated titanium anode systems

6.2.3.1 General
These anodg¢s are used as impressed-current anodes.

The anode slystem shall comprisé a Substrate of titanium[1Z] and an electrocatalytic coating contajning
oxides of platinum group metals, platinum, iridium or ruthenium along with oxides of titangium,
zirconium and tantalum,~together with anode/cable connections and a cementitious overldy or
surround.

NOTE1 These anodes are frequently described as mixed metal-oxide-coated titanium (MMO/Ti) anodes or
inert anodes.

The coating|composition and thickness, or mass per unit area, shall be demonstrated by either trials or
laboratory, OTboth, Testing to enable the design anode performance to be achieved.

NOTE 2 A suitable test procedure is given in ISO 19097-1[5] for anodes encased in concrete and I1SO 19097-2(¢]
for buried and immersed anodes

6.2.3.2 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 or spraying the concrete, and shall ensure that
there are no short-circuits between anode and reinforcement/steel.

See Annex C for further information.

6.2.3.3 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
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3 cementitious repair mortar in holes drilled into the conerete;

Fete placement.

5ize and distribution of the strips or grids shall conform to the cathodic protection“syj
he maximum anode current density.

\nnex C for further information.

4 Embedded within the structure
ated titanium shall be embedded within the structure in one of-the following ways:

tlectrocatalytically coated titanium in the form of strip, mesh, grid or tubes shall be em

inodes of a similar form or platinum-coated titanitim rods shall be used in conjun
onductive graphite-based backfill;

inodes of a similar form shall be cast into new:¢onstruction for cathodic prevention or i
epairs for cathodic protection.

e a backfill (e.g. graphite) is part of the anode system, its operating current density
imensions of the hole drilled in thé,concrete, and the anode current density within
conform to the cathodic protedtion system design (see 4.3) and shall be limited to
e demonstrated by trials or,past projects to enable the requisite anode, backfill and
ection performance to belachieved. Where graphite backfill is utilized, the graph
dered as the anode in calculating the minimum anode/reinforcement or other steel sp

\nnex C for furtherinformation.

Titania cerfamic anodes

\nnex C for further information.

Conductive cementitious anodes

stem design

bedded into

'tion with a
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the backfill
alues which
anode/cable
ite shall be
acing.

Galvaricsystentsstratt be wired to emabte turrent imterruption betweern thre anmode amd -t

monitoring purposes in accordance with the requirement of this document.

See Annex C for further information.

6.2.6 Embedded galvanic anodes

Thes

e consist of zinc anodes in an activating encapsulation.

NOTE1 Galvanic anodes can be used to enhance the durability of localized patch repairs and, in
limit the likely acceleration of corrosion rate around patch repairs (sometimes called the ‘incipient anode effect’).
These systems are not typically subject to performance monitoring and are not addressed in this document.
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NOTE 2  Galvanic anodes can be used more extensively in a structure and if provision is made to include
performance monitoring provision into the system such that the requirements of 8.6 can be demonstrated and if
one or more of the criteria of 8.6 a), b) or c) are met, such systems are addressed in this document.

Anode types consists of zinc encased in proprietary activating encapsulation with connections to the
reinforcing bar (rebar). One or more galvanic anodes are installed within the concrete repair, or into
drilled or cored holes in, or surrounding the concrete repair and are attached to the reinforcement.

Other anode types consist of a “string” of zinc anodes in a proprietary activating encapsulation to be
embedded into drilled or cored holes within the concrete repair or surrounding undamaged parent
concrete, which are then attached to the reinforcement either directly or via monitored cable connection
for assessment purposes

Galvanic sygtems shall be wired to enable current interruption between the anode and the cathode for
monitoring purposes in accordance with the requirement of this document.

See Annex ( for further information.
6.2.7 Surface-mounted galvanic anodes

6.2.7.1 Zinc mesh in overlay

This anode is designed for splash and tidal zone applications. It consists 0f an expanded zinc metal $heet
or mesh, mefchanically fixed and grouted to the prepared concrete surface. [t may use a permanentfform
(or jacket) cpntaining the 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.

Galvanic sygtems shall be wired to enable current interriiption between the anode and the cathode for
monitoring purposes in accordance with the requiremént of this document.

See Annex ({ for further information.

6.2.7.2 Adhesive zinc-sheet anode

A “glue on”|anode system has been developed that can be applied directly to a prepared confrete
surface. Thq adhesive is a hydrogel,(@asused in attaching electrodes to the skin for medical applications.
The anode i supplied in rolls of adhesive covered zinc sheet and is attached to the structure. The|rolls
are then solflered together and-attached directly to the steel.

Galvanic sygtems shall be wired to enable current interruption between the anode and the cathode for
monitoring purposes in.accordance with the requirement of this document.

See Annex ( for further information.

6.2.8 Burjiéd)and immersed anodes

6.2.8.1 General

For structures that are either buried or immersed, anodes do not have to be in direct physical contact
with the concrete. Traditional anode systems, for example, as used in cathodic protection schemes for
buried and immersed pipelines, tanks, marine structures and as described in EN 12495[Z], EN 12954(9],
ISO 12473[2] and 1SO 15589-2[4] can be used. In these cases, the anodes are located away from the
structure but are buried or immersed in the same electrolyte in which the reinforced concrete structure
is buried or immersed.

The type of anode composition, shape, location and method of installation varies for the different
systems and also varies between buried and immersed conditions. Further information is given in
Annex C.
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In order to comply with this document any such buried or immersed anode application shall meet the
requirements for monitoring and achievement of criteria (see 8.6).

6.2.8.2 Immersed concrete structures

6.2.8.2.1 Galvanic anodes

For immersed concrete structures, immersed or buried galvanic anodes, comprising alloys of
aluminium-zinc-indium, zinc or magnesium alloys, can be used as described in EN 12495IZ], Aluminium-
based alloys are only suitable for saline water conditions. In very low resistivity environments or if

i 2 - i i i i - 2 ative potential

distrfibution and polarization to the structure.

Elecfrical connections between the anode and the steel in the concrete-may be by direc
anode supports to the steel (either during construction of the structure et after excavatic
the sfteel with suitable concrete repair following welding) or by the use\of an integral anod
to a quitable contact point(s) on the steel.

6.2.8.2.2 Impressed current anodes

Impressed current anodes with long-established track records in buried or immersed :
including high-silicon iron (with chrome in chloride envifonments), mixed metal-oxide-coat
platihized titanium or platinized niobium mounted either on the concrete structure or |
distgnce from the structure (as remote anodes), a§‘described in EN 12495IZ], may be used.

The
the (
unifd

humber, size, capacity and location of impressed current anodes depends on the curr
5oil or water) electrolyte resistivity,the’structure size and shape, and shall be design
rm current distribution and polarization to the structure.

Whe
and {
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Fe anodes are fixed directly to the structure, a dielectric shield may be required betwe
he concrete to prevent excéssive current entering the concrete immediately adjacent ]
h can result in local over=pelarization.

6.2.8.3 Buried concrete structures

6.2.8.3.1 Galvanic’anodes

For (
galv3
alloy

oncretelstructures buried in soil (including foundations, storage tanks and concret
inic anodes with long-established track records in buried applications based on zinc or
s, a5described in EN 12954121, may be used.

, the (soil or
brm current

t welding of
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bnt demand,
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bn the anode
o the anode,

e pipelines),
magnesium

Anodes are normally Tocated a short distance from the structure and placed in a suitable chemical
backfill (typically a mix of gypsum, bentonite and sodium sulfate).

Electrical connection between the anode and the steel in the concrete structure shall be via an integral
anode cable to a junction or test box, with a corresponding connection cable from the steel in the
structure to the junction/test box.

The selection of zinc or magnesium alloys is dependent on soil resistivity and the required current
output from the anodes. In very low resistivity soils or where magnesium alloys are used, particular
consideration shall be given to acceptable negative potential limits (see 8.6).

The number, size and location of anodes depends on the current demand from the structure, the
structure geometry and the soil resistivity. For longitudinal structures (e.g. pipelines) in particular,
attenuation along the structure length shall be considered in the determination of anode spacing.

©1S0 2022 - All rights reserved 13


https://standardsiso.com/api/?name=9656557349883638172a306c02dc6421

IS0 12696:2022(E)

6.2.8.3.2 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 or platinized niobium (with or without a copper core) located in groundbeds some
distance from the structure, as described in EN 12954[2], may be used. Anodes are normally installed in
a conductive backfill (typically calcined petroleum coke) and may be located either as single anodes or
grouped to form horizontal or vertical groundbeds (anode groups).

The number, size, capacity and location of impressed current anodes and groundbeds depend on the
current demand from the structure, the structure size and geometry, and the soil resistivity. The
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NOTE 4
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1nce in 8.6 are met. The designer shall consider the 'sample regime for monitoring ag|

This is ‘Bypically expressed in theory with respect to a standard hydrogen electrode but is

ire structure / in each anode zone to be protected in‘order to demonstrate if the cri

enable the performance across the entire protected structure to be assessed.

c protection system performance shall be determined by measuring the steel/con
ing reference electrodes (for further information, see Annex D).

itable reference electrodes for permarent embedding in concrete include double junction Ag/.
Mn0,/0,5 mol/I NaOH electrodes.

her sensors, such as potential.decay electrodes, current density coupons, macro-cell probe
n conjunction with reference ¢lectrodes.

some environments, stichas in the presence of bromides, iodides or ionizing radiation, Ag/Ag(
ome such circumstances, it can be necessary to utilize potential decay probes only.
lectrodes are used to measure absolute potential values, as in 8.6. Their own elect

n1l be aceurate and stable with respect to a standard electrode.

easured in the laboratory with respect to a saturated calomel electrode. Saturated ca

ation
rated
ular,
veen

1l be
pints
teria
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Crete
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trode

rode

more
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electrodes in

lude mercury whichis a hazard to health and the environment; local rngn]nfinnc can prm‘lnr

e the

use of calomel electrodes either on site or in the laboratory. This document does not provide guidance on safety
aspects.

Reference electrodes shall have an electrode potential within +10 mV of their theoretical value and
any batch of reference electrodes shall all have electrode potentials within #5 mV of their calibration
certificates.

Reference electrodes shall be calibrated with respect to a pair of clean and fully maintained
laboratory or mapping electrodes in order to demonstrate the above electrode potential accuracy
prior to installation. Electrode installation may be improved by precasting electrodes into shrinkage-
compensated cementitious mortar and ensuring intimate bonding between the mortar and the porous
plug of the electrode.
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All sensors shall be sufficiently robust for installation and permanent exposure in highly alkaline
conditions.

The cables and cable connections to sensors shall be similarly robust and alkaline resistant and acid

resistant if in contact with, or close to, the anode system.

6.3.2 Portable reference electrodes

Portable reference electrodes shall be reference electrodes designed to be used either directly on the
concrete surface or in conjunction with Luggin probes (for further information, see Annex D).
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ceable, sponge for contact with the concrete.

hble reference electrodes shall be supplied with a calibration certificate and-sh

rodes shall be calibrated with respect to a pair of clean and fully maintainedlaboratory
rodes in order to demonstrate the electrode potential accuracy as statéd'in 6.3.1 at tH
end of each site application.

Suitable portable reference electrodes include gel-filled, doublefjunction Ag/AgCl/0,5 m
Other sensors

.1 Potential decay probes

htial decay probes shall not be used to measure absolute steel/concrete potential [as
and the most negative limits in 8.6] or long-term potential decay beyond 24 h.

1  Potential decay probes are sensors enabling the measurement of steel/concrete potenti
the reversible stability of their own half*cCell potential in order to be classified as a referen
can be used to determine the potential change (during “on and off switching”) over a limited p|
hlly a maximum of 24 h.

2
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Suitable potential decay probes for permanent embedding in concrete include graphite
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ons and macro-€ells are optional additional monitoring sensors.

re used, coupons shall be manufactured from steel of similar composition to th{
prcing steel and shall either be of rugged construction suitable for permanent er
Fete orsbe’constructed by isolating and instrumenting existing reinforcement which
. The'designer shall ensure that any structural implications of such action have been 4

ntegral, but

be stored,

al
tained and handled in full accordance with the manufacturer's instructions. Portatﬁe reference

or mapping
e beginning

b1/1 KCL.

specified in

al, but do not
ce electrode.
eriod of time,

and activated

e structure-
hbedding in
s already in
ddressed.
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cathode; for this application, the coupon shall be of a known surface area.

6.3.3.3 Luggin probes (electrolytic bridge)

Luggin probes shall comprise an ionic conductive medium within a rigid or semi-rigid insulation
material. All materials shall be suitable for being permanently embedded in concrete and shall be
prevented from completely drying out.

NOTE

struc

©ISO

ture to be determined using a portable reference electrode.

2022 - All rights reserved

Luggin probes or similar devices can be used to enable the potential of embedded steel deep within a
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6.4 Monitoring instrumentation

6.4.1 General

Monitoring instrumentation shall be used to interrogate monitoring sensors installed to determine
the performance of the cathodic protection system and, for impressed current systems, the operating
condition of the direct current power supply.

NOTE Monitoring instrumentation can comprise manual devices, portable data loggers or permanently
installed data loggers. Instrumentation is principally required to measure direct current voltages. If coupons or
macro-cell probes are incorporated or other measurements are required, then other specialist instrumentation

is necessary.

All instrum
Standards 1
calibration
accordance

6.4.2 Dig

Voltmeters
of 1 mV, an 4

Analogue m

Current floy

entation shall be constructed in accordance with relevant National or Intermat
elating to electronic and measurement equipment and shall be provided.with a
certificate. All equipment shall be handled, installed, commissioned and-operate
with the manufacturer's recommendations.

tal meters

or measuring sensors and direct current power supplies shallhave a minimum resol
ccuracy of #5 mV or better and an input impedance of greatér or equal to 10 MQ.

pters shall not be used.

v between coupons or macro-cell probes and reinforcement shall be measured us

ional
valid
d in

1ition

ng a

zero-resistance ammeter or other suitable device of such aceitacy and resolution that the currgnt is
measured t¢ an accuracy of better than +1 % of the value measured.

NOTE Dé¢pending on the coupon or macro-cell probe_ size and their environment, the currents can range
from tens of microamperes to hundreds of milliamperes

6.4.3 Dathploggers

6.4.3.1 Gé¢neral

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

Data loggerp shall operate tinder a real date-time clock which shall be included in all measurement
units. Data loggers shall have a minimum input impedance of 10 M and a resolution of at least 1 1nV in
arange of a least 2 000;mV and an accuracy of £5 mV or better.

Data loggerp shallsbe supplied with software allowing test locations, sensors, direct current ppwer
systems, anpde<zones to be identified.

NOTE Datatoggers tam be usedto cottect data fromm botirsensors amd direct current power supptiies. Data

loggers can b

e either portable or permanently installed.

6.4.3.2 Portable data loggers

Portable data loggers shall be suitable for rough handling and temporary exposure to the site
environment. Connection of portable data loggers to test boxes, direct current power supplies, and so
forth, shall be by suitable connector(s) and cable, 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 conditions at the site, in accordance with 6.7 and 6.9.

16
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Permanently installed data loggers shall be hardwired to relevant sensors, direct current power
supplies, etc. Instrumentation cable connections shall be in accordance with 6.6.

NOTE1 Permanently installed data loggers can be operated independently, on a network or via a modem link.
The power supply can either be battery, alternating current mains or via the network cable, as appropriate.

Interconnection into a network shall be in accordance with relevant national or International Standards
and the network manufacturer's recommendations.

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

NOTE 2 Permanently installed data loggers can operate as either passive or active systems. If passive, they
colle¢t data only when instructed by a system controller. If active, they can be programmed to.cdllect data for
selecfed intervals. Either they can transmit all data or transmit summary data (e.g. mean, maximum, minimum,
standard deviation, over a selected period) on request or automatically.

Itis recommended that access to permanently installed data loggers either directlyor via a network shall
be s¢cured, requiring at least the need for a user-defined password in ordert@ prevent upauthorized
accesgs. Industry standard data-transfer security and communications protoc6ls should b¢ considered
according to the location of the installed network.

6.5 | Data management system

A data management system shall be provided to collate, ordessort and present the perfoymance data
arisipg from the cathodic protection system.

NOTHE 1  This can be either a manual (paper) system or a,computerized data-based managemenit system or a
combfination of both.

The gystem shall contain the following data as a minimum:
a) anode-zone layouts;

b) gensor type and location;

c) dlirect current power unit rating;

d) Iwitial (pre-commissioning) sensor readings;

e) ¢ommissioning data;

f) gensor data obtained since commissioning (at time intervals conforming to Clause 10);
g) direct current power supply output data since commissioning;

h) e¢vent record (e.g. inspection dates, changes in system operation).

Senspr.data obtained and recorded shall be compatible with, and sufficient to enable conformity to, the
seledted’performance criterion given in 8.6 to be assessed.

Computer database management systems shall be provided with full documentation. Facilities for
automatic data back-up and archive shall be incorporated.

The system shall be capable of presenting data/information in both tabular and graphical form.
NOTE 2  Data superimposed on mimic diagrams (schematic plans and sections) can also be used.

The system shall be capable of identifying data points outside pre-set (user definable) limits on request.

©1S0 2022 - All rights reserved 17
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t current cables

Single-core cables shall be manufactured from copper or titanium and shall be colour-coded according
to their function.

NOTE 1

red (or a

black (or

The following colours are preferred:

Iternatively brown) from positive DC power to anode/cable connection;

alternatively grey) from negative DC power to reinforcement steel/cable connection;

grey (or alternatively black) for monitoring test (reinforcement connection for monitoring) cable.

NOTE 2
example:

N

blue for

yellow o
Multi-core ¢

All cables sh
and power

shall be full
unit. The id
manuals (se

Cables shall
a) carry th
as appr
b) limit thq
circuit {
require
Zone anode

density at all locations within the zone; cable and anode volt drops should be calculated and design|

ensure such

Minimum c
concrete, or

DC posi
monitof

data nef

boative DC power and monitoring test cables can be of the same colour if of different sizg

reference electrode cable (not red or black);
I other colour (not brown, red, grey, black or blue) for other monitoring sensors.
ables shall be colour- or number-coded.

all be identified in junction boxes and at their points of connection to monitoring equip
supplies. The identification shall be by proprietary cable markers and the identific

entification and the cable colours shall be fully documeénted on the as-built drawing;
e 9.2).

meet the following requirements:

e design current +25 % within permissible temperature increases allowed in [EC 605
ppriate to the maximum environmental teniperatures;

e voltage drop at 125 % of the designed maximum current in the cathodic protection sy

ments and provide uniform zoné€ current distribution.

current density shall be desigiied to be uniform to within 10 % of the nominal anode cu

uniformity.

bre sizes of multi<Core cables for mechanical purposes, with all cables encapsulat
in conduit or trunking shall be as follows:

[ive and negative supplies: 1,0 mm?;

ing cable: 0,5 mm?;

s, for

ment
htion

y detailed (i.e. any code explained) in each junction box, monitoring unit and power supply

and

02-1,

stem

0 a value compatible with the power supply voltage output and the anode/cathode voltage

rrent
ed to

bd in

working in accordance with network standards.

If single-cor

e cables are used, the minimum core size for mechanical purposes shall be 2,5 mm?Z.

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. The cable to be installed in contact with anode material shall

18
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be suitable for long-term exposure to acidic conditions, typically pH = 2, and those to be installed in
concrete for long-term exposure to alkaline conditions, typically pH = 13.

NOTE 3  Cables with insulation or sheaths of polyvinyl chloride (PVC), ethylene propylene rubber (EPR) or
chloro-sulfonated polyethylene (CSP) or other rubbers are unlikely to be suitable for long-term use in pH 2 to
pH 13. Cables with insulation and sheaths of cross-linked polyethylene (XLPE) are likely to be suitable for long-
term use. Insulation of very chemically resistant materials such as Kynar can be considered, but these have
disadvantages of cost and of a tendency to crack at low temperatures, and they require particular care with
respect to large minimum bend radii.

6.7 Junction boxes

ion boxes shall be rated in accordance with IEC 60529 and IEC 62262 to render,
bction against the environment, taking into account the type of connections (madg
ind the worst-case external environmental and mechanical exposure to whiclr the
cted.

Junct
protg
box

subij

appropriate
within the
box is to be

6.8 | Power supplies

Whe
trans

NOTH
curre
thern

supp]
Allp

Fe mains electrical power is used, the direct current power “supply shall be pr
former-rectifier or a switch mode rectifier.

Other types of supply, such as diesel, wind or turbine generators, can be used to generat
nt as a supply to a transformer-rectifier. Controlled direct current supplies can be generatg
hoelectric or solar generators and wind or turbine generators can be used with rectification
y to intermittently charged battery systems which supply~current to DC controllers.

bwer supplies shall be constructed in accordance'with relevant National or Internation

vided by a

e alternating
d directly by
to provide a

hl Standards

calibration
rdance with

relat
certi
then

ing to electronic and measurement equipment and shall be provided with a valid
ficate. All equipment shall be handled, installed, commissioned and operated in acco
hanufacturer's recommendations.

Powq
6.4) 1
systd
remd

r supplies may be integrated with.monitoring instrumentation and communication facilities (see
n order to provide remote monitoring of DC power supply parameters and the cathodic protection
m performance (see 8.6). This integrated monitoring and power supply system may| provide for
te control of the power sypply direct current output.

6.9 | Transformer-rectifiers

The
envii

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

The
encld

init shall ' he housed in a robust enclosure suitable for wall or floor mounting, as applicable. The
sure shall provide protection against the worst-case environment in accordance with|[IEC 60529.

The
supp

incoming alternating current supply shall be terminated in accordance with the

: L] . b | adel e 1 ade - 1 b | | 1 41
ITT S TTYUUITTIITIILS dITU TILITT T14dUUIIAT O HILTT IIAaLIUTIAD Stdliudli us, U UULIL

e electricity

EXAMPLE Via an appropriately rated, double-pole neutral linked switch fuse or circuit breaker and residual
current device.

The main 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
alternating current supply. The transformer-rectifier output shall not exceed 50 V DC 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 series 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, I[EC 61558-2-1, [EC 61558-2-2 and
IEC 61558-2-4. Equipment utilizing auto transformers shall conform to [EC 61558-2-13 and equipment
utilizing switch mode power supplies shall conform to IEC 61558-2-16.
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The rectifier shall conform to appropriate National or International Standards with suitable alternating
current and direct current surge protection. Rectifiers shall be rated for continuous operation at the
specified outputs with a peak inverse voltage of at least 600 V. Varistors shall be compatible with the
rectifier peak inverse voltage levels. The direct current circuits shall be separated from those of any
other system (e.g. the incoming alternating current supply). For cathodic protection systems placed
in locations accessible to persons or animals, and where preventative measures, such as barriers,
obstacles or electrical insulation, are not provided, the output from the transformer rectifier unit shall
not exceed 24 V DC with a ripple content not exceeding 100 mV RMS. This shall specifically apply to
cathodic protection of reinforced concrete structures and buildings where conductive-coating anode
systems are used.

The output
current or p|

A direct cur

potential mg
NOTE1 F4

Facilities sh
following:

a)
b) output (
c)
NOTE 2

output ¥

steel/cq

F4

coupon (

The functio
All fuses sha

NOTE3  Pd
Calibration c
using portab

A minimum
terminals sh

The connect

[tis recommn
transpositig

shall be controlled to provide stepless (<0, % ol Tull rangeJ constant voltage, con
otentiostatic control from zero to full rated output.

rent relay system interrupting the output shall be provided to facilitate “instantaheou
pasurement [see 8.6, a)].

cilities to link this system to the control signals from data logging equipmentican be provided

all be provided to enable portable instrumentation to be used fer“'measurement o

foltages;

urrents (by voltage drop across a shunt resistor with an accuracy of £0,5 % or better)f

ncrete potential with respect to the reference electrodes.

cilities can be used for measurement of:

steel/concrete potential with respect to potential decay'probes;

r probe/reinforcement current.

h and rating of all sockets and thermultiplying factor of all shunts shall be clearly ma
11 be labelled with circuit designation and fuse characteristics.

rmanently installed digital parnel meters can be used to measure the data required in items a)
hecks on a regular basis arejnecessary. If permanently installed meters are used, the provisio
e calibrated meters for'the same measurements can be provided.

Etant

5 of f”

f the

rked.

to c).
hs for

of one positive afid'one negative terminal for cable connections shall be provided. All ofitput

all be fully insulated from any metal within the box.
ors shallbg(clearly marked, for example, “+ ANODE” and “~ STEEL”.

ended-that the positive and negative terminals should be of different sizes in order to
n-of'eables.

hvoid

Light emitting diodes (LEDs) or other means of indicting alternating current power supply “on” and
direct current output “operating” shall be provided.

For equipment with multiple transformer-rectifiers or multiple channels, each transformer-rectifier
and channel shall be fully identified and shall conform to this subclause.

All AC input, DC output and monitoring circuits shall, when necessary, be provided with protection
devices to prevent damage to the equipment by surges due to electrical faults or lightning. The
protection devices shall provide appropriate current and surge time periods and shall not degrade the
function of the protected circuits.

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

7 Installation procedures

7.1 Electrical continuity

Unless alternative testing procedures and criteria have been selected in the design, the electrical
continuity between reinforcing bars or elements of steel in concrete shall be tested by measuring the
resistance using a current of minimum 250 mA for a period of minimum 0,5 s. The acceptance criteria

for sfich testing shall be stable values and a resistance less than 1,0 () measured at the end o

curr

If thg
DMM
wire
pass

Alter
used
steel
acce]j
conn

Cont
repa

The
cons
expo

All
dra
accol

Elect
any i

;Eslge pipes) either shall be continuity tested as above and bonded if required or shall h

ent pulse, confirmed by 0 V residual voltage measured 0,1 s after the applied current is

bre is an electrolytic component in the measuring circuit then resistance meastrem
can produce unreliable results. In these circumstances, resistance measurements sha
type instruments or ohmmeters that are unaffected by polarization catised by other
ng DC current to achieve the resistance measurement.

natively, a potential measurement technique may be used with a fixed-location refere
to measure steel/concrete/electrode potential connected to onée reinforcement bar
and then, without moving the reference electrode, connecting to another steel bar or ¢
btance criteria shall be stable potential measurements with a difference of less than
ections are made to the two steel bars or elements.

I'sS.

Continuity testing results, all available construction drawings, the nature of the strug
[ruction shall be assessed in order to determine whether additional reinforcement/std
sed for testing and possible bonding.

cillary steel fixed to or part of\thé concrete structure (e.g. embedded steel bean
‘dance with 7.3.

rical contact shall be pyevented between reinforcement or ancillary steel and the ano
mpressed current cathodic protection system.

ano
shor

corrgsion ofisolated steel.

7.2

Atte
part}cularly if condugtive coatings (including conductive overlays or sprayed zinc impres

tion should be given to the location, removal or insulation of steel in the surface

-circuity’between anode and reinforcement causing a failure of that cathodic protectig

&

f the applied
nterrupted.

ents using a
uld use four
instrument

e electrode
element of
lement. The
1 mV when

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

ture and its
el should be

s, bearings,
e bonded in

e system of

of concrete
bed current)

es are to héised. Contact between an impressed current anode and such steel either result in

n zone or in

Performance monitoring system

Each zone of the impressed cathodic protection system or at representative areas for systems with
galvanic anodes shall be provided with the means necessary to monitor, for impressed current systems,
its power supply output voltage and output current and for all systems its steel/concrete potential using
a minimum of two reference electrodes (see 6.3.1) permanently embedded at representative locations.

NOTE1 Each zone can 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
can be either manual, electronically data-logged or electronically data-transmitted, or all.
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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

equipment or locally, area networked/modem linked, permanently installed data logging systems.

This assessment can involve manual data collection, recording data collection with portable

The extent and locations of deployment of the permanently installed performance evaluation system
shall be in accordance 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 coj

NOTE 3
Sensors, are
concrete reps

Reference el
are no alter
undisturbed
concrete rej

Permanentl
installation)

7.3 Conn

Each zone of
connectiong
test connect
to permanel

The electrid
zone shall b
reinforcemsd

NOTE Cd
be required i

The cable cq
cable/reinfd

7.4 Conc)

Any concref

rosion risk or activity.

The data from or the performance of permanently installed reference electrodes, coupans or

likely to be adversely affected or rendered non-representative by placement in\er adjaced
hirs incorporating reinforcement or other embedded steel.

ectrodes and other sensors shall not be placed in, or close to, concrete repairs unless {
hative locations. In the vicinity of the sensor, concrete surrounding the steel shall re
. Typically reference electrodes should, if possible, be placed a‘minimum of 500 mm
airs which incorporate steel.

y installed reference electrodes, and other sensors<that can be calibrated prig
shall be calibrated.

ections to steel in concrete

the cathodic protection system shall be provided with multiple (a minimum of two) neg

ion to the reinforcement/steel for measSurement of steel/concrete potentials with re
it or portable electrodes.

al continuity between all negative connections and test connections of each indiv
e tested and shall be 1,0 Q or less. If this requirement is not initially achieved, addit
nt/steel exposure for testing and bonding shall be undertaken in accordance with 7.1.

h accordance with the particular design.

nnections to thereinforcement and steel shall be made by methods providing a long-
rcement or steel resistance of less than 0,01 Q.

"ete repairs associated with the cathodic protection components

e(repairs associated with the installation of performance monitoring system electr

other
nt to

here
main
from

r to

ative

of cables to reinforcement/steel for the cathodic protection current and a minimum of one

bpect

idual
jonal

ntinuity between the negative connections of different zones of a cathodic protection systern can

term

bdes,

other senso
conforming

to Clause 5 and EN 1504 (all parts).

7.5 Surface preparation for anode installation

3 .1 i o 4 1 4 1. 111 ] PR | : 4] 1 | 4 : 1
S dIIU LT CUHLHTITULIUILIS LU STICCT T CUTILTCLT SII4IT UC UITUCT LARCIT USHIZ HTITUIUUS dITU nraterials

The concrete surfaces intended to receive installation of anode material, for example, conductive
coatings or activated 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 given in 5.11 [see EN 1504 (all parts)].

NOTE1 Cathodic protection conductive coatings generally require a minimum of preparation to leave a
maximum of cement paste and minimal exposure of aggregate and can be as specified in the coating product
specification and the cathodic protection system specification.
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NOTE 2  Cementitious overlays for cathodic protection anodes generally require a greater degree of
preparation to leave a particular degree of cleanliness and surface roughness and can be as specified in the
overlay product specification or overlay design 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 12495IZ], EN 12954[9], ISO 12473[2]
and ISO 15589-2[4l. 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 prevents the passage of cathodic

protection current to the steel in the concrete.

7.6

The
whic

be ag

spec

Parti

any

in th|

mon

Aftel

cond
level

over]

Prioj
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shor
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7.7

Each
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perfy

The {
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anode/cableConnections should be designed and located, and also cable and anode volt dro

desig
The :

Anode 1nstallation

anode system shall be installed by methods and under controlled environtnerita
h can be demonstrated by trials or past projects to enable the requisite anodé per
hieved. The anode system shall be installed in accordance with the design‘method st
fication for installation.

cular attention shall be given to the avoidance of short-circuits bétween the anode
reinforcement steel, ancillary metallic components or reinforcement of tie wire or
e concrete for impressed current systems and galvanic anodes\systems which requ
toring.

conductive coating or cementitious overlay or embedded anode applications, the
itions and concrete surfaces shall be maintained, at\temperatures and humidity
5 necessary to ensure proper curing, solvent loss and*water evaporation of either the
ay, or both.

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

-circuits have been established and, if s6,they shall be detected and corrected before f]
hpressed current systems or galvanieisystems or anode zones that require isolation foj
oses.

Connections to the anode system

zone of the cathodic protection system shall be provided with multiple positive
ections such that theé failure of any one anode/cable connection shall not significantl
rmance of the cathedic protection system in that zone.

ailure of any‘@he anode/cable connection in a zone should not reduce the local zone ar
ity by more~than 10 % of the nominal anode current density at any location with

ned te-ensure such uniformity.

conditions
formance to
atements or

system and
debris steel
ire isolation

htmospheric
br moisture
hnode or the

ystems, the
ine whether
urther work
monitoring

cable/anode
y impair the

ode current
n the zone;
ps should be

tem shall be

inode/cable (or anode to reinforcement in galvanic anode applications) connection sys

of a type and installed to such standards, as can be demonstrated by trials or past projects to enable
the requisite anode and anode/cable connection performance to be achieved.

In each individual zone, the electrical resistance of all anode/cable connections shall be tested and
compared with calculated values for the particular anode type and distribution. Data shall be assessed
to determine whether additional testing or additional anode/cable connections are required.

A 100 % visual inspection shall be undertaken of the anode system, including all related cables and
cable connections, prior to application of any coating or overlay.

7.8 Anode overlay, surface sealant or decorative coating application

Any requisite anode overlay, surface sealant or decorative coating shall be applied by methods and
under controlled conditions which can be demonstrated by trials or part projects to enable the requisite
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anode and overlay, sealant or coating performance to be achieved and in accordance with the design
method statements or specification for installation.

For cathodic protection systems employing anode systems as outlined in 6.2.3.2 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 (all parts). 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 (see 5.10).

NOTE If the substrate concrete cohesive strength fails at lower values than 1,5 MPa average and 1,0 MPa

minimum th“ necaofcamantitione auarlayy oo ha 1ol ata
) P-tSe-o-cee Rt ouS-everay-ca-se-HhapproprHate:

7.9 Electrical installation

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

NOTE1 Tle electrical power supply for the cathodic protection system can be ptoyided by transformer-
rectifier(s) ppwered by an electrical supply from a mains voltage distribution system

The direct current and monitoring cables of a cathodic protection system ake all classified as “extra low
voltage” (ELJV) in accordance with IEC 61140[37],

In addition fo the particular requirements of the cathodic protection system, the following electrical
safety measpures shall be applied to all installations:

a) mains voltage cables shall be electrically isolated and*separated from low voltage direct cufrent
cables;

NOTE 2| Local regulations can apply.

b) cables ghall be uniquely identified at the direct current power supply, at any junction box ahd at
their pgint of connection;

c) cables shall be adequately supported:and protected from environmental, human and animal
damage}

NOTE 3| Inlocations where thereis high risk of damage, cables can be embedded into concrete or cpn be
protected by steel wire armouring.

d) except fpr the cable connections covered in item f), cable connections shall only be made atlocafions
in enclosures or junétien boxes;

e) connections inside boxes, either whose construction or installation, or both, renders [their
environmentalprotection rating below the worst-case external environmental exposure, including
boxes with ‘non-sealed conduit entries, shall be made by methods suitable for long-term water
immersion;

NOTE4  Connections inside water-resistant or sealed boxes constructed and installed with an
environmental protection rating above the worst-case external environmental exposure can utilize copper
or brass threaded or proprietary connection assemblies.

f) it shall be permissible for anode/cable connections for anodes, for example, activated titanium
mesh, which are to be permanently embedded in an overlay material to be installed without
junction boxes if the anode/cable connection and its method of electrical/mechanical/moisture
sealing can be demonstrated by trials or past projects to enable the requisite performance to be
achieved;

g) anode systems for which there is no overlay or electrical barrier to prevent direct human or animal
contact, for example, conductive coating, shall be limited to a supply voltage of 24 V DC with a
maximum ripple content of 100 mV RMS;
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h) equipment shall be marked with all relevant electrical safety/testing/maintenance markings in
accordance with national and international standards.

NOTES5  The electrical characteristics required of the low voltage direct current circuits of cathodic protection
systems can render full conformity to international (or national) electrical safety standards inappropriate in
one respect: the normal requirement for isolation between all power circuits and the safety earth. This is due
to the negative pole of the cathodic protection 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

Testilng in accordance with the quality plan (see Clause 4) shall include the following fé1 the cathodic
prot¢ction system:

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

b) ¢ontinuity checks for all circuits, (the results of which shall demenstrate individual circuit
fesistance values within 10 % of those calculated from cable and component values);

c) insulation checks for all circuits of impressed current systems-and at the monitL)ring areas

:L‘; galvanic systems, which can have to be undertaken prior @ connections to either anode or
feinforcement/steel, and which shall demonstrate the electrical isolation of DC pogitive cables
from DC negative cables;

d) insulation checks for anodes in adjacent zones.

NOTH Reference electrodes and rectifier circuits canbe:damaged by insulation checks. Referernice electrodes
can he damaged by continuity checks. The intended low resistance between anode and reinforjcement/steel
and hetween adjacent zones anode or cathode circyifs renders conventional electrical circuit irjsulation and
contipuity testing inappropriate (see 7.9, Note 4).

The mains voltage electrical power supply system and the transformer-rectifier(s) prpviding low
voltage DC to the cathodic protection<system shall be tested and documented for electrital safety in
accordance with international and national electrical safety standards.

8 Commissioning

8.1 | Visual inspection

The fathodic protection system and all its component parts shall be subjected to a complete visual
inspé¢ction (for buried or embedded elements, before backfilling or concreting, for immersed elements
by either divér)or camera, or both) confirming that all components and cables are installed properly,
labelled where appropriate and protected from environmental, human or animal damage.

8.2 L Pre-energizing measurements
L=4 L=4

Prior to energizing, measurements shall be made and recorded in accordance with the quality plan (see
Clause 4) and shall include the following for the cathodic protection system:

a) potential of steel/concrete with respect to permanently installed reference electrodes and
potential decay probes; measurements shall be taken at low (about 10 M to 20 MQ) and high
(about 500 MQ to 1 000 MQ) input impedance to determine whether the contact resistance of the
reference electrode or sensor to the concrete adversely affects the performance of the electrode
or sensor; the difference in potential between low-impedance and high-impedance measurements
should generally be less than 10 mV;

b) potential of steel/concrete with respect to portable reference electrodes at any location determined
in the design method statements or specifications;
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c) potential of steel/concrete with respect to the anode system;
d) any baseline data from additional sensors installed as part of the performance monitoring system;
e) proving of either any electronic data logging or data transmitting facility installation, or both, as

part of the performance monitoring system.

For structures significantly affected by variable environmental factors, such as tide, temperature,
surface wetting, fluctuating stray current, etc., consideration should be given to the recording of steel/
concrete potential data over periods sufficient to record the effects of the variable environment; this
can typically be 24 h. If significant potential changes are detected, these should be considered when

determiningwhether all data measurements in subsequent monitoringin 84 8 5 and Clause 10 should

incorporate|recording data over extended periods.

8.3 Initidl energizing of impressed current systems
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eratures), for cementitious overlays this period normally correspénds to 14 d after placg
re of 20 °C. For conductive coatings, this period normally corresponds to 48 h with ade

C protection system shall be energized initially at low current (about 10 % to 20 % of d
asurements shall be made and recorded in accordafice' with the quality plan (see Clau
lude the following:

ential of the steel/concrete with respect to allypermanently installed reference elect
h respect to portable reference electrodes atdny location determined in the design mq
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C protection systems;
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1l decay probes and to_any portable electrode locations measured, shift in a neg
n from the values measured in accordance with 8.2, a) and b). If any steel, concrete
le potential values.shift in a positive direction, they shall be investigated to determin
ments for eitherddditional testing or remedial works, or both.

1 adjustment of impressed current systems

C protection system shall be energized to a level of current estimated to enable the sy
initial performance objectives (as specified in the design documents) and then,
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This can be a precalculated level of current (e.g. a particular cathode current density) or it can be

based upon the response of the system when first energized (e.g. to achieve a negative potential shift of 200 mV
or more measured with the current “ON”). Alternatively, the system can be polarized for a short time and then
adjusted to a potential shift of approximately 50 mV measured “Instantaneous OFF”.

NOTE 2  Slow polarization at a relatively low current density can be beneficial to long-term performance.

The system shall be operated at these initial settings of current which shall be maintained prior to
initial performance assessment, for a sufficient period to achieve significant polarization.

NOTE 3  The period is typically between 7 d and 28 d after initial energization although, if a slow polarization
energizing policy (low initial current) is adopted, full polarization can require longer than 28 d.
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Initial performance assessment

After the period of initial polarization (see 8.4), the initial performance assessment shall be undertaken
in accordance with the quality plan. This assessment shall include the following:

a)

b)

d)

e)

NOTE 4

measurement of output voltage and current supply to each zone of the cathodic protection system

and the calculation therefrom of circuit resistance;

measurement of “Instantaneous OFF” potentials (measured between 0,1 s and 1 s after switching

the direct current circuit open) at all permanently installed reference electrodes an
locations indicated in the quality plan a short period after switching open the direct cu

fter switching “OFF” for “Instantaneous OFF” potential measurements, sufficien
e allowed before measurement to avoid any transient voltage arising froni switc
¢apacitance or resistance effects that affect the measured values. This waitihg per
gufficiently short to avoid significant depolarization.

Typically, measurements of “Instantaneous OFF” are taken between-0,1 s and 0,5 s

The measurement period (for digital “counting”) should be sufficiently short to avoi
epolarization during the measurement period, but of sufficientlength not to degrade f

d any other
rrent power

[ time shall
ning surges,
iod shall be

hfter switch

OFF”,butappropriate values vary from system to system and with thejektent/period ofﬁolarization.

significant
he accuracy

r noise rejection capability of the measurement system. Whhile the typical measurenpent periods

re between 0,1 s and 0,5 s, calibration and other instrufentation calculation steps nf
nger period than this between subsequent measurements.

easurement of potential decay after switching the cathodic protection direct curre
¢onstant open circuit. The period of potential déecay and the intervals for measureme
¢oncrete/electrode potentials shall be as indicated in the quality plan;

INOTE1  Typical periods of decay are 4 h te,25 h with measurements taken at some or all of
3h,4h,23h,24hand 25 h after switch “OFE”, as appropriate, to determine the extent of potent
tlhe rate of any ongoing decay at the endof the selected period.

INOTE 2  For buried (particularly*those buried in wet conditions or impermeable clays) a
dtructures and for atmospherically exposed structures that incorporate a surface coating that
gvailability within the concnete; potential decay can be very slow and can extend to weeks. In
xygen availability at the(steel can possibly not be sufficient to maintain passivity of the s
i{nterface and the potential-can “rest” at a relatively negative value. In these conditions, potent

ossibly not be a practical protection criterion and an ‘absolute potential criterion’ as 8.6 (a) ca
0 be used.

INOTE3  Potential shift (see 8.4, Note 1) can be equivalent to potential decay, but only
otential (“natural” or “as found” from which the potential shift is measured) is determined
efore energizing the cathodic protection system and if this value is not affected by stray curre
autionyshould be exercised if potential shift measurements are used as a protection criteri
immersed, water-saturated or coated structures as the “natural” or “as found” potential can

ay dictate a

nt supply to
nts of steel/

D,5h,1h,2h,
ial decay and

hd immersed
imits oxygen
the extreme,
teel/concrete
ial decay can
h be required

if the initial
immediately
nt. Particular
bn on buried,
be subject to

ery significant negative potential changes as oxygen is depleted within the concrete. Negaf

ive potential

shifts of 200 mV to 300 mV are quite possible due to oxygen depletion without the application of cathodic

protection.

measurement of parameters from all other sensors installed as part of the performance monitoring

system;

measurement of “ON” steel/concrete potentials (including IR drop) if required in the quality plan.

During measurement of “Instantaneous OFF” potentials, it can be necessary to swit

ch the direct

current power circuit off and on to facilitate sequential measurements steel/concrete potentials at a number of
embedded reference electrodes.
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The off:on time ratio of any such switching regime used for “Instantaneous OFF” potential measurements
shall be a minimum of 1:4.

NOTES5  Typical values for manual data collection are 3 s off, 12 s on. For electronic data collection, it is
advantageous to link the data logging system to the switching system, in order that measurement waiting
periods and measurement periods are accurately related to the instant of switch off. Longer switching periods
slow data collection and risk depolarization during the off period.

The initial performance assessment shall be undertaken, as a minimum, using the performance
monitoring systems as specified in 6.3 and shall be applied to all parts of the structure as is necessary
to assess whether the criteria of protection as specified in 8.6 are met in all parts of the structure fitted
with cathodjic protection components

8.6 Criteria of protection: Interpretation of performance assessment data

The data co
requiremen
is used to d

[lected in accordance with 8.5, shall be reviewed and interpreted in accordance wit
s of 8.6 by persons competent in cathodic protection as specified in 4.2;'When ISO 1
emonstrate the competence of the persons, they shall be certificated 'to"Level 3 or 4

h the
5257
bove

in the steel h the

requiremen

in concrete sector, as specified in that document for assessment_in accordance wit
s of 8.6 with respect to the negative limit and criteria of 8.6, a), b).or c).

No instant offf steel/concrete potential more negative than -1 100 mV with respect to Ag/AgCl/0,5 mol/1
KCl shall be [permitted for plain reinforcing steel.

NOTE1 Pi
-900 mV and
in any applic

than
cised

estressing steel can be sensitive to hydrogen embrittlemént even at potentials less negative
due to the high tensile loading, failure can be catastrophie. It is essential that caution is exer
tion of cathodic protection to prestressed elements.

pld steel (>550 N/mm?2) or prestressing steel, the safe potential limit shall have [been

and documented as part of the design.

For high yi
determined

NOTE2 Pi
be possible tq

estressing steel that is corroded can possibly not have a safe potential limit and it is not ensufed to

provide cathodic protection to it in a safe manner.

steel
f the

The performance assessment shall be in accerdance with the following criteria of protection for
in concrete.|For any structure, any représentative steel in concrete location shall meet any one d
criteria given in 8.6, a) to ¢):

a) an “Instantaneous OFF” potential more negative than =720 mV with respect to Ag/AgCl/0,5 1ol/1
KCI;

b) apotential decay overda maximum of 24 h of at least 100 mV from “Instantaneous OFF”;

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-smeasurement extended beyond 24 h.

These critenia npp]y to all types of cathodic protection system applied to steel in concrete

NOTE 3  Itis not necessary to meet more than one item of 8.6, a), b) or c).

NOTE 4  Criteria a), b) and c) are supported by published papers. They are proven as a practical series of
criteria of performance to indicate adequate polarization which leads to the maintenance or re-establishment of
protective conditions for the steel within the concrete.

NOTES5 As an investigative criterion it can be considered, by persons competent in cathodic protection as
specified in 4.2, certificated to Level 4 or above in the steel in concrete sector of ISO 15257 (or equivalent),
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 d or longer) less negative than -150 mV with respect
to Ag/AgCl/0,5 mol/1 KCI. This steel potential across the structure indicates steel is passive.
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NOTE 6  These criteria, as discussed in items 8.6, a), b) and c), can be disrupted by the presence of concrete
repairs encompassing reinforcement or other steel within 0,5 m of the point of measurement of potential. This
can be avoided by locating reference electrodes and other sensors away from concrete repairs wherever possible.

NOTE 7  Variations in conditions such as tidal effects, stray current, temperature and moisture etc. can cause
significant changes to the measured potentials. This can have consequences for the interpretation of the data
and whether it satisfies the criteria in items 8.6, a), b) and c).

NOTE 8  For structures, such as buried, immersed or coated structures, where oxygen availability within
the concrete is limited, the criteria given in items 8.6, b) and c) cannot be practical due to the very slow rate of
depolarization, as detailed in 8.5, Note 2. Similarly, as detailed in the paragraph below Note 2 in 8.5, potential shift
measurement cannot be equivalent to potential decay over a limited time period and changes in the “natural” or
“as found " due to oxygen depletion can lead tO SErious errors in assessment of potential Snitt.

If the interpretation of the performance assessment data in accordance with 8.6 indiCatés [that criteria
for protection are achieved, no further measures are necessary.

If they are not achieved, then steps shall be undertaken to increase the protection current, in order to
meetf the criteria of protection as detailed in a), b) or c) above.

If the criteria are not met, the requirements of this document are not“aiet and the systein cannot be
statgd to comply with this document. It should be noted, however, that'in certain circumstances (such
as older systems or structures where remedial options were limited/constrained) whefe a system
does|not meet the criteria, there can be some benefits to structure durability. Such sysfems do not
meetf the requirements of this document, but additional assessment techniques, outside fhe scope of
this locument, can be brought to bear when deciding what action to take. Such assessments shall be
undertaken under the guidance of persons certificated to\ISO 15257 Level 4 or above in the reinforced
concfete sector or have equivalent training, qualifications and experience. See Annex A.7.

9 S$ystem 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.

9.2 | Installation and cominissioning report

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

a)

3 general_description of the works, the parties associated with the works [e.g. client, design
engineer supervising engineer, contractor, subcontractor(s)] and the key persons responsible for
the design, supervision and commissioning of the cathodic protection system and theilr respective
fesponsibilities;

b) adescription of the installation and commissioning works including key dates;

c) all measurements and test data taken before and while the system is energized and during the
initial system performance assessment, together with the performance assessment data used and
the interpretation of the data; a detailed assessment, on a zone by zone basis of if the system is
likely to be able to perform as intended; if not, detailed recommendations shall be provided for
investigation or remedial measures;

d) arecord of the “as-left” operating conditions of the system;
e) recommendations for any revisions to the cathodic protection system.

NOTE Other documents can also be included as considered necessary.
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9.3 Operation and maintenance manual

An operation and maintenance manual for the cathodic protection system shall be prepared and shall

incorporate,

as a minimum, the following:

a) adetailed description of the system and a set of the “as-built” drawings;

b)

Clause 10);

0)
of the d

ta therefrom:

details of recommended routine maintenance and inspection intervals and procedures (see

recommended intervals and procedures for future performance assessments and the interpretation

d) proforn

perfornf

error f
(alternd
protect
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f)

either 4
source(

g)

h) all infoy

las or computer data formats for all recommended routine maintenance, inspectiof
lance assessment activities;

nding procedures for errors within the cathodic protection electrical’power s
ting current and direct current), and for short-circuits and open circuits-in the cat
on system;

jance/repair procedures for the electrical power supply equipment, any data logg
equipment and the anode system with any overlay, sealant or decorative coating;

list of the major components of the cathodic protection §ystem with data sheets an
) of spare parts or maintenance for these components and for the overall system, or b

mation, passwords and protocols required for the long-term connection to and operati

any monitoring and control system;

g)
NOTE

a copy g
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NOTE 1
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f the permanent records (specified in 9.1).

her information can also be included if congidered necessary.
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jon and maintenange, .inspection and testing intervals and procedures shall b
ed in the operationsand maintenance manual (see 9.3) or, as subsequently modified,
Fformance of the'system.

The intervals and-procedures for routine inspection and testing vary from one cathodic prote
other, dependent upon the structure type, the cathodic protection system type, the reliability of

es (impressed current systems), the reliability of the galvanic anode in that environment an
to accidental, deliberate mechanical or electrical damage.

Those syste

lhtpply

and
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1 the
bth;

on of
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ms provided with electronically data logged or electronically data transmitted perform

ance

monitoring systems can require less frequent physical inspection, as routine testing can be undertaken
automatically.

It can be considered to extend the intervals between routine inspection and testing if no errors, damage
or significant variation in system performance are indicated by successive inspections and tests.

NOTE 2
in concrete.

Routine inspection procedures shall be as follows:

a) The fun

1) con

30

ction check comprises:

firmation that all systems are functioning;

Long periods of satisfactory operation result in significant polarization and repassivation of the steel
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2) measurement of output voltage and current to each zone of the cathodic protection system;
3) assessment of data.
b) The performance assessment comprises:
1) ameasurement of “Instantaneous OFF” polarized potentials;
2) ameasurement of potential decay;

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

4) afull visual inspection of the cathodic protection system;
3) an assessment of data;

¢

<

) an adjustment of current or voltage output for impressed current systéms.
All inspections and testing shall be in accordance with Clause 8.

Typic¢ally, the function check shall be undertaken monthly in the first-year of operation pnd, subject
to sdtisfactory performance, thereafter at 3-month intervals. Typically, the performance|assessment
shall| be undertaken at 3-month intervals in the first year of dperation and, subject to |satisfactory
perfgrmance and review at 6-month to 12-month intervals thereafter. After the first yeaf, the visual
inspection may be deleted from the performance assessment'but should remain in the sygtem review
(see [10.2).

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

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

b) 4 performance assessment ih'accordance with 10.1 b);

c) 4qvisual inspection of(the cathodic protection system;

d) 4review and intérpretation of the data generally in accordance with Clause 8;
e) 4n adjustmentof the current output if necessary in accordance with Clause 8;

f) asystenmireview report in accordance with 10.3.

10.3 System review report

The report shall detail the following:
a) the work undertaken;
b) the data collected;

c) data interpretation and recommendations for any changes to the operation and maintenance or
system review intervals and procedures;

d) recommendations for any changes to the cathodic protection system.

Typically, the system review, and its report shall be undertaken and prepared annually.
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Annex A
(informative)

Principles of cathodic protection and its application to steel in

concrete
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te interface, breaks down the protective passive oxide and allows the formation of
arge volume oxides. Once the chloride content of the pore water exceeds a threshold {
sive oxide layer breaks down.

dioxide molecule is acidic.dt\heutralises the alkalinity in the concrete, precipitating
ponate in the pores and reducing the pH from over 12,5 to about 8,0. The passive layer s
vn at about pH 11,0, again leading to the formation of non-protective, large volume oxi

bf chloride contamination of concrete, the chloride ions initiate depassivation which
| if there is access of oxygen to the remaining passive areas. Depassivation and, h

pe than Epa sharp increase in the iron dissolution rate leads to high corrosion rat
ed areds'of the steel surface whereas, at lower potentials than E ;, (i.e. more negative
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the initiation of corrosion, or

that a corrosion failure is unlikely during the lifetime of the structure.

if corrosion has already started, the continuation/propagation of corrosion is so far suppressed

In the case of reinforced concrete, corrosion can result in cracking and delamination of the covering
concrete which can arise from as little as 50 pm of metal loss from an area of reinforcement or other
embedded steel, due to the bursting stresses generated by high-volume corrosion products.

In steel-reinforced concrete structures, cathodic protection can be achieved by polarizing the
reinforcement/steel with an “external” current. For this purpose, anodes are surface mounted, painted
onto or embedded in the concrete and connected to the positive pole of a direct current power supply
in the case of impressed current protection. Alternatively, galvanic anodes are applied to, or embedded
into the concrete and connected to the reinforcement.

32 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=9656557349883638172a306c02dc6421

IS0 12696:2022(E)

The system cathode is formed by the steel reinforcement/steel. In the case of impressed current, the
negative pole of the direct current power supply is connected to the embedded steel/reinforcement. In
the case of galvanic anode cathodic protection, the galvanic anode (typically zinc) is connected to the
reinforcement/steel.

The concrete, through its pore solution, provides the electrolyte to allow current flow and the
associated ionic movement. The change of steel/concrete potential is measured with respect to
reference electrodes which are embedded in the concrete or placed on the surface of the concrete and
used, in conjunction with a suitable voltmeter and connections to the reinforcement/steel, to measure

steel,

concrete and electrode potentials.
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Iia of protection are met at representative points on the structure. The ¢éxiteria of protg

rience.

orrosion resistance of steel in reinforced and prestressed concrete structures that a
come contaminated by chlorides during their service‘life, a small cathodic polariz
concrete interface can be applied early in the service\life. This polarization should 1
concrete potential lower than (more negative than)E,;; to prevent the initiation of
athodic protection anode system is on the surface, or within the cover concrete, thi
ontamination migrates to the steel, the negative polarization achieved also limits

Fuctures in service where the chloride<ions have not reached the steel in sufficient qu
ssivation has not yet occurred.

pther case is in older structures-with corroding steel, when cathodic protection is d
ehabilitation concept and is aimed to decrease the corrosion rate of the steel from s
ible values. For this purpose, the steel/concrete potential should be lowered (made mg

anodic sites, temperature, oxygen content, humidity). Based on the complex interact
rs and also practical experience, the definition of one precise protection potential i
Iso unnecessary for cathodic protection of steel in concrete. It is this complex interacti
dictates that-a range of criteria are properly required for cathodic protection of steel
reflected\in 8.6.

e afe two authoritative reports on criteria for cathodic protection published by NA

is a literature survey of cathodic protection criteria, the second discusses the 100-mV de

nt/steel are
ction is one
n if specific
ction in this
on practical

Actice, two different cases are distinguishable. If the aim of eathodic protection is improvement of

re expected
ation of the
haintain the
corrosion. If
ough which
or prevents

ation of the chloride ions to the steel, thereby, preventing them from depassivating the steel. This
cathgdic protection measure is sometimes called “cathodic prevention” and applies to ney

v structures
antities and

ften part of
gnificant to
re negative)
ial E_,..and

corr

rotection potential £}, are dependent upon environmental conditions (chloride coptent, pH at

ion of these
b impossible
bn of factors
in concrete,

LE. The first

polarization

criterion. The literature survey is concerned with buried and submerged pipelines and makes no
mention of steel in concrete. The 100-mV criterion report discusses the theory of corrosion control
and the application of the 100 mV criterion to buried and submerged structures and contains a section
devoted to steel in concrete.

One of the earliest papers that defined what a cathodic protection system is trying to achieve was given
in a paper by Mears and Brown. They said that “it is necessary to polarise the cathodes in the corrosion
cell to the open circuit potential of the local anodes in order to obtain complete cathodic protection”.
This is why the current moves the steel potential negative, to move the more easily polarized cathodes
toward the potential of the less easily polarized anodes. Any negative movement of the cathodic areas
on the steel toward the corroding anodic areas on the steel reduces the rate of corrosion.

This was confirmed by Bartholomew et al.[33] who conducted experiments on steel in damp sand with
different levels of chloride contamination to determine the amount of current and polarization required
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to control corrosion. The results were discussed in Reference [34]. It is important to understand that
the results of these tests in damp sand illustrate the principle of the link between corrosion, chloride
content, polarization and current density. The results should not be transposed directly to steel in
concrete.

Reference [22] used theory and field results to produce a series of curves relating potential shift with
unpolarised corrosion rate for different applied current densities for steel in concrete that is not oxygen
limited (water-saturated).

The long-term beneficial effects of applying cathodic protection current are confirmed by the fact that
intermittent cathodic protection has been found to provide protection in the absence of current for
Significarlt ertods-oeftime:

Figures A.1 o A.3 illustrate these factors. These figures are illustrative anodic potentiodynamic g§cans
of steel in alkaline solution where the steel is initially stripped of its oxide film. They do not necesdarily
accurately represent steel in concrete.
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NOTH
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logi (i is the electric current density) [A/m?]
measured potential, Eg/a0c1/0,5 mol/i kel [V]
pitting potential, E; [V]

concentration of chloride [mol/1]

0 mol/1Cl

0,02 mol/1 Cl

0,2 mol/1 Cl

2 mol/1 Cl

These curves were ‘produced at a polarization scan rate of 1 mV/s after sample pr

polishing the steel electrode, placing it into quartz sand. It was flooded with sat. Ca(OH), at diffd
contgnt (2 mol/l, 0,2 mol/], 0,02 mol/l and 0 mol/1) and was preconditioned by applying a cathodlic current of
1 A/m? for 1 h. Slower scan rates and different preconditioning produce different data.

Figiire A.1>>/Laboratory examples of the anodic behaviour of steel in the presence @

levels of chloride

eparation by
rent chloride

f different
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NOTE All

Figure A.2

36
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values are indicative.

pit
" Ca(OH), solution'{pH = 12,6) at 20 °C[18]

and £, . measured on'steels buried in sand, covered with saturated
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1 - 2l - 3cathodic prevention (see Note 1)
1 — 4] - 6cathodic protection restoring passivity (see Note 2)
1 — 4 — 5cathodic protection reducing corrosion rate (see Note 3)

a Pitting initiates and propagates.

b Pitting does not initiate but propagates.

¢ Pitting does not initiate or propagate.

d Hydrogen embrittlement risk to high-strength steels.
e Reduction of steel/concrete bond.

NOTHE 1  Cathodic prevention may be applied from the beginning of structure life at 1.

NOTHE 2  Cathodic protection applied only after corrosion has initiated at 4. Polarization to 6 (arga c) restores
passiyity.

NOTE 3  Cathodic proteetion applied only after corrosion has initiated at 4. Polarization to 5 (arfa b) reduces
corrdsion, new pitting does-hot initiate but existing pits do propagate.

NOTH 4  All valu€s.are indicative.

"

igure A-3"— Schematic illustration of the evaluation paths of the pitting potential versus
chloride content in percentage by mass of cement in steel/reinforcement surface duiling service
lifel18]

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.

Typical cathodic prevention current densities range between 0,2 mA/m?2 and 2 mA/m? compared with
2 mA/m? to 20 mA/m? 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 can continue.
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A.4 Cathodic protection for steel in buried or immersed concrete structures

Cathodic protection for steel in buried or immersed concrete follows the same basic principles as for
atmospherically exposed concrete described in A.3. The principle difference is that the concrete is likely
to become water-saturated, which results in reduction in oxygen content at the steel surface under
normal exposure conditions, which is accelerated under the application of cathodic protection. Where
oxygen depletion occurs, the potential becomes very negative and the current required for cathodic
protection is reduced.

Hence, the current density required for steel in concrete that is buried or immersed for protection may
be, if the concrete 1s fully water- saturated con51derably less than that requlred for atmospherlcally

exposed co
(before cor
saturated a
high as thos

The current
exposed to §
the thickne;
differential
the air expo
portion.

A.5 Pres|

Due to the
and temper;
AgCl/0,5 m
high tensile
exercised in|

For impress

osion 1n1t1at10n) in water- saturated condltlons For structures that are not fully w
d are corroding before the application of cathodic protection, current densities\may
e for atmospherically exposed concrete, up to 20 mA/m?2.

density is also dependent on whether the concrete is fully immersed or whether one f;
ir (e.g. as for tunnels, portions of diaphragm walls, underground stordge’tanks and w

concentration (differential oxygen) cell can be created between the fully immersed fac
ced face. Where such conditions occur, a higher current density isrequired on the immg

ressing steel and the risk of hydrogen embrittlement

possible occurrence of hydrogen embrittlement;~high-strength steels of the quen
ed type should not be exposed to a potential more negative than -900 mV versug
pl/1 KCI. Prestressing steel can be sensitive,;to hydrogen embrittlement and, due t
loading of prestressing members, failure-ean be catastrophic. It is essential that cauti
any application of cathodic protectionte’prestressed elements.

ed current systems, high current densities can be provided if the system is either incorn

designed or
to vulnerab

operated, or both, and steps should be taken to minimize the risk of excessive polariz
e steels. For galvanic systems’using zinc or aluminium-zinc-indium anodes, the de

of polarizatjon is naturally limited and‘this normally should be sufficient to keep the steel/con
potential below the potential limit of 900 mV versus Ag/AgCl/0,5 mol/1 KCl. The safe potential lim
pre-corroded prestressing members may be less negative than -900 mV and in applications of cathodic
protection involving possiblysofknown pre-corroded prestressing members, using either imprg

current or g
or other me

Prestressin
outside the

alvanic anode systems, the safe potential limit should be determined by laboratory te
ins (see Reference [19]).
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A.6 Alkah

isiticaTeaction

Cathodic protection applied in accordance with this document has been demonstrated to have no
influence on alkali silica reaction/alkali aggregate reaction (ASR/AAR).

A.7 Benefits of cathodic protection current when criteria in 8.6 are not fully met

The performance criteria for effective cathodic protection are specified in 8.6. If none of these are met,
then the system cannot be stated to comply with this document.

It should be noted, however, that in certain circumstances (such as older systems or structures where
remedial options were limited/constrained) a system that may not meet the criteria may bring benefit
to the structure. While not conferring “full cathodic protection”, a degree of corrosion rate reduction,

38 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=9656557349883638172a306c02dc6421

IS0 12696:2022(E)

or reduction in corrosion pit propagation can be achieved if the steel/concrete potential is shifted in a
negative direction.

The structure owner can wish to have expert assistance to estimate what benefits in reduction in the
rate of deterioration of the structure this partial cathodic polarization can deliver and if additional
assessment techniques can be used to inform what action, if any, to take. NACE SP008-2018-SGI20]
and NACE TR21463-2020[21] describe techniques that may be used to evaluate the condition of the
structure. Such assessments should be undertaken under the guidance of personnel certificated to
[SO 15257 Level 4 or above in the reinforced concrete sector or have equivalent training, qualifications

and experience.

The
steel
in th

concrete interface. The current is carried from the anode to the steel via the coneretq
e form of charged calcium, sodium and potassium ions (Ca2* Na* and K*) movingtowa

ranges at the

 pore water
rds the steel

while negatively charges ions move away from the negatively charged steel, such-as the [chloride ion
(CI7) [and the hydroxyl ion (OH) which are generated by the cathodic reaction [see’Formula (A.1)] and

which are present in the existing concrete pore solution.
The predominant cathodic reaction at the steel is:
| . ;
";02 + HZO +2e" — 20H (Al)
Wheh corrosion is due to chloride attack, the negative charge on cathodic steel repels negatively
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bed chloride ions. This has been demonstrated in practice by comparing chloridg
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e corrosion is due to carbonation, thé_generation of hydroxyl ions by the cathodid
teel surface [see Formula (A.1)] increases the pH toward the level at which the passiy
mes stable again. This is the principle behind the process of electrochemical realkaliZ
high currents over a short period-to re-passivate the steel.

onsequence of the removyal‘of chlorides from the steel surface, and of the generation
by the cathodic reaction’isthat the passive layer can re-form and the steel becomes prq
hging levels of corrosion:

mospherically exposed concrete (when the corrosion process is not limited by a restn
ht which oxygén)in the air reaches the steel), an apparent steel corrosion rate has beg
serting the.applied current density and steel potential shift into the Butler Volmer fqg
onlinearpolarization technique and is not considered to be accurate or secure. If this
it doeshot constitute an additional criterion to assess compliance with this documen

ve-steel is indicated by a corrosion rate of less than 1 mA/m? when determing
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depolarised

corrosion potential (i.e. movement of the potential towards less negative values) is also a sign
that protection is being achieved. However, field measurement of corrosion current with portable
instrumentation applied to steel in concrete is difficult and prone to inaccuracies. To use this technique
on cathodically protected, or partially protected, steel reinforced structures requires them to be fully
depolarised and, although possible, cannot be practical. This technique, if used, is not an additional
criterion to assess compliance with this document.

It can be appropriate to assess the residual corrosion risk and to assess its impact on the structural
integrity and the residual service life. The structure owner, based upon expert advice, can determine
that it is not necessary to meet the CP criteria and to accept the ongoing corrosion risk.
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Annex B
(informative)

Design process

B.1 General

In4.1,itis rg

In4.2,itisr
supervision
protection §
specifies a §
persons. 8.6
shall be cert

In4.3 itisrdg

design.
The design {
a) detailed
b) detailed
c) detailed
d) detailed
and opé
e) structu
embritt
In 6.1, itis r¢

be suitable for its intended lifeGmits intended environment.

B.2 Congd

CP systems
on sufficien

ystems shall have the appropriate level of competence for the tasks undertaken. ISO 1
uitable method which may be utilized for assessing the competence of'cathodic prote
requires that when ISO 15257 is used to demonstrate the competence of the persons,
ificated to Level 4 or above in the steel in concrete sector, as specified in ISO 15257.

quired that cathodic protection systems for steel in concrete’shall be the subject of det]

hall, as a minimum, include and document the following:
calculations;

installation drawings;

material and equipment specifications;

method statements or specifications for installation, testing, energizing, commissic
ration;

Fes containing prestressing. shall be assessed for their susceptibility to hydy
lement and for risk of straycurrents.

pquired that the entiyecathodic protection system shall be designed, installed and test]

ept CP desSign process

should,-prior to installation, be the subject of detailed design. The design should be H
F surviey of the structure and assessment of the data in order to sufficiently inform a

design and §

quired that each stage of the design shall be checked and the checking shall be documehted.

pquired that persons who undertake the design, supervision of installation, commissioping,
of operation, measurements, monitoring and supervision of maintenance’ of catlhodic

5257
ction
they

hiled

ning

ogen

ed to

ased
I the

ubsequent installation and operation steps in the CP process.

It is normal for structural surveys or assessments to be undertaken to confirm that the structure is
suitable for its intended function and life; this is not part of the CP assessment or design process and is
normally undertaken by experienced structural specialists and experts in the type of structure being

considered.

CP is often incorporated into concrete repair and may be incorporated into structural strengthening
works. In these applications, close integration and liaison is required between relevant specialist
persons at all stages of design, materials selection, works execution and CP commissioning. All
component parts and processes should be compatible.

40
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The design process is typically a staged process as follows:

a)

b)

d)

f)

g)

a confirmation that either the deterioration of the structure or the anticipated or possible future
deterioration within the design life of the structure is due to corrosion, typically caused by
chlorides and can be mitigated by CP;

a determination from the client, owner or operator, of the requirements for the service life of the
structure and life of the CP system, or parts of the CP system, within the service life;

a confirmation that the structure is suitable for the application of cathodic protection.
Subclause 5.10.3 requires that the designer shall consider the effect of primers or coatings applied

tareinforcement:

particular that the concrete does not contain prestressing or post tensioning stéelfl
een subject to corrosion and can be at risk of hydrogen induced stress cracking)(HISQ
rotection is applied. In this case, specialist investigation and testing beyond the ;
N 1504 series and this document are recommended, before a determinatiei’that CP ¢
pplied. Subclause 8.6 requires that for high yield steel (>550 N/mm?) orprestressing
otential limit shall have been determined by testing and be documented as part of t
otes that prestressing steel that is corroded can possibly not havefaysafe potential lim

gdn assessment of the chloride content and profiles, the ,réinforcement cover, st
half-cell) potential survey data (including a partial assessient of steel reinforceme
¢ontinuity), distribution of surface water on and watérvsaturation within the st
fequires that the designer shall consider whether full protection can be achieved, whe
ﬂlor the ranges of concrete resistivity found on the structure; in addition to informing fu
ensity requirements, these data inform the selection of suitable anode types;

gn assessment of the exposure conditions of the'structure, and any predicted changes ]
¢an influence the suitability of the availablé“anode options, the necessity or otherw
verlays and the type and location of DCpower supplies and cable management systen]

n assessment of the safe access_tgthe structure, including issues such as traffic 1
nd temporary supports needed ,during the works and subsequent operation, ins
aintenance of the structure and the CP system, that can influence the suitability of t
node options, the necessity:or otherwise of anode overlays and the type and location
upplies;

ny weight or aestheticlimitations of the structure that can influence the suitability of
node, overlay and\cable management options;

he availability of AC mains power or the practicalities of alternative power sources.

At thjis stage, the designer should be able to determine if CP is appropriate and what form it
It is then nécessary to consider in detail the particular parts of the structure, with their v
steel|reifforcement disposition, variations in accessibility for installation of steel cathode

anodesperformance assessment sensors and their associated cables, cable managen
supplies in order to determine the general concept and key component types of the CP system.
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B.3 Detailed CP design process

The detailed stage of the CP should then include but not be limited to:

a)

b)

© IS0 2022 - All rights reserved

detailed calculation of steel reinforcement (and any other embedded or surface contacted steel)
surface areas, paying particular attention to areas of reinforcing laps with higher localized current
requirements with associated concrete surface areas;

detailed assessment of those surfaces which cannot be accessed for CP system installation and
which can require different anode selection(s) to the majority of the structure (e.g. bridge deck ‘half
joints’, complex joints between parts of structures, sections with very deep chloride penetration,
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d)

f)

g)

h)

j)

k)

D)

42

which can require embedded discrete anodes when the remainder of the structure can be suitable
for surface mounted anodes);

selection of the optimum anode type, along with any associated overlay, and zoning of this selection
to deliver uniform or appropriate current delivery to reflect variations in steel density (ratio of
surface area of steel to surface area of concrete)/distribution and possibly chloride distribution;
anode selection is generally made on a combination of life, current density, reliability/track record,
exposure and cost assessments; sometimes aesthetics is important;

in case of the use of discrete anode or ribbon anode, the maximum distance between anode should
be estimated to avoid lack of protection and can be demonstrated by a trial;

detailed calculations to determine
— thelanode zone size,
— the|distribution of any current distributor or current distribution within the anode system, and

— the|number and distribution of positive anode/cable connections to demonstrate, thrjough
detgpiled calculations of volt drop in cables, current distributors, in the anode itself that the
anode current delivery in the concrete uniformly meets the design requirements and doejs not
var over the surface of the anode from these requirements by > +10%;

calculatiions to determine the number and distribution of negativeiable/reinforcement connecfions
and if the steel reinforcement cross-section and distribution, subject to known or assumed qyality
of bar/bar electrical continuity introduces significant resistance into the CP circuit and to avoid
any situation where steel cathode resistance results in cathode current density variations > #[10 %
of the d¢sign requirements due to volt drop in the steel;

determjnation of optimum cable conductor type (e@ minimum number of strands), cross-seftion
for curtent capacity, volt drop and sometimes mechanical durability, insulation and sheathing
materials (for chemical and environmental perfermance in addition to electrical resistance) along
with colour coding;

calculatiions of anode positive and steel‘cathode negative cable resistances between the DC ppwer
supply to demonstrate that the cable ‘volt drop is not disproportionate to the available ppwer
supply Voltage and does not resultyin variations to anode and cathode current densities ovelr the
structure > 10 % of the design requirements; it is normal good practice to limit cable volt drpp to
2V;

selectiolrl of reference electrode type(s) along with any other performance assessment sensdrs to
be emplloyed which can be affected by environment, structure function and design life;

determination and detailed design of cable management systems, with cables that may be
embedded in eoncrete, mounted on concrete in cable tray or conduits, or buried, which may be
routed Viajunction boxes all of which impacts durability and the electrical properties refergnced
above;

determination of the DC power characteristics required, the extent of data logging and or remote
monitoring and remote control and the type of enclosure for these to suit the environment,
including effects of impact (including vandalism), water (including flooding), dust; selection of
enclosure materials and finish to minimize maintenance requirements for the design life and to
suit any aesthetic constraints;

determination of AC electrical power requirements, its source and reliability; it can be necessary
to compare options for supply on a cost and reliability basis; determination of the requirements, if
any, for connections to GSM/internet for remote data logging/control.
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B.4 Design documentation

The detailed design should clearly demonstrate and document the following, in a manner that can be
independently verified or interrogated by a third party at another time. The detailed design should
include the following which may be documented as separate volumes:

a)
b)

c)

d)

e)

f)
g)

h)
i
j)
k)
1)

t)

detailed calculations;
an interpretative design report;

schematic, general arrangement and detail drawings that should be specific to the structure and
proposed system;

gpecifications for materials, installation, testing, commissioning and operation.

Through the above documents the design should, as a minimum, detail and demongstrate t:r following:

the assumed or measured pre-design survey parameters used for the désign inclu
limited to, exposure class for structure, chloride content and cover to reinforcement;

ing, but not

the parts of the structure to be protected;

the chosen scope of protection and zones, including to what’/depth of reinforcemgnt cathodic
protection is intended;

tthe chosen performance monitoring sensors and locations;

tthe chosen approach to cathodic protection and why,alternatives have been rejected;
the chosen steel cathode current density at what steel levels;

the chosen anode current density;

details of any specific testing and inspection required to achieve the required prqtection and
gervice life; this should include testing during installation of the CP system, including steel electrical
¢ontinuity;

etails of any specific installation methods required to achieve the required protectiorf and service
ife;

the intended service-life of the CP system and reasons for this; the anticipated requirements for
feplacement of alLorparts of the CP system during the intended service life;

gdny assumptions and requirements (e.g. operation and maintenance) required to achieye the above;

¢alculations demonstrating, for all variations of steel density, geometry and exposure condition (on a
¢ase-by=case basis), the surface area, and current demand for all representative steel arrangements,
including current drain from non-protected supplementary items where appropriate;

calculations demonstrating, for all variations of steel density, geometry and exposure condition (on
a case-by-case basis), that the designed CP system provides the required protection current from
each anode, or anode array, at an acceptable driving voltage;

calculations demonstrating, for all variations of steel density, geometry and exposure condition
(on a case-by-case basis), that the designed CP system provides the required protection in terms of
current distribution between anodes, or anode arrays at an acceptable driving voltage and without
producing excessive/unnecessary voltage gradients on the steel surface;

calculations demonstrating, for all variations of steel density, geometry and exposure condition
(on a case-by-case basis), that the designed CP system performs below the required anode surface
current density limits in both the short and long term;

calculations demonstrating, the expected current demand to each zone in both short and long term;
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u) calculations of cable voltage drops demonstrating, for all variations of steel density, geometry and
exposure condition (on a case-by-case basis), that the designed current cable cross-section allows
uniform zone anode current density (<10 % variation);

v) calculations to inform the manufacture of DC power supply (TR) equipment in terms of suitable DC
current and voltage output;

w) an index of all documents that are used as a basis for the design process;

x) if the system is based on the use of a galvanic anode material or material that can reasonably

be depleted during the life-time of the system, the designer should demonstrate that the system

f the

comprises suitable and sufficient anode material (m:lcc of mquri;\]) to satisfyv the dplivpry Q

calculat
the proy
intende

The designe
temporary (
demonstrat

B.5 Particular guidance related to cathode, anode and monitoring zones

It is necessa
the structur
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current proy
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For buried 3
for the ade
ISO 124734
provide var
need to calc

Using the r¢
(steel) curr
calculated a

These value
and select a

Determine t

ed current demand at both start and end of life conditions. The designer should con

i to function.

r may choose to demonstrate compliance with some of the above requireménts by us
r trial CP system. In this case, it is expected that a detailed report wilkbe-produced v
s that each of the requirements detailed above can be met by the proposed design.

ry to calculate detailed reinforcement and all additional-steel surface areas for all pai
e. Individual zones should be established within which\there is an approximate unifor
hce area relative to the exposed concrete surface aréa.

jat are intended to be protected using anodes ethbedded in the concrete or applied t

Fision to be matched to the local cathode currént demand. Therefore, calculations shou
de to a detail that determines the steel surface area in each square metre of the stru
b appropriate anode system and rating to6 be applied in each part of the structure.

nd immersed applications with more remote anodes, subject to the normal design pr
quate distribution of current-t6”the overall structure, as in EN 12495[Z], EN 129
| and ISO 15589-2[4], current distribution from the remote anodes to the steel is ah
ations in current provision/to match the local cathode current demand so there is al
late the local steel reinfercement surface areas with such discrimination.

inforcement and otheér steel surface area and distribution, along with the selected cat
bent density for-the desired level of protection, the CP current requirements shou
fong with the)operating anodic current density on each anode or anode zone.

5 shouldbe used to confirm the anode type, taking into account the factors given in Anj
h appropriate overlay material, where the anode is overlaid.

sider

en anode capacity of the material selected, and its likely utilization in the environment it is

b of a
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'ts of
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b the

face (typically all atmospherically exposed structures), it is necessary for the local anode
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Cture
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5419]
le to
bsser
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he-anode zone size and layout including calculation of locations and spacings of the an

ode

feeder cable and connections to the anode materials to ensure that local cathode current density
requirements are met and to minimize the voltage and anode current density differentials within
zones due to anode and cable resistances. Generally, anode current density within a zone should not
vary by more than +5 % above or below the average. Select any current distributor material and cross-
section, its distribution and current distributor/“positive cable” connections to provide the required
redundancy and to minimize voltage drops in order that the +5 % variance limit is achieved.

Different exposure conditions may dictate the use of different zones in the cathodic protection system
of a single structure, for example, a hollow, floating reinforced concrete structure may be separated into
the immersed zone utilizing immersed anodes in sea water, as detailed in ISO 124732l and EN 12495(7],
with the tidal zone protected by a combination of current from the immersed anodes and anodes
embedded in the concrete, as detailed in this document, with the splash zone protected by embedded or
surface-mounted anodes, as detailed in this document, and the atmospheric zone similarly protected by
similar or different embedded or surface-mounted anodes, as detailed in this document.
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Different elements of structures may require being combined into single zones: typical zones for
impressed current systems will have current ratings of 0,5 A to 2 A or possibly as high as 5 A if the
steel/reinforcement distribution within the zone is uniform. With some anode systems, for example,
mixed metal-oxide-coated titanium (MMO/Ti), it can be possible to vary the distribution and grade of
anode within a zone in order to match the calculated local current demand and provide uniform cathode
(steel) current density within a single complex zone for cathodic protection systems on atmospherically
exposed structures or where a distributed anode is required to cope with a high electrolyte resistivity.

Each zone of an impressed current system should be adequately monitored with permanent reference
electrodes. There should be typically a minimum of two reference electrodes per zone or one per
100 m?2, whichever is greater. Their locations should be selected to be representative of the entire zone
but IS0 to monitor locations where steel density, chloride contamination, environmental exposure or
othef factors can represent an area of greater risk of corrosion or greater difficulty of pnotection.

Negdtive connections to the steel should be similarly typically two per zone minimum
200 m2, whichever is the greater.

or one per

er reference
0,5 m of the

Test
elect
elect]

connections to the steel should be like the steel negative connections or dedicated one p
rode and connected to steel close to the electrode (but not in concréte repairs within
rode).

Whe
as in

e potential decay probes are used, similar quantities and location considerations shquld be used

respect of reference electrodes.

B.6 | Current provision
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b the operating current demand and reserve capacity required, the total current provj
Iculated.

fal current demands are 2 mA/m? to,20°mA/m? (of steel) for steel in chloride cqntaminated
Fete (for cathodic protection) and _0,2mA/m? to 2 mA/m?2 for passive steel in pon-chloride
nminated concrete (for cathodic:prevention). Current density demand is higher with higher
ide content, higher humidity afid*at higher temperatures. For temperate climates yith limited
ide contamination, most applications to existing corroding structures is commissiondd at current
jties <10 mA/m?2.
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Due ent demand

for c

o polarization (chemical-changes at and around the steel/concrete interface), the cury
ithodic protection declines with time.

The 1
remd

h steel more
es for all the

einforcement/stéeél closest to the anode receives a higher cathode current density tha
te from the @node. In the “typical current demands”, the values given are average valu

steel
from|
layer]
delivi

in a typicabstructure. If the design current is (say) 20 mA/m? and it will be delivered
an anode.system embedded in the cover concrete, and if the structure is a wall with t
s of reibforcement each comprising vertical and horizontal bars, it is likely that the cur

eréd\from the anode to the nearest principle layer of steel is in the range 25 mA/m? t

to the steel
o principle
rent density
b 30 mA/m?

and anly some 10 mA,/m2 tao 15 mAI/m2 ta the furthest principle layer (see Reference [22]) The design
should reflect this shielding effect of one layer of reinforcement by another and ensure that all steel
receives the current density determined to be necessary for its adequate cathodic protection/cathodic
prevention.

B.7 Specific design issues for buried and immersed concrete structures

When designing cathodic protection for steel in buried/immersed concrete structures, the cathodic
protection system type (impressed current or galvanic) should be selected based on considerations of
local conditions, current demand, installation and maintenance requirements.

Where anodes/anode groundbeds are located close to the concrete structure, the location and
distribution should consider current distribution, ensuring that no areas are subject to excessive
current delivery/collection or are shielded to an extent that insufficient current is provided.
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