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

Because the criteria of protection for steel in buried or immersed concrete are those applicable to
cathodic protection of steel in atmospherically exposed concrete, this revision of EN 12696:2000
incorporates cathodic protection of steel in buried and immersed concrete. The provision of cathodic
protection current can often be more economically provided to steel in buried and immersed concrete
by using buried or immersed anode systems detailed in International Standards for buried and
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1

thodic protection of steel in concrete

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 normal reinforcement and prestressed reinforcement embedded in the concrete. It is

applicable to uncoated steel reinforcement and to organic-coated steel reinforcement.
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document applies to steel embedded in atmospherically exposed, buried, immerse
ents of buildings or structures.

BE1 AnnexA gives guidance on the principles of cathodic protection and its applieation to ste{

K2 This document, while not specifically intended to address cathodic protection of

‘olyte except concrete, can be applied to cathodic protection of steel in atlier cementitious mat

Cations, additional considerations specific to these structures are required in respect of desi
nstallation of cathodic protection; however, the requirements ofsthis document can be app
ms.

i

Normative references

following documents 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

1504 (all parts), Products and systemis for the protection and repair of concrete s

itions, requirements, quality controland evaluation of conformity

1629, Products and systems for the protection and repair of concrete structures — Test
rmination of chloride conténtin hardened concrete

1630, Products and systems for the protection and repair of concrete structures — Test
rmination of carbontation depth in hardened concrete by the phenolphthalein method

6$0502-1, Power oables with extruded insulation and their accessories for rated voltage
= 1,2 kV) te.30°kV (Um = 36 kV) — Part 1: Cables for rated voltages of 1 kV (Um = 1,2
= 3,6 kV)

0529y Degrees of protection provided by enclosures (IP Code)

bd and tidal

bl in concrete.

steel in any
erials such as

und, for example, in early 20th century steel-framed masonry, brick and terracotta clad buildings. In such

on, materials
lied to these

heir content
applies. For
hts) applies.

[ructures —
methods —

methods —

s from 1 kV
<) and 3 kV

1 14{\, Protection ngnincf— electric shock — Common ncpor‘tcfnr installation-and aqnipmoy

t

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

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

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

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

IEC 61558-2-16, Safety of transformers, reactors, power supply units and similar products for voltages
up to 1 100 V — Part 2-16: Particular requirements and tests for switch mode power supply units and
transformers for switch mode power supply units

IEC 62262,|Degrees of protection provided by enclosures for electrical equipment against éxternal
mechanical mpacts (IK code)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 8044 and EN 1504 (all parts)
and the follgwing apply.

ISO and [EC|maintain terminological databases for use in standardization atithe following addressgs:

— IEC Eleqtropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

31
zone
part of a cathodic protection system

Note 1 to enfry: Anode systems may be divided into_separate zones to supply current to a fully contifuous
reinforcemerft mesh. Alternatively, a single anode zone may supply current to separate, electrically iso|ated,
zones within|the reinforcement system. Zones may . comprise an individual anode zone for each reinforcgment
zone or expolsure condition. As the current proyision to each of the zones in each of these alternatives chn be
separately measured, all of them are generically called “cathodic protection zones” and specifically “anode zpnes”
or “cathode zpnes”.

3.2
humectant
hygroscopiqmaterial, i.e. a substance that promotes the retention of moisture

Note 1 to entfy: It may be applied to the surface of a galvanic anode to keep the concrete-anode interface mpist.

4 General

4.1 Quality1nanagement systems

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.

NOTE ISO 9000 constitutes a suitable quality management systems standard which can be utilized.
Each element of the work shall be undertaken in accordance with a fully documented quality plan.
Each stage of the design shall be checked and the checking shall be documented.

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

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

2 © IS0 2016 - All rights reserved
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The documentation shall constitute part of the permanent records for the works.

4.2

Personnel

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

whic

h they are responsible.

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

engirnfeering.

Pers
oper
shall
metH

The
be de¢
proc

4.3
This
Cath
The
a)

b)

)

d)

q

e) |
4

Annd

5 §

isrequired in

htion, measurements, monitoring and supervision of maintenance of cathodjc-protect
have the appropriate level of competence for the tasks undertaken. EN 15257 specifi
od which may be utilized for assessing the competence of cathodic protection personr

fompetence of cathodic protection personnel to the appropriate level for tasks undert]
bdure.
Design

document does not represent a design code, but is a pérformance standard.

bdic protection systems for steel in concrete shall*be the subject of detailed design.

esign shall, as a minimum, include the following:
etailed calculations;

etailed installation drawings;

etailed material and equipment Specifications;

etailed method statemerits or specifications for installation, testing, energizing, cof
ind operation;

tructures containiing prestressing shall be assessed for their susceptibility t
bmbrittlement andfor risk of stray currents.

x B lists itemsthat should be considered in the detailed design.

ptructure assessment and repair

bnnel who undertake the design, supervision of installation, commissioningy supervision of

ion systems
bs a suitable
el.

aken should

monstrated by certification in accordance with EN 15257 or by andther equivalent prequalification

nmissioning

b hydrogen

5.1

For c

General

athodic 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 cathodic protection is proposed as the repair/protection method, or part of it, for a structure,
additional investigation shall be undertaken in order to

a) confirm the suitability of cathodic protection, and

b) provide system-design input information. See Annex B.

Thes

© ISO
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5.2 Records

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

The available information shall be confirmed and supplemented by site survey and laboratory tests, as

specified in

5.3to 5.8.

5.3 Visual inspection and delamination survey

Visual surv
features of
and effectiy
methods an

All areas of
of the concr

Defects, suc
penetration
system, sha

Where necse
excavation 4

Fy data shall be collected to ascertain the type, causes and extent of defects, ang
the structure or its surrounding environment, which could influence the appli¢
eness of cathodic protection. Areas which have been previously repaired, and,the r
1 materials, shall be identified.

the structure which require to be cathodically protected shall be checked fer delamin
bte cover.

h as cracks, honeycombing or poor construction joints, which couldpermit significant v
and which could in turn impair the effectiveness or durability of the cathodic prote
1 be recorded.

ssary, the inspection and survey of buried or immersed elements will be facilitatg
nd or cofferdams.

5.4 Chloride analysis

If required,
accordance

values and distributions of the chloride céntent of the concrete shall be determin
with EN 14629.

5.5 Carbonation depth measurement

If required,

5.6 Concl

Concrete co|
shall be carj
particular aj
require high
metal fibre
efficiency o
and impres§

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

"ete cover and reinforcement location

ver distribution and,embedded steel and reinforcement size and position measure

node system, enyisaged, and to identify dense regions of steel or reinforcement which

current density. Shielding of the steel to be protected, caused by embedded metal me
b or plates,' plastic sheets or non-conductive repair materials, which could impai
[ cathodie protection, shall be assessed. Possible short-circuits between reinforcing
ed.€ufrent anodes shall be assessed.

any
htion
Ppair

htion

vater
ction

d by

bd in

ents
ried out in order-to assess whether the anode/cathode spacing will be adequate f(r)lt the

may
shes,
- the
steel

For buried
system is to

T IMTMETSEd Structures or ZoTes, the concrete cover iy be tess sigmificantif the=a
comprise anodes buried or immersed and located some distance from the structure.

5.7 Reinforcement electrical continuity

node

Drawings of reinforcement and other steel elements shall be checked for continuity which shall then
be proven on site by measuring the electrical resistance and/or potential difference between bars
in locations remote from each other across the structure. Testing shall be as specified in 7.1 for the
purpose of confirming cathodic protection feasibility and providing design information. This shall
include at least an assessment of the following on a representative basis:

a) electrical continuity between elements of the structure within each zone of the cathodic
protection system;

© ISO 2016 - All rights reserved
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b) electrical continuity of reinforcement within elements of the structure;

‘)

electrical continuity of metallic items, other than reinforcement, to the reinforcement itself.

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

5.8

Repr

Steel/concrete potential

esentative areas, both damaged and apparently undamaged, shall

be surveyed for

reinforcement/steel corrosion activity, using portable reference electrodes conforming to 6.3.2.

Mead

NOTH
appr
insta

Cont
and s

Meas
inter

UTETENtS Siatl be taket, preferably omam orthogomat grid, ata XTI Spacing of 5

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

nuity of the reinforcement and steel within any steel/concrete potential.survey areg
hall be checked, using the method in 7.1 before the steel/concrete potential survey.

urements in any areas identified as delaminated, in the survey specified in 5.3
preted with caution, because delamination can produce readings inconsistent with

corrgsion of the reinforcement or other embedded steel.

D0 mm.
ructure. It is
permanently

is essential

, should be
the level of

NOTE2 ASTM (876, RILEM TC 154 report (2003)[9] and Concrete Society Technical Report €0[10] provide
guidgnce with respect to steel/concrete potential measurementsyand interpretation.

5.9 | Concrete electrical resistivity

The impact of variations in concrete resistivity,on the cathodic protection system shall be|considered.
Therg is no firm guidance on limits of electxical resistivity with respect to cathodic prqtection, but
the designer shall consider whether full protection can be achieved where required for the ranges and
absolute values of concrete resistivity fourid on the structure.

NOTH RILEM TC 154 Report (2000)[11] and Concrete Society Technical Report 60[10] provide guidance with
respgct to concrete electrical resistivity measurements and interpretation.

5.10 Repair

5.10{1 General

All operations egmprising repair shall be performed in accordance with EN 1504 (all parts), except
wherfe stated‘therwise in this subclause.

NOTH Installation of cathodic protection to an existing structure may be associated with other forms of

repaif work such as strengthenmg, patchlng or coatmg, as determmed in accordance w1th EN 15 4 (all parts).
In this : e Sig - e =te-to provide an
unlnterrupted path for the flow of cathodic protectlon current prlor to the 1nstallat10n of cathodlc protection,
as well as reinstatement at locations where concrete has been removed to provide access to reinforcement and
other steel, to install cable connections and monitoring sensors, etc.

5.10.2 Concrete removal

All repair materials from previous installations with significantly different electrical resistivity from
the parent concrete shall be broken out.

Typically, these repair materials with an electrical resistivity outside the range of approximately half
to twice that of the parent concrete, when measured under the same conditions as the parent concrete,
should be removed in order to allow relatively uniform current distribution to reinforcement. For
example, predominantly epoxy-based repair materials will have very high resistivity values and may

© ISO 2016 - All rights reserved
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shield reinforcement within or behind them from cathodic protection. Concrete reinforced with metallic
fibres may have very low electrical resistivity and the fibres may form an electrical short-circuit path
between the anode and the steel.

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

NOTE

and may require to be electrically bonded to the reinforcement or removed.

The remova

1 of physically sound chloride-contaminated or carbonated concrete prior to app

Any metallic objects electrically isolated from the cathodic protection cathode circuit may corrode

ying

cathodic prd

5.10.3 Reil

Any loose ¢
to ensure g
reinforcems

Neither insy

tection is not necessary.

rforcement preparation

rrosion product particles shall be removed from the exposed reinforcement’or other
bod contact between the steel and the repair material, but there is noe_need to clea
nt or other steel, to be embedded in concrete, to bright metal.

lating nor resistive primers or coatings shall be used.

5.10.4 Concrete reinstatement

Concrete re
subclause.

Concrete sh
fibre or pow
resistivity ¢
the original
installation

The electric

NOTE Ty
to twice that
the electrica
electrical red
that there wi
not represen
with cathodi

5.11 Cemgq

For cathodi

nstatement shall be in accordance with EN 1504 (all\parts), except where stated ir

all be reinstated using cementitious materials."Repair materials containing metal (¢
rder) shall not be used, especially in the case-of impressed current systems. The elect
haracteristics and mechanical properties.of the repair materials shall be compatible

over the repair area. Alternative curihg methods shall be used.

pically, these repair materialsswill have an electrical resistivity within the range approximatel
of the parent concrete when.nieasured under the same conditions as the parent concrete. Hoy
resistivity of the parent\concrete will be that of an aged material (age >20 years), whered
istivity of the repair.material will reflect the properties at a relatively young age; it is antici
1 be a significant ageing effect over time. Also, measurements made in the laboratory on prism|
the conditions of the structure. A good quality repair made with materials known to be comp

ntitious-overlay

C protection systems employing anode systems as outlined in 6.2.2.2, following rep4

specified in

bl resistivity of concrete repair materials shall be similar to that of the parent concret¢.

F protection installations has been found to be more important than arbitrary resistivity limitf

steel
h the

this

ither
rical
with

concrete. Proprietary curing membrxanes shall not be used prior to subsequent anode

h

[ half

ever,
s the
bated
s will
htible

D.

ir as

5 1), 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 the existing concrete and
overlay shall be greater than 1,5 MPa and the minimum shall be greater than 1,0 MPa.

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

Overlay application may be combined with concrete repair.

The electrical resistivity of anode overlays may exceed twice that of parent concrete subject to the
anode within the overlay being able to pass its design current at the design voltage, in an overlay of this
resistivity, in all atmospheric and exposure conditions applicable to the structure.
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The selected material, thickness and placement method shall be compatible with each other, with the
anode material and the exposure of the structure.

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

5.12 New structures

In the case of a new structure, if cathodic protection as a preventive system is to be included in the
original construction, the following issues shall be assessed in the design, specification and construction

procedures, in addition to the requirements of the remainder of this document and of th
govelning the design and construction of the new structure:

a)
b)

)

d)
1

q

6 ¢

6.1

The
protq
protq
the 4
protq

For ¢

anode and the steel, éxgept where monitoring that requires current interruption is installe

Refe]
systd
data
or pd

gnd reinforcement/steel (cathode) shall be used to detect short-circuits during concret

rovision and checking of reinforcement/steel electrical continuity, in accordance€ with

dequate securing and protection of monitoring sensors and all cables@and their con
void damage or disturbance during concrete placement and vibration;

onnection, location or insulation of other metallic fixtures, fixings)or other items, sq
ndesirable influences from the cathodic protection system;

the case of impressed current anodes cast into the concrete structure, provision
igid insulating spacers and attachments to secure the angdes in position and prevent
f short-circuits during concrete placement and vibration. The potential monitoring bet

Cathodic protection system components

General

cathodic protection system shall\include an anode system intended to distribute {
bction current to the surfaces of'the embedded steel to be protected. Impressed curr
bction systems shall furtherincorporate positive and negative direct current cab
node and the steel, respéctively, and the DC power supply, which is the source of {
pction current.

palvanic anode systems, direct permanent metallic connections shall be provided |

‘ence electrodes, other electrodes and other sensors are key elements of cathodi
ms and constitute the performance monitoring system within cathodic protection s
from_the-electrodes and sensors may be interrogated and displayed by portable insti
rmdneéntly installed instrumentation of either the automatic or manual type.

e standards

7.1;

nections, to

as to avoid

of sufficient
the creation
ween anode
b placement.

he cathodic
bnt cathodic
es between
he cathodic

etween the
d.

© protection
ystems. The
umentation

1. |

The

b= +] pa + i + laall H P g | PN | J & ad & 1 H
HIUTT LAatlIUUIU pruttULIVITD Sy SLTIIL Slidll DT UTSIgIHTU, T1IS5tdlltU dIIU tTSITU U UT SUl

intended life in its intended environment.

able for its

Both impressed current and galvanic anode cathodic protection systems require monitoring provisions
in order to determine the performance and comply with this document.

NOTE

perfo
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6.2 Anode systems
See Annex C.

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

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

a) the congrete at the anode/concrete interface, or
b) the anofle, during the design life of the anode.

The design dnd/or the selection of the anode material shall consider likely variations in.eathode cufrent
density reqliirements, steel distribution, concrete electrical resistivity and any other factors lik¢ly to
result in ungven distribution of current demand or current discharge from the anode‘and the possibility
of this resulfing 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 fo be suitable for use embedded in concrete or applied to the concréte primarily (but not exclusjvely)
in the cathodic protection of steel in atmospherically exposed concrete. The nequirements for such anodgs are
unique for usjage of cathodic protection in concrete, as the anodes have to b€ installed or applied and distributed
across the concrete surface or within the concrete, as required, to meet‘the design distribution and magrfitude
of current. The anode is therefore in close contact with the highly alkalinie concrete pore water. In operatioh, the
anodic electrpchemical reactions at the anode/concrete interface argoxidizing, producing acidity.

NOTE 2 Ti)e anode systems described in this document are in‘two categories. Anode systems which havelbeen
in use for a inimum of 5 years and which have extensive)generally successful, track records are coveiled in
6.2.1 and 6.2)2. Itis not intended that the use of other, perhaps newer or less well proven, anode materials is|to be
precluded as|this would restrict the necessary and adyvantageous development of new, possibly improved, gnode
materials. Afjodes are listed non-exclusively in Annex.C.

It is likely tlhat new and effective anode materials will be developed for cathodic protection of st¢el in
concrete. It |s not the purpose of this document to preclude their use. It is recommended that the yse of
any anode should only be undertaken where performance can be demonstrated by laboratory tegting,
trials and/of past projects.

It is suggested that new anode“materials for cathodic protection of steel in concrete should bg¢ the
subject of rigorous laboratorytesting and, wherever possible, extended and/or accelerated field frials
prior to comjmercial non-trial applications.

NOTE 3  Tlere is ad éstablished test method for accelerated life testing of anodes embedded in confrete,
NACE/TM 0294[12] anéd for organic-based conductive-coating anodes.[13]

Anode systems-used for the protection of steel in buried or immersed concrete are detailed in European
Standards W%—Wﬁ—%ﬁ%%md—k&eﬁﬂ—olp

6.2.1 Conductive coating anode systems

6.2.1.1 Organic coatings
These coatings are used as impressed current anodes.

The anode system shall comprise an organic conductive coating (solvent based or water soluble,
containing a carbon conductor) and a series of conductors (primary anodes) fixed to the concrete
surface or integrated into the coating, in order that the conductors can distribute current within the
coating. The conductors shall be of material able to resist anodic reactions, e.g. platinum-coated or
platinum-clad titanium or niobium which may be copper cored, or mixed metal-oxide-coated titanium.
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The combination of conductive coating and primary anodes shall be demonstrated by trials or past
projects to enable the design anode performance to be achieved. The spacing of primary anodes within
the conductive coating shall be such that it can be calculated or demonstrated that the variation in
anode current output attributable to the resistance, within the coating, between primary anodes, does

note

xceed +10 % of the average current output measured as a +10 % voltage drop.

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

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

Data
requ

See

6.2.1
The :

The ]
In al
spraj

Whe
the

A hu
thein

To ay

shall be provided determining the wet and/or dry film thickness requirements g
red dry film conductivity.

\nnex C for further information.

.2 Thermally sprayed metallic coatings

(n coatings are used both as impressed current anodes and as galvanic anodes; the Al-Z
oy anodes are used as a galvanic anode. Ti is used as an impfessed current anode wit
 to lower the anode-to-concrete interfacial resistance.

h thermal sprayed metallic coatings are used as galvanic anodes, they may be applie
pinforcement/steel where it is exposed, as well as predominantly to the sound concret]

mectant may be applied to thermal sprayed metallic coatings used as galvanic anode;
performance.

The
enab

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

The adhesion of the ¢oating to the concrete, subject to appropriate surface preparation ar
application technigue, shall be suitable to achieve the full design life of the anode system.

Data|shall be provided for determining the application process requirements to achieve t
film thickness'dand conductivity.

Metdlli¢ connectors (of Cu, Cu-Zn-alloys, Ti or steel) mechanically bonded to the concrete §

fombination of metallic coating and connectors shall be demonstrated by trials or pas
e the design anode performance to be achieved.

achieve the

inode system shall comprise a thermally sprayed metallic coating 6f/Zn, Al-Zn, Al-Zn-I or Ti.

n and Al-Zn-
h a catalytic

] directly to
e surface.

to enhance

roid atmospheric corrosion and prolong-the lifetime of the anode, an organic top-coating may be
applied to the thermal sprayed metallic layer.

t projects to

'ts to enable

d the above

he required

urface shall

be inistalled prior to metallic rnnfing nppli{‘nfinn

See Annex C for further information.

6.2.2 Activated titanium anode systems

6.2.2.1 General

Thes

e anodes are used as impressed current anodes.

The anode system shall comprise a substrate of titanium[14] and an electrocatalytic coating containing
oxides of platinum group metals, platinum, iridium or ruthenium along with oxides of titanium,

© ISO
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zirconium and tantalum, together with anode/cable connections and a cementitious overlay or

surround.

NOTE 1

dimensionally stable anodes (DSA).

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

The coating composition and thickness, or mass per unit area, shall be demonstrated by trials and/or

laboratory testing to enable the design anode performance to be achieved.

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

6.2.2.2 S rface incfn"nd

The activatgd 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 elec{rical

connectiong 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 g¢nable the design anode and anode/cable connection performance tobe achieved.

Non-metallig fixings shall be utilized to facilitate the fixing of the anode material to the surface qf the

concrete or|to reinforcement/steel prior to pouring the concrete, and shall ensure that there afe no

short-circuifs between anode and reinforcement/steel.

See Annex ( for further information.

6.2.2.3 Installation into recesses in cover concrete

The anode shall take the form of solid or mesh titanium strips or grids complete with the electrocatalytic

coating, suitable for recessing into grooves cut into the‘cover concrete, or be activated titanium gtrips

and grids with non-metallic fixings to facilitate, {hstallation onto exposed reinforcement pripr to

concrete pldcement.

The size and distribution of the strips or grids'shall conform to the cathodic protection system dg¢sign

and the magimum anode current density

See Annex ( for further information-

6.2.2.4 Embedded within the structure

Activated tifanium shall bé embedded within the structure in one of the following ways:

a) electrogatalytically/coated titanium in the form of strip, mesh, grid or tubes shall be embedded into
a cementitious.repair mortar in holes drilled into the concrete;

b) anodes |of-assimilar form or platinum-coated titanium rods shall be used in conjunction wjith a
conductlive‘graphite-based backfill;

c) anodes of a similar form shall be cast into new construction for cathodic prevention or into concrete

repairs

for cathodic protection.

Where a backfill (e.g. graphite) is part of the anode system, its operating current density based upon
the dimensions of the hole drilled in the concrete, and the anode current density within the backfill
shall conform to the cathodic protection system design (see 4.3) and shall be limited to values which
can be demonstrated by trials or past projects to enable the requisite anode, backfill and anode/cable
connection performance to be achieved. Where graphite backfill is utilized, the graphite shall be
considered as the anode in calculating the minimum anode/reinforcement or other steel spacing.

See Annex C for further information.
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6.2.3 Titania ceramic anodes

See Annex C for further information.

6.2.4 Conductive cementitious anodes

See Annex C for further information.

6.2.5 Embedded galvanic anodes

Thes

e consist of zinc anodes in an activating encapsulation.

One

the 1
ina(
area

Anot
core

See
6.2.4

6.2.4

This
orm
(or ja
and 1
wate

See

6.2.4

hnode type consists of a disk of zinc encased in proprietary activating mortar with.¢o
einforcing bar (rebar) attached. One or more galvanic anodes are attached to-the re
oncrete repair. The anode will corrode and provide current which may be sufficient t
around the patch repair.

her anode type allows a “string” of zinc anodes in proprietary activating\miortar to be ¢
| holes in the concrete.

innex C for further information.
Surface-mounted galvanic anodes

.1 Zinc mesh in overlay

node is designed for splash and tidal zone applications. It consists of an expanded zing
bsh, mechanically fixed and grouted to the prepared concrete surface. It may use a pert
cket) containing an expanded mesh zinc anode which is clamped to a concrete pile i
idal zone. This is filled with a cementitieus grout. Cast zinc anodes may be attached be
I line.

A nnex C for further information.

.2 Adhesive zinc-sheet-anode

A “glue on” anode system-has been developed that can be applied directly to a prepar

surfd
The
aret

See 4

6.2.7

ce. The adhesive isathydrogel, as used in attaching electrodes to the skin for medical
inode is suppliedinTolls of adhesive covered zinc sheet and is attached to the structu
hen soldered together and attached directly to the steel.

\nnex C for further information.

Buried and immersed anodes

hnections to
inforcement
0 protect an

mbedded in

metal sheet
nanent form
n the splash
low the low-

ed concrete
ipplications.
fre. The rolls

6.2.7.1 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, etc. and as described in EN 12473, EN 12954,
EN 12495 and EN 12474 may 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 steel in concrete structure is buried or
immersed.

© ISO
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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.

NOTE

The Bibliography provides additional sources of data on the design and application of buried and

immersed anodes that can be applied to supplying cathodic protection (or cathodic prevention) current to steel

in buried or i

6.2.7.2

mmersed concrete structures.[10][11]

Immersed concrete structures

6.2.7.2.1 Galvanic anodes

For immers
or magnesiy
for saline W
particular c

The numbe
the (soil or ¥
uniform cun

Electrical c
anode supp
the steel wit
to a suitabld

6.2.7.2.2

Impressed ¢
including hi
platinized t
distance fro

The number
demand, the

bd concrete structures, galvanic anodes, comprising alloys of aluminium-zinc-indium
m alloys, may be used as described in EN 12495. Aluminium-based alloys are anly sui
rater conditions. In very low resistivity environments or if magnesium alloys are
bnsideration shall be given to acceptable negative potential limits (see 8.6};

vater) electrolyte resistivity, the structure size and shape, and shall\be designed to ef
rent distribution and polarization to the structure.

nnections between the anode and the steel in the concrete may be by direct weldi
brts to the steel (either during construction of the structiice or after excavation to ex
h suitable concrete repair following welding) or by the use of an integral anode cable
contact point(s) on the steel.

mpressed current anodes

urrent anodes with long-established track“tecords in buried or immersed applicat
bh-silicon iron (with chrome in chloride environments), mixed metal-oxide-coated titar
tanium or platinized niobium mounted either on the concrete structure or located
m the structure (as remote anodes)fas described in EN 12495, may be used.

size, capacity and location of impressed current anodes will be dependent on the cu

ensure unii])

Where ano
and the con
which could|

6.2.7.3 Buried conerete structures

6.2.7.3.1

rm current distribution-and polarization to the structure.

‘rete to prevent excessive current entering the concrete immediately adjacent to the aj
result in localever polarization.

Falvanic anodes

zinc
[table
ised,

, size, capacity and location of galvanic anodes will be dependent on the current dempand,

sure

ng of
pose
fixed

ions,
lium,
some

rrent

(soil or water) electrolyte resistivity, the structure size and shape, and shall be designed to

es are fixed directly tothe structure, a dielectric shield may be required between the anode

hode,

For concreteStructures buried 1 Soil (INciuding foundations, Storage tanks and CONCrete pipetines),
galvanic anodes with long-established track records in buried applications based on zinc or magnesium
alloys, as described in EN 12954, may be used.

Anodes will normally be located 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 will be 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).
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The number, size and location of anodes will be dependent 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.

6.2.7.3.2 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, may be used. Anodes will normally be installed
in a conductive backfill (typically calcined petroleum coke) and may be located either as single anodes
or griouped to form horizontal or vertical groundbeds (anode groups).

The number, size, capacity and location of impressed current anodes and groundbeds)will be dependent

on th

desig
over
somg
atter
grou

6.3

6.3.1

In o1
incot
strud

The
pote

NOTH
KCl a

NOTH
may 4

NOT]H
KCl e
elect

Refe]
pote

NOTH

e current demand from the structure, the structure size and geometry, and the s6il reg
n shall take into account requirements for ensuring uniform current distribution and
the structure, as well as available space/right of access where large-siZe groundbeds

distance from the concrete structure. For longitudinal structures-(e.g. pipelines) il
uation along the structure length shall be considered in the determination of spaci
hdbeds and between the structure and the groundbeds.

Monitoring sensors

General

der to determine the performance of the cathodic protection, a monitoring syst
porated. The monitoring system shall incorporate sensors at representative points ov
ture/anode zone to be protected.

cathodic protection system performance shall be determined by measuring the st
htial, using reference electrodes.

1  Suitable reference electrodes\for permanent embedding in concrete include double junct
hd Mn/MnO2/0,5 M NaOH electtodes.

2 Other sensors, suchras-potential decay electrodes, current density coupons, macro-cel
Iso be used in conjunction-with reference electrodes.

3 In some envirenments, such as in the presence of bromides, iodides or ionizing radiati
ectrodes may be-unstable. In instances of significant temperature changes, all electrodes wil
rode potential/lnv$some such circumstances, it may be necessary to utilize potential decay prolj

‘ence eléctrodes are used to measure absolute potential values, as in 8.6. Their ow
htial shall be accurate and stable with respect to a standard electrode.

4~ This is typically expressed in theory with respect to a standard hydrogen electrods

istivity. The
polarization
are located
h particular,
ng between

bm shall be
br the entire

bel /concrete

ion Ag/AgCl/

probes, etc.,

on, Ag/AgCl/
change their
es only.

n electrode

but is more

freq

eIty TMeasured 11T the faboratory wWitl TESpect to a Saturated calomel electrode.

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.

All sensors shall be sufficiently robust for installation and permanent exposure in highly alkaline
conditions.
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The cables and cable connections to sensors shall be similarly robust and alkaline resistant and acid

resistant ifi

n 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.

Portable reference electrodes to be used directly on the concrete surface shall have an integral, but

replaceable,

sponge for contact with the concrete.

Portable re
maintained
electrodes s
beginning a

NOTE1 Sy
saturated cal

d

NOTE2 C
mercury. Cu
high risk of s

6.3.3 Oth

6.3.3.1 Pqg

Potential dd
8.6 a)] or loy

NOTE1  Pq
have the rev
They may be
typically am

NOTE 2
titanium.

N

6.3.3.2 (q
Coupons an

Where used
to the strud
embedding
is already in

ference—ctectrodes—shattbe bupp‘licd witha—catibrationr—certifrcate—anmd—shatt-be—st
and handled in full accordance with the manufacturer’s instructions. Portable nefex
hall be checked against a known laboratory standard reference electrode, or siniilar, g
hd end of each site application.

itable portable reference electrodes include gel-filled, double-junction Ag/AgCl/0,5 M KC
omel electrodes (in a non-glass housing) (SCE).

lomel electrodes may not be suitable for site use for health and safety~reasons as they co

gnificant errors if copper sulfate leaks onto the concrete surface.[13]
er SEnsors

jtential decay probes

cay probes shall not be used to measure absolute steel/concrete potential [as specifi
1g-term potential decay beyond 24 h.

tential decay probes are sensors enabling the measurement of steel/concrete potential, but d
ersible stability of their own half-cell pétential in order to be classified as a reference elect
used to determine the potential change/(during “on and off switching”) over a limited time p
hximum of 24 h.

itable potential decay probes*fer'permanent embedding in concrete include graphite and acti

upons and macroccell probes
l macro-cells areoptional additional monitoring sensors.

, coupons-anid macro-cell probes shall be manufactured from steel of similar compos
ture-reinforcing steel and shall either be of rugged construction suitable for perms
n conerete or be constructed by isolating and instrumenting existing reinforcement y
place.

pred,
ence
t the

| and

ntain

saturated CuSO4 electrodes (CSE) are not recommended for use on¢concrete surfaces due flo the

ed in

o not
rode.
briod,

vated

ition
nent
rhich

Macro-cell probes shall be encased in chloride-rich mortar cylinders. The chloride content of the
cylinders (with respect to the mass of the cement) shall be at least five times the average chloride
content of the structure concrete (with respect to the mass of the cement) and exceed the maximum
chloride content at the depth of reinforcement.

Current density coupons or macro-cell probes may be used to estimate the local current density
collected on the steel cathode; for this application, the coupon shall be of a known surface area.

NOTE Macro-cell probes can also be used to confirm that local active corrosion sites (“hot spots”) receive
sufficient current from the cathodic protection system to control corrosion. This is indicated by a reversal of the
net current flow between the macro-cells and the main reinforcement after the cathodic protection system has
been energized.
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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

structure to be determined using a portable reference electrode.

6.4

Monitoring instrumentation

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

6.4.1
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6.4.3

6.4.3

Data

General

toring instrumentation shall be used to interrogate monitoring sensors installed t
erformance of the cathodic protection system and the operating condition(ef the di

er supply.

Monitoring instrumentation may comprise manual devices, portable data loggers or
led data loggers. Instrumentation is principally required to measure direct.current voltages.
p-cell probes are incorporated or other measurements are required, then-other specialist ins
essary.

Istrumentation shall be constructed in accordance with rélevant national or Europea
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.

Digital meters

b determine
rect current

permanently
[f coupons or
[rumentation

n Standards
calibration
rdance with

heters for measuring sensors and direct current power supplies shall have a minimuin resolution
of 1 ;V, an accuracy of +1 mV or better and*an input impedance of greater or equal to 10 M

bgue meters shall not be used.

ent flow between coupons or macro-cell probes and reinforcement shall be measy
resistance ammeter or other suitable device of such accuracy and resolution that th
ured to an accuracy of better than +1 % of the value measured.

Depending onhe“coupon or macro-cell probe size and their environment, the currer
tens of microamperesto hundreds of milliamperes.

Data loggers

.1 General

logpers shall have suitable multi-channel input or multiplexers to enable all channels

).
red using a

e current is

ts can range

selected for

data

logging to be measured and recorded.

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

Data loggers shall be supplied with software allowing test locations, sensors, direct current power
systems, anode zones, etc. to be identified.

NOTE Data loggers can be used to collect data from both sensors and direct current power supplies. Data
loggers may be either portable or permanently installed.
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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 currrent power supplies, etc.

shall be by s

uitable 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.
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supplies, etd

NOTE1  Pe
The power sy

Interconnec
and the nety

Each perma

NOTE2  Pgd
collect data (
selected inte
standard dev|

Itisrecomm
be secured,
access. Indul
according td

6.5 Data

A data man
arising from

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

imstatteddata toggers shatt-betardwiredto Tetevantsensors, direct turrent p
. Instrumentation cable connections shall be in accordance with 6.6.

rmanently installed data loggers can be operated independently, on a network or via a moden
pply can either be alternating current mains or via the network cable, as appropriate.

tion into a network shall be in accordance with relevant national or Eurepean Stand
vork manufacturer’s recommendations.

hently installed data logger shall have a unique identification referéhce number.

rmanently installed data loggers can operate as either passive or active systems. If passive
nly when instructed by a system controller. If active, they cainbe programmed to collect da
(vals. Either they may transmit all data or transmit summagy data (e.g. mean, maximum, mini

iation, over a selected period) on request or automatically,

ended that access to permanently installed data leggers either directly or via a network
requiring at least the need for a user-defined \password in order to prevent unautho
stry standard data-transfer security and cemimunications protocols should be consic
the location of the installed network.

management system

hgement system shall be provided to collate, order, sort and present the performance
the cathodic protection system.

pf both.

shall contain thefollowing data as a minimum:

one layouts;

ype and\lecation;

urrent power unit rating;

wWer

link.

ards

they

ta for
mum,

shall
rized
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data

lora

NOTE 1
combination
The system
a) anode-7
b) sensor{
c) directc
d)

e) commis
f)

8)

h)

initial (pre-commissioning) sensor readings;

sioning data;

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

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

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

Computer database management systems shall be provided with full documentation. Facilities for

automatic da

16

ta back-up and archive shall be incorporated.
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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) may also be used.

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

6.6

Direct current cables

Single-core cables shall be colour coded according to their function.

NOTE1 The following colours are preferred:

a) 1rown (or alternatively red) from positive DC power to anode/cable connection;

b) Black (or alternatively grey) from negative DC power to reinforcement steel/cable connegtion;

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

NOTE 2  Negative DC power and monitoring test cables may be of the same colour if of different sizes, for

example:

a) Iblue for reference electrode cable (not red or black);

b) yellow or other colour (not brown, red, grey, black or blue) for otheymonitoring sensors.

Multj-core cables shall be colour or number coded.

All cables shall be identified in junction boxes and at theirpoints of connection to monitoring equipment

and power supplies. The identification shall be by proprietary cable markers and the identification

shall|be fully detailed (i.e. any code explained) in each junction box, monitoring unit and ppwer supply
unit.|The identification and the cable colours shall be fully documented on the as-built dfawings and

mantals (see 9.2).

Cable¢s shall meet the following requirements:

a) ¢arrythe design current +25 % within permissible temperature increases allowed undef IEC 60502-
1, as appropriate to the maximum environmental temperatures;

b) limit the voltage drop at 125% of the designed maximum current in the cathodic prote¢tion system
¢ircuit to a value compatible with the power supply voltage output and the anode/cathode voltage
requirements and provide uniform zone current distribution.

Zonelanode current-déensity shall be designed to be uniform to within 10 % of the nominal anjode current

densjty at all locationis within the zone; cable and anode volt drops should be calculated and designed to

ensufre such uniformity:.

Minimumecoere sizes of multi-core cables for mechanical purposes, with all cables encgpsulated in

concfeté;or in conduit or trunking shall be as follows:

C positive and negative supplies 1,0 mmy4;
monitoring cable 0,5 mm?2;

data networking in accordance with network standards.

If single-core cables are used, the minimum core size for mechanical purposes shall be 2,5 mm?2.

All cable cores shall have a minimum of seven strands.

All cables shall have a minimum of a single layer of insulation and a single layer of sheathing which shall
conform to IEC 60502-1. The selection of insulation and sheath shall take due account of the proposed
installation and functional requirements. Cable to be installed in contact with anode material shall
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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.

NOTE3  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 XLPE are likely to be suitable for long-term use. Insulation of very
chemically resistant materials such as Kynar may be considered, but these have disadvantages of cost and a
tendency to crack at low temperatures and they require particular care with respect to large minimum bend radii.

6.7 Juncti

ion boxes

1hCc Qo9 A allVais Lo Vaio)
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gainst the environment, taking into account the type of connections made within ‘th
5t case external environmental and mechanical exposure to which the box is to beSubje

ended that all junction boxes should be non-metallic and conform to IEC 60529 classific
fer when exposed to external environments.

6.8 Power supplies
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6.9 Tran

The transfdq

s electrical power is used, the direct current power supply shall be provided
-rectifier or a switch mode rectifier.

her types of supply, such as diesel, wind or turbine generators{ may be used to generate altern
supply to a transformer-rectifier. Controlled direct currentsupplies can be generated direct
ic or solar generators and wind or turbine generators may be used with rectification to proy
rmittently charged battery systems which supply currént to DC controllers.

Ipplies shall be constructed in accordance with relevant national or European Stand
electronic and measurement equipment_and shall be provided with a valid calibr
\ll equipment shall be handled, installed, commissioned and operated in accordance
turer’s recommendations.

ies may be integrated with monitoring instrumentation and communication facilities
to provide remote monitoring of d.c power supply parameters and the cathodic prote
ormance (see 8.6). This integrated monitoring and power supply system may provid
rol of the power supply direct current output.

sformer-rectifiers

rmer-rectifief\ unit shall be continuously rated, self-contained and suitable foy

environment in which itis to operate.

The unit sh
enclosure sk

1l be housed in a robust enclosure suitable for wall or floor mounting, as applicable
alLprovide protection against the worst case environment in accordance with IEC 604

riate
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supplier’s requirements and national and/or European Standards.

NOTE 1
residual curr

ent device.

ricity

For example, via an appropriately rated, double-pole neutral linked switch fuse or circuit breaker and

The mains transformer shall be an isolating transformer conforming to IEC 61558-1, [EC 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 because it is required by
environment or service to operate above an ambient temperature of 30 °C or to utilize oil or forced air
cooling, shall in all other aspects conform to IEC 61558-1, IEC 61558-2-1, [EC 61558-2-2 and IEC 61558-
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2-4. Equipment utilizing auto transformers shall conform to IEC 61558-2-13 and equipment utilizing
switch mode power supplies shall conform to IEC 61558-2-16.

The rectifier 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
cath¢dic protection of reinforced concrete structures and buildings where conductive-cgating anode

systdms are used.

The putput shall be controlled to provide stepless (<0,1 % of full range) constantiwoltage, constant
current or potentiostatic control from zero to full rated output.

A direct current relay system interrupting the output shall be provided to fakilitate “instanfaneous off”
potential measurement [see 8.6 a)].

NOTE 2  Facilities to link this system to the control signals from data logging equipment may be provided.

Faciljties shall be provided to enable portable instrumentatieni{to be used for measurement of the
following:

a) o¢utput voltages;
Iutput currents (by voltage drop across a shuntiesistor with an accuracy of +0,5 % or([better);

c) S§teel/concrete potential with respect to the reference electrodes.

NOTH 3  Facilities may be used for measurement of:

a) 4gteel/concrete potential with respect.td potential decay probes;

b) g¢oupon or probe/reinforcement current.

The function and rating of all Sockets and the multiplying factor of all shunts shall be cledrly marked.
All fyses shall be labelled withicircuit designation and fuse characteristics.

NOTE 4 Permanently installed digital panel meters may be used to measure the data required infitems a) to c).
Calibration checks on a‘regular basis are necessary.

A mihimum of one/positive and one negative terminal for cable connections shall be provided. All output
termfinals shathBe fully insulated from any metal within the box.

The ¢onnéctors shall be clearly marked, e.g. “+ ANODE” and “~ STEEL".

It is tecommended that the positive and negative terminals should be of different sizes in order to avoid
transposition of cables.

LEDs (light emitting diodes) or other means of indicting 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.

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

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

© IS0 2016 - All rights reserved 19


https://standardsiso.com/api/?name=5055337c1b0cf76073db8bc861020ced

IS0 12696:2016(E)

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 a direct current
reverse polarity resistance measurement technique, by measuring the resistance using a direct current
resistance instrument and then reversing the polarity of the test leads, or by a direct current potential
difference measurement technique. The acceptance criteria for such testing shall be stable values and a
resistance less than 1,0 Q. All steel exposed during concrete repairs or other works shall be continuity

tested, and

any bar or component tested failing the test shall be rnnfinnify bonded to ensure

ong-

term resista
the structuj
selected loc

Alternativel
used to meg
steel and th
acceptance

connections

Continuity §
repairs.

nce of 1,0 Q or less. At additional representative locations in each unit or discrete(pg
e, sufficient reinforcement and any other embedded steel shall be exposed and-test

[y, a potential measurement technique may be used with a fixed-location reference elect

sure steel/concrete/electrode potential connected to one reinforcement bar or eleme

Criteria shall be stable potential measurements with a differenceof less than 1 mV y
are made to the two steel bars or elements.

esting and bonding, as necessary, shall be applied to all-steel exposed during con

The continujity testing results, all available construction drawings, the nature of the structure a

constructiol
exposed for

All ancillary

testing and possible bonding.

r steel fixed to or part of the concrete stiucture (e.g. embedded steel beams, bear

drainage pipes) either shall be continuity tested as above and bonded if required or shall be bond

accordance

Electrical c(
any impress

with 7.3.

ntact shall be prevented between reinforcement or ancillary steel and the anode systg
ed current cathodic protection system.

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

particularly]
anodes are {
short-circui
corrosion of

7.2 Perfo

Each zone d
galvanic and

if conductive coatings (including conductive overlays or sprayed zinc impressed cur]
o be used. Contact bétiween an impressed current anode and such steel will either res
's between anode@nd reinforcement causing a failure of that cathodic protection zone
isolated steel,

rmance-monitoring system

f thelimpressed cathodic protection system or at representative areas for systems
des'shall be prov1ded with the means necessary to momtor its power supply output vo

and output ¢y

permanently embedded at representatlve locatlons

NOTE 1

htions to determine the general level of electrical continuity of the reinforcement/steel.

bn, without moving the reference electrode, connecting to another steel bar or element;.

irt of
ed at

rode
nt of
The
when

Crete
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1 shall be assessed in order to determine whether additional reinforcement/steel shoufld be

ings,
ed in

bm of

rrete
rent)
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Each zone may also be provided with potential decay probes to monitor potential decay, with

corrosion coupons to measure anodic or cathodic current density on parts of the reinforcement/steel or with
other methods to measure or assess corrosion rate or extent of cathodic protection. The data collection system
may be manual, electronically data logged and/or electronically data transmitted.

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

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

NOTE3 The data from or the performance of permanently installed reference electrodes, coupons or other

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

Refe]
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Any
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7.5

rence electrodes and other sensors shall not be placed in, or close to, concrete repairs
o alternative locations. In the vicinity of the sensor, concrete surrounding the-steel ;
sturbed. Typically reference electrodes should, if possible, be placed a minimum of 5
Fete repairs which incorporate steel.

janently installed reference electrodes, and other sensors that can"be calibrat
llation, shall be calibrated.

Connections to steel in concrete

zone of the cathodic protection system shall be provided with multiple (a minimum of ty
ections of cables to reinforcement/steel for the cathodic protection current and a min
connection to the reinforcement/steel for measurement of steel/concrete potentials ¥
rmanent or portable electrodes.

electrical continuity between all negative cohnections and test connections of eac

orcement/steel exposure for testing and.bonding shall be undertaken in accordance w

uired in accordance with the partietlar design.

cable connections to the reinforcement and steel shall be made by methods providing
/reinforcement or steel resistance of less than 0,01 Q.

Concrete repairstassociated with the cathodic protection components

concrete repairs7associated with the installation of performance monitoring systeni
" sensors and the connections to steel in concrete shall be undertaken using methods aj
rming to Clatise 5 and EN 1504 (all parts).

Surface preparation for anode installation

The

linless there
hall remain
0 mm from

ed prior to

vo) negative
mum of one
vith respect

h individual

shall be tested and shall be 1,0 Q or less..Ifthis requirement is not initially achieved, additional

ith 7.1.

Continuity between the negative.connections of different zones of a cathodic protection system may

a long-term

electrodes,
hd materials

oncrete surfaces intended to receive installation of anode material eg conduct

ve 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 in
5.11 [(see EN 1504 (all parts)].

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

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

© IS0 2016 - All rights reserved 21


https://standardsiso.com/api/?name=5055337c1b0cf76073db8bc861020ced

IS0 12696:2016(E)

7.6 Anode installation

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

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

concrete for
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nd concrete surfaces shall be maintained at temperatures and humidity or moisture’]
ensure proper curing/solvent loss/water evaporation of the anode and/or overlay.

lication of any overlay, surface sealant or decorative coating over the anode(system;
de resistance and potential difference shall be measured in order to determine wh
's have been established and, if so, they shall be detected and corrected before further
d current systems or galvanic systems or anode zones that require isolation for monit

ections to the anode system

' the impressed current cathodic protection system shall be provided with multiple poj
connections such that the failure of any one anode/cable connection shall not signific
erformance of the cathodic protection system in thatzone.

bf any one anode/cable connection in a zone should not reduce the local zone anode cu
more than 10 % of the nominal anode current density at any location within the

ensure such uniformity:.

able (or anode to reinforcement in:galvanic anode applications) connection system sh
d installed to such standards, as-can be demonstrated by trials or past projects to el
e anode and anode/cable conhection performance to be achieved.

vidual zone, the electrical’resistance of all anode/cable connections shall be tested
ith calculated valuesfor the particular anode type and distribution. Data shall be assq
e whether additionahtesting or additional anode/cable connections are required.

ual inspection shall be undertaken of the anode system, including all related cable;
Ctions, prior‘to-application of any coating or overlay.

[é-anode overlay, surface sealant or decorative coating shall be applied by methodg

evels
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connections should be designed and located and also cable and anode volt drops shoulld be
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under controlled conditions which can be demonstrated by trials or part projects to enable the requisite
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 6.2.2.2, following repair as
specified in 5.10, and anode installation in accordance with 7.5, 7.6 and 7.7, a cementitious overlay shall
be applied over appropriate types of installed anode. All materials and application methods shall be in
accordance with EN 1504 (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 (5.10).

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

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

NOTE 1

The electrical power supply for the cathodic protection system may be provided by

rectifier(s) powered by an electrical supply from a mains voltage distribution system.

transformer-

The direct current and monitoring cables of a cathodic protection system are all classified as “extra low
voltage” (ELV) in accordance with [EC 61140.

In addition to the particular requirements of the cathodic protection system, the following electrical
safetly measures shall be applied to all installations:

a)

b)

c)

d)

f)

g)

h)

mains voltage cables shall be electrically isolated and separated from low voltage di
¢ables in accordance with local regulations;

their point of connection;
¢ables shall be adequately supported and protected from environmerital, human and ani

INOTE 2  Inlocations where there is high risk of damage, cables may-be embedded into concr
protected by steel wire armouring.

¢xcept for the cable connections covered in item f), cablexconnections shall only be mad¢
in enclosures or junction boxes;

¢onnections inside boxes, whose construction*and/or installation renders their en

rect current

¢ables shall be uniquely identified at the direct current power supply, atyany junction box and at

mal damage;

bte or may be

atlocations

yironmental

irotection rating below the worst case extefinal environmental exposure, including
on-sealed conduit entries, shall be made byimethods suitable for long-term water im

INOTE 3
¢nvironmental protection rating abovethe worst-case external environmental exposure may
r brass threaded or proprietary conmnection assemblies.

it shall be permissible for andde/cable connections for anodes, e.g. activated titanium
jre to be permanently embedded in an overlay material to be installed without junc
the anode/cable conne€tion and its method of electrical/mechanical/moisture sea
demonstrated by trials)or past projects to enable the requisite performance to be achig

anode systems forwhich there is no overlay or electrical barrier to prevent direct hum
¢ontact, e.g. conductive coating, shall be limited to a supply voltage of 24 V DC with
ripple content.of 100 mV RMS;

¢quipment’ shall be marked with all relevant electrical safety/testing/maintenance
dccordance with national and International Standards.

boxes with
ersion;

Connections inside water resistant or sealed boxes constructed and installed with an

tilize copper

mesh, which
ion boxes if
ling can be
ved;

hn or animal
a maximum

markings in

lic protectlon

systems may render full conformlty to European (or natlonal) electrlcal safety standards 1nappropr1ate 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

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

a) polarity checks for all circuits (the results shall be unambiguous);
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b) continuity checks for all circuits, (the results of which shall demonstrate individual circuit
resistance values within +10 % of those calculated from cable and component values);

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

NOTE Reference electrodes and rectifier circuits may be damaged by insulation checks. Reference electrodes
may be damaged by continuity checks. The intended low resistance between anode and reinforcement/steel
and between adjacent zones anode or cathode circuits renders conventional electrical circuit insulation and
continuity testing inappropriate (see 79 Note 5)

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

8 Commlissioning

8.1 Visugdl inspection

The cathodic protection system and all its component parts shall be~subjected to a complete vjisual
inspection (for buried or embedded elements, before backfilling or €gncreting, for immersed elements
by diver anfl/or camera) confirming that all components and cables are installed properly, labelled
where appropriate and protected from environmental, human of\animal damage.

8.2 Pre-¢nergizing measurements

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 cathedic 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 $00 MQ to 1 000 MQ) input impedance to determine whether the contact resistance df the
reference electrode or sensor to the concrete will adversely affect the performance of the electrode
or sensqr;

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;

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 sygtem;

e) proving of any electronic data logging and/or data transmitting facility installation 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 may typically be 24 h. If significant potential changes are detected, these should be considered
when determining whether all data measurements in subsequent monitoring in 8.4, 8.5, 8.7 and
Clause 10 should incorporate recoding data over extended periods.
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8.3 Initial energizing of impressed current systems

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

NOTE For new constructions, this period normally corresponds to 28 d after placement at 20 °C (or longer
at lower temperatures), for cementitious overlays this period normally corresponds to 14 d after placement at
a temperature of 20 °C. For conductive coatings, this period will normally correspond to 48 h with adequate
ventilation.

The cathodic protection system shall be energized initially at low current (about 10 % to 20 % of design
current). Measurements shall be made and recorded in accordance with the quality plan (see Clause 4)
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q
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NOTH
base(
orm

adjus|

NOTH
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NOTH
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8.5

J

hall include the following:

he potential of the steel/concrete with respect to all permanently installed referenc

gdnd with respect to portable reference electrodes at any location determined(n the de

tatements or specification;

he output voltage and current values of all direct current power supplies providing c
athodic protection systems;

onfirmation that the polarity of all values conform to the quality plan and design {
teel/concrete potentials, measured with respect to all permanently installed referenc
otential decay probes and to any portable electrode locations measured, shift ir
irection from the values measured in accordance with 8.2 a) and b). If any ste
lectrode potential values shift in a positive direction, they shall be investigated to de
equirements for additional testing and/or remedial, works.

Initial adjustment of impressed current systems

system shall be energized to a level of cutrent estimated to enable the cathodic proteqd

bet its performance objectives. See Notes 1 and 2.

1  This may be a precalculated(eyel of current (e.g. a particular cathode current density}
|l upon the response of the system when first energized (e.g. to achieve a negative potential sh
re measured with the currentfON”). Alternatively, the system may be polarized for a short
ted to a potential shift of approximately 50 mV measured “Instantaneous OFF”.

2 Slow polarization at<a relatively low current density may be beneficial to long-term perfi

cystem shall be©perated at these initial settings of current which shall be maintai
| performancé.assessment, for a sufficient period to achieve significant polarization.

3  Theperiod is typically between 7 d and 28 d after initial energizetion although, if a slow
izing pelicy (low initial current) is adopted, full polarization may require longer than 28 d.

Initial performance assessment

b electrodes
bign method

rrent to the

ind that the
e electrodes,
a negative
bl /concrete/
termine any

tion system

or it may be
ift of 200 mV
ime and then

rmance.

hed prior to

polarization

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) measurement of output voltage and current supply to each zone of the cathodic protection system
and the calculation therefrom of circuit resistance;
b) measurement of “Instantaneous OFF” (IR free) potentials (measured between 0,1 s and 1 s after

switching the direct current circuit open) at all permanently installed reference electrodes and any
other locations indicated in the quality plan a short period after switching open the direct current
power supply circuit to the cathodic protection system;

After switching “OFF” for “Instantaneous OFF” (IR free) potential measurements, sufficient time
shall be allowed before measurement to avoid any transient voltage arising from switching surges,
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capacitance or resistance effects that would affect the measured values. This waiting period shall be
sufficiently short to avoid significant depolarization.

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

€) measurpment-of-poten decay—after—switching—the—cathodicprotection—direct—eurrent—sypply
to consfant open circuit. The period of potential decay and the intervals for measuremeérnts of
steel/cqncrete/electrode potentials shall be as indicated in the quality plan;

NOTE1  Typical periods of decay are 4 h to 25 h with measurements taken at some or all of ¢;5(1, 1 h, 2 Ip, 3 h,
4h, 23 h, 24 iJ and 25 h after switch “OFF”, as appropriate, to determine the extent of potentialldecay and th¢ rate
of any ongoirlg decay at the end of the selected period.

NOTE 2  Fqr buried (particularly those buried in wet conditions or impermeable’clays) and immeprsed
structures apd for atmospherically exposed structures that incorporate a surfage“c¢oating that limits ofygen
availability within the concrete, potential decay may be very slow and may exténd to weeks. In the extfeme,
oxygen availability at the steel may not be sufficient to maintain passivity of«the steel/concrete interfacp and
the potentialjmay “rest” at a relatively negative value. In these conditions, potential decay may not be a pragtical
protection crjiterion.

Potential shfift (see 8.4, Note 1) may be equivalent to potential decay, but only if the initial potgntial
(“natural” of “as found” from which the potential shift is measured) is determined immediately bgfore
energizing the cathodic protection system and if this value i$ not affected by stray current. Partifular
caution shopld be exercised if potential shift measuréments are used as a protection criterign on
buried, immersed, water saturated or coated structures as the “natural” or “as found” potentiall may
be subject o very significant negative potential changes as oxygen is depleted within the condrete.
Negative pofential shifts of 200 mV to 300 mV are quite possible due to oxygen depletion withoyt the
application of cathodic protection.

d) measurpment of parameters fromivall other sensors installed as part of the performance
monitoring system;

e) measurpment of “ON” steel/¢oncrete potentials (including IR drop) if required in the quality plan.

NOTE 3 Dyiring measurement,of “Instantaneous OFF” potentials, it may be necessary to switch the direct
current powgr circuit off and onto facilitate sequential measurements of a number of steel/concrete/electrpdes.

The off:on time ratio of any such switching regime used for “Instantaneous OFF” potential measurenments
shall be a mjnimum‘of“1:4.

NOTE 4  Typical values for manual data collection are 3 s off, 12 s on. For electronic data collectionf it is
advantageoup to’link the data logging system to the switching system, in order that measurement wjiting
periods and measurement periods are accurately related to the instant of switch off. Longer switching periods
would slow data collection and risk depolarization during the off period.

8.6 Criteria of protection: Interpretation of performance assessment data

The data collected in accordance with 8.5 shall be reviewed and interpreted in respect of the following
or such criteria as modified by the particular requirements of the structure, its environment or
developing expertise in respect of criteria of protection for steel in concrete.
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No instant off steel/concrete potential more negative than -1 100 mV with respect to Ag/AgCl/0,5 M
KCl shall be permitted for plain reinforcing steel or -900 mV for prestressing steel.

NOTE1 Prestressing steel may be sensitive to hydrogen embrittlement and, due to the high tensile loading,
failure can be catastrophic. It is essential that caution is exercised in any application of cathodic protection to
prestressed elements. For galvanic systems using zinc anodes, the degree of excessive polarization is naturally
limited and this should normally be sufficient to keep the steel/concrete potential below the potential limit of
-900 mV vs. Ag/AgCl/0,5 M KCL

For any structure, any representative steel in concrete location shall meet any one of the criteria given

in items a) to ¢):

a)
b)

)

n “Instantaneous OFF” potential more negative than =720 mV with respect to Ag/AgC
potential decay over a maximum of 24 h of at least 100 mV from “Instantaneous\OFF”]

potential decay over an extended period (typically 24 h or longer) of at dfeast 150 1
instant off subject to a continuing decay and the use of reference electyodes (not pot
robes) for the measurement extended beyond 24 h.

NOTHE 2  Itis notnecessary to meet more than one item of a), b) or c).

NOTH
or -9
rectif

3 In systems where activated titanium anodes are used, the steel/concrete potential lim
00 mV), as above, may be verified by measurement of the anode/concrete potential and the
ier output voltage, taking account of cable volt drop values.

NOTHE 4
exhauystive, practical series of criteria to indicate adequatecpplarization which will lead to the ma
re-esfablishment of protective conditions for the steel within the concrete.

NOTH
fully
7 d o

5 As an investigative criterion it may be considered appropriate to seek a steel/concrete
Hepolarized structure after the cathodic protection system has been switched off for a long per
longer) less negative than -150 mV with s€spect to Ag/AgCl/0,5 M KCL.

NOTHE 6  These criteria, as discussed in iténis a), b) and c), can be disrupted by the presence of con
encompassing reinforcement or other stee} within 0,5 m of the point of measurement of potential. T|
avoided by locating reference electrodés and other sensors away from concrete repairs wherever p

NOTH
contg

7  The criteria given in.items b) and c) may be invalidated by variations in temperature,

NOTH
the ¢
depo
shift
“naty

8  For structures;“such as buried, immersed or coated structures, where oxygen availa
bncrete is limited;the criteria given in items b) and c¢) may not be practical due to the very
arization, as detailed in 8.5, Note 2. Similarly, as detailed in the paragraph below Note 2 in
measurementimay not be equivalent to potential decay over a limited time period and cH
ral” or “as found” due to oxygen depletion can lead to serious errors in assessment of potentia

If th¢ interpretation of the performance assessment data in accordance with 8.6 indicates

/0,5 M KCl;

nV from the
ential decay

t (-1 100 mV
transformer-

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

intenance or

potential in a
iod (typically

crete repairs
his should be
bssible.

hnd moisture

nt. Such variations, themselves, can be the cause of significant changes in steel/concrete potetials.

bility within
slow rate of

B.5, potential
anges in the
shift.

that criteria
ith galvanic

otection are achieved, no further measures are necessary. If they are not achieved w

corrosion risk shall be made. If a corrosion risk is identified, then steps shall be taken to
protection current, by supplementing the galvanic anode system, to minimize this risk.

NOTE9 In atmospherically exposed concrete (when the corrosion process is not limited by the

sessment of

increase the

rate at which

oxygen in the air reaches the steel), the steel corrosion rate may be estimated by inserting the applied current
density and steel potential shift into the Butler Volmer formula. The applied current density may be obtained
from the current delivered from a small segment of the anode system and an estimate of the steel potential shift
is given by the steel potential decay measured at the same anode segment. See Reference [16].

NOTE 10 Passive steel is indicated by a corrosion rate of less than 2 mA/m?2 and preferably less than 1 mA/m?2.
A falling trend in corrosion rate combined with a rising trend in corrosion potential is also a sign that protection
is being achieved.
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NOTE 11 Actions to take if a corrosion risk is identified include turning the galvanic system into an impressed
current system (if this is possible), installing more galvanic anodes or applying a temporary electrochemical
treatment (using the galvanic anodes, if possible) and a temporary power supply. The options available will
depend on the galvanic anode system used.

8.7 Adjustment of protection current for impressed current systems

If the interpretation of the performance assessment data in accordance with 8.6 indicates that the
criteria of protection are achieved, no immediate measures are necessary, subject to the requirements
of Clause 10. If the criteria of protection are not achieved or are judged to be at risk of not being achieved
in the future, further adjustments of the current output shall be made, to be followed, a minimum of

28 d thereaf
NOTE It

in a reductio
switching off]

9 Systen

ter, by repeated performance assessments, as specified in 8.5 and 8.6.
is emphasized that long-term polarization arising from long-term cathodic protectiod will 1

n in the requirement for current and a reduction in the rate of potential decay occurring
the system.

1 records and documentation

9.1 Quality and test records

The quality
shall all fory

9.2 Insta

An installat
shall incorp

plan, the quality documents arising therefrom, the visudl inspection and the test re
h part of the permanent records of the installation of the'System.

[lation and commissioning report

ion and commissioning report for the cathodic protection system shall be prepared
brate, as a minimum, the following:

esult
when

sults

and

Psign
e for
ctive

h the
nd a
te all

najor

hitial

1 the

a) a generjal description of the works, the parties associated with the works [e.g. client, d
engineelr, supervising engineer, contractor, sibcontractor(s)] and the key personnel responsib
the design, supervision and commissioning of the cathodic protection system and their respe
respondibilities;

b) a copy of the method statements(and/or specification and drawings in accordance with whic
system [was installed and commissioned indicating all deviations or variations therefrom 3
copy of fhe design data calcilations [see 4.3 a)] if available;

c) adetailed description ofthe installation and commissioning works including key dates;

d) as-built{drawings detailing the installation and its components in sufficient detail to facilita
future fequirements for inspection, maintenance, and reconstruction of the system and its 1
components;

e) all meagurements/test data taken before and while the system was energized and during the i
system performrarnce assessmert,; togetirer withthre performmance assessmrent data used—an
interpretation of the data;

f) arecord of the “as-left” operating conditions of the system;

g) acopy of the permanent records (specified in 9.1);

h) recommendations for any revisions to the cathodic protection system.

NOTE Other documents may 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) details of recommended routine maintenance and inspection intervals and procedures (see
Clause 10);

c¢) recommended intervalsand procedures for future performance assessments and the interpretation

of the data therefrom:

d) proformas or computer data formats for all recommended routine maintenanceNinspection and
erformance assessment activities;

e) error finding procedures for errors within the cathodic protection electrical pagwer supply
alternating current and direct current), and for short-circuits and open reircuits in the cathodic
rotection system;

f) aintenance/repair procedures for the electrical power supply equipment, any datalogging/control

e¢quipment and the anode system with any overlay, sealant or de€orative coating;

g) 4 list of the major components of the cathodic protection system with data sheets and the source(s)
f spare parts and/or maintenance for these componentsand for the overall system;

h) 3ll information, passwords and protocols required forthe long-term connection to and pperation of

gdny monitoring and control system.

NOTH Other information may also be included as-considered necessary.

10 Qperation and maintenance

10.1 Intervals and procedures

The

operation and maintenange inspection and testing intervals and procedures

recommended in the operation-and maintenance manual (see 9.3) or, as subsequently mod

upon

NOTE 1

the performance of the-system.

The intervals-and procedures for routine inspection and testing vary from one cathod

system to another, depéndant upon the structure type, the cathodic protection system type, the
power supplies (impressed current systems), the reliability of the galvanic anode in that environ
vulndrability te-agcidental or deliberate mechanical or electrical damage.

Those systems provided with electronically data logged or electronically data transmitted

mon
auto

toring systems may require less frequent physical inspection, as routine testing can be|

shall be as
lified, based

ic protection
reliability of
ment and the

erformance
undertaken

matically

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/tests.

NOTE 2

in concrete.

Routine inspection procedures shall be as follows:

a)

Function check: To comprise the following:

1) confirmation that all systems are functioning;

Long periods of satisfactory operation result in significant polarization and repassivation of the steel

2) measurement of output voltage and current to each zone of the impressed current cathodic

protection system;
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3) assessment of data;

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

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

4) afull visual inspection of the cathodic protection system;

5) assg¢ssment of data;
6) adjiistment of current or voltage output for impressed current systems.
All inspectigns and testing shall be in accordance with Clause 8.

Typically, the function check shall be undertaken monthly in the first year of operation and, subjgct to
satisfactory|performance, thereafter at 3 mo intervals. Typically, the performanee assessment shall be
undertakenjat 3 mo intervals in the first year of operation and, subject to satisfactory performanc¢ and
review at 6 mo to 12 mo intervals thereafter. After the first year, the visudDinspection may be de]eted
from the pefformance assessment but should remain in the system reyiew (see 10.2).

At concretq temperatures below 0 °C, potential monitoring may be impossible. The datef for
performancp monitoring should be selected to avoid measuremeénts at such cold weather.

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

b) performance assessment in accordance with 10.1 b);

c) visual inspection of the cathodic protection system;

d) areviey and interpretation of the data generally in accordance with Clause 8;
e) adjustment of the current 6utput if necessary in accordance with Clause 8;

f) prepargtion of a systefnréview report in accordance with 10.3.

10.3 System review)report

The report ghall detail the following:

a) the workundertakem;
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.
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Annex A
(informative)

Principles of cathodic protection and its application to steel in
concrete

A.1 | General

om the high
teel surface
sures arises
chlorides to
ore solution

Steellin concrete is usually protected against corrosion by passivation of the steel arising f1
alkallinity of the pore solutions within the concrete. A stable oxide layer is formed-on the s
which prevents the anodic dissolution of iron. The necessity for additional protective mea
if thik stable oxide layer is rendered unstable (if depassivation occurs) due to.the ingress of
the stteel/concrete interface or carbonation of the concrete reducing the @lkalinity of the p
at the steel/concrete interface.

In th
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case of chloride contamination of concrete, the chloride ions-initiate depassivation
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ntial Epit. At potentials more positive than Epjt, a sharplincrease in the iron dissolutia
bh corrosion rates in small localized areas of the steel surface whereas, at lower pot]
i.e. more negative), the corrosion rate decreases:The objective of cathodic protection i

steel
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iff corrosion has already started, the continuation/propagation of corrosion; is so far

concrete potential into a region where

he initiation of corrosion, or

hat a corrosion failure is unlikely.diring the lifetime of the structure.

e case of reinforced concrete, a corrosion failure can include cracking and delamin
ring concrete which may arise from as little as 50 um of metal loss from an area of re
her embedded steel, due-te.the bursting stresses generated by high-volume corrosion

eel-reinforced concrete structures, cathodic protection can be achieved by po
or embedded.in the concrete and connected to the positive pole of a direct current p

Fete and connhected directly to the reinforcement.

system cathode is formed by the steel reinforcement/steel. In the case of impressed
Livepole of the direct current power supply is connected to the embedded steel/reinf

suppressed

ation of the
inforcement
broducts.

arizing the

prcement/steel with/an “external” current. For this purpose, anodes are surface mounted, painted

pwer supply

b case of impressed current protection. Alternatively, anodes of zinc or Al-Zn-In are applied to the

current, the
rcement. In

the ¢

hse’of galvanic anode cathodic protection, the galvanic anode (typically zinc) is conned

ted directly

to the reinforcement/steel.

The concrete, in particular the pore solution, provides the electrolyte to allow current flow and the
associated ionic movement. The change of steel/concrete potential is indicated by electrodes which
are embedded in the concrete or placed on the surface of the concrete and used, in conjunction with
suitable instrumentation and connections to the reinforcement/steel, to measure steel/concrete/
electrode potentials.

A.2 Criteria for protection

If environmental conditions which favour the occurrence of corrosion of the reinforcement/steel are
likely to occur during the lifetime of the structure, or occur during service, cathodic protection is one
method of preventing corrosion of steel in concrete. Sufficient corrosion protection is given if specific
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criteria of protection are met at representative points on the structure. The criteria of protection in this
document are based on electrochemical considerations regarding corrosion processes and on practical
experience. In practice, two cases are distinguishable. If the aim of cathodic protection is improvement
of the corrosion resistance of steel in reinforced and prestressed concrete structures that are expected
to become contaminated by chlorides during their service life, a small cathodic polarization of the
steel/concrete interface should be applied early on in the service life. This polarization should maintain
the steel/concrete potential lower than (more negative than) Epit to prevent the initiation of corrosion.
The negative polarization achieved also limits or prevents migration of the chloride ions to the steel,
thereby, preventing them from depassivating the steel if the cathodic protection anode system is on the
surface through which the contamination will arise. This cathodic protection measure is sometimes
called “cathodic prevention” and applies to new structures or structures in service where the chloride
ions have nqgt reached the steel and depassivation has not yet occurred.

In older stryctures with corroding steel, cathodic protection is part of the rehabilitation concept and is
aimed to defrease the corrosion rate of the steel from significant to negligible values. For;this purpose,
the steel/cancrete potential should be lowered (made more negative) to values in the Tange of the
protection gotential Eprot. The corrosion potential Ecorr and the protection potential ot are dependent
upon envirgnmental conditions (chloride content, pH at local anodic sites, temperature, oxygen corjtent,
humidity). Based on the complex interaction of these factors and also practical experience, the definjition
of one precife protection potential is impossible and also unnecessary for eathodic protection of[steel
in concrete.|It is this complex interaction of factors that dictates that a,rainge of criteria are properly
required for cathodic protection of steel in concrete, as is reflected in 8:6¢

Figures A.1 to A.3 illustrate these factors.
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Figure A.1 — Schematic illustration of the anodic behaviour of steel in the presence of chloride
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Figyre A.2 — Values of Ep;; and Epror meéasured on steels buried in sand, covered with saturated
Ca(OH); solut@&yH =12,6) at 20 °C, after PedeferrillZ]
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initiated at 4.

ment

n has

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

PedeferrillZ]

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.
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Typical cathodic prevention current densities range between 0,2 mA/m?2 and 2 mA/m?2 compared with
2 mA/m2 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 may continue.

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 will result in reduction in oxygen content at the steel surface under

nornraexposure comditions;, whichwittbe—acceterated—umdertheapplicatiomrof cathrodig

Fe oxygen depletion occurs, the potential will become very negative and the current

cathgdic protection will be reduced.
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e, the current density required for steel in concrete that is buried or immensgd for pra
the concrete is fully water saturated, considerably less than that required for atm
sed concrete. Typical current densities range from 0,2 mA/m2 to 2,0 mA/m?2 for ney
re corrosion initiation) in water saturated conditions. For structures that are not
ated and are corroding before the application of cathodic protection, current densitig
as those for atmospherically exposed concrete, up to 20 mA/m2.

furrent density is also dependent on whether the concretedsyfully immersed or whethg
sed to air (e.g. as for tunnels, portions of diaphragm walls, underground storage tank
hickness of the concrete structure is typically less than 0,5 m to 1 m). If this is the
Fential concentration (differential oxygen) cell can be'created between the fully immer

ersed portion.

Prestressing steel and the risk©f hydrogen embrittlement

Lo the possible occurrence of hydirogen embrittlement, high-strength steels of the qy
ered type should not be exposed.to a potential more negative than -900 mV vs Ag/Ag(
fressing steel may be sensitive: to hydrogen embrittlement and, due to the high ter
estressing members, failure can be catastrophic. It is essential that caution is exer

:'I::tion of cathodic protection to prestressed elements.

pressed current@ystems, high current densities can be provided if the system ig
ned and/or opefated and steps should be taken to minimize the risk of excessive
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or ot

A.6

er means. See Reference |13].

Alkali silica reaction

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

A7

Reference electrodes

The MnO; reference electrode is a half cell consisting of a compacted mass of MnO; in a buffered
NaOH solution with a pH of about 13,5 corresponding to normal pore water and, therefore, in chemical
balance with the surrounding concrete. The MnO; electrode, also known from batteries, has a potential,
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which is a linear function of pH in the alkaline range. The potential is determined by the Mn0O;/MnO3
equilibrium, manganese metal is not involved. As a naturally occurring mineral, MnOy should be
expected to be highly stable and this is proved by the long shelf life of alkaline batteries. The diffusion
barrier of the MnO; reference electrode is a plug of cement paste and this ensures a good bond to the
surrounding concrete and also eliminates junction potentials that would be developed.

See Table A.1.

Table A.1 — AgCI(s) + e- = >Ag(s) + CI-

Electrode Potential at 25 °C Liquid Literature
Vvs.NHE | Vvs.SCE | junction sources

Ag/AgCl, KCI (0,1 M) 0,2881 0,047 Reference [24]
Ag/AgCl, KCl (3 M) 0,210 -0,032 Reference [20}
Ag/AgCl, KCl (3,5 M) 0,205 -0,039 L] Reference [22]
0,197 -0,045 Reference|[23]
Ag/AgCl, KCl (saturated) 0,199 -0,045 L] Refefence [22]
0,1988 -0,042 Reference [22]
Ag/AgCl, NaCl (3 M) 0,209 -0,035 LJ Reference [25]
Ag/AgCl, NaCl (saturated) 0,197 -0,047 LJ Reference [24]
Ag/AgCl, Seawater 0,25 0,01 Reference [26]
MnO3, NaOH (0,5 M) 0,434 0,190 Reference [21]
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Annex B
(informative)

Design process

B.1 Conceptual design

Following feasibility assessment and confirmation of cathodic protection as the optimtim protection
optign for a new structure or the optimum repair option for an existing structure, perform preliminary
locatfion and sizing of anode zones, based on factors including, but not limited to

— ¢xposure classifications (buried, immersed, tidal, splash, atmospheric, sheltered, exposed, etc.),
— ¢oncrete chloride content,
— ¢oncrete resistivity,

— ¢oncrete moisture content,

— teinforcement/steel surface area,

— Iistribution and estimated current demand,
ifetime requirements,

— gervice environment,

— \veight, or

— installation sequence and constraints.

Give| preliminary consideration.\to anode type, cable routing and possible transformer-rectifier
locatjion(s).

B.2 | Anode system type and rating

Calcyllate detailedyreinforcement and all additional steel surface areas for all parts of thle structure.
For 4ones that are intended to be protected using anodes embedded in the concrete or applied to the
concfete surface (typically all atmospherically exposed structures), it is necessary for the|local anode
currgnt provision to be matched to the local cathode current demand, therefore, calcplations are
typidallynmade to a detail that determines the steel surface area in each square metre of the structure
to enable the appropriate anode system and rating to be applied in each part of the structure. For
buried and immersed applications with more remote anodes, subject to the normal design process for
the adequate distribution of current to the overall structure, as in EN 12473, EN 12954, EN 12495 and
EN 12474, current distribution from the remote anodes to the steel will be able to provide variations in
current provision to match the local cathode current demand so there is a lesser need to calculate the
local steel reinforcement surface areas with such discrimination.

Using the reinforcement and other steel surface area and distribution and assumed or measured
cathodic current density for the desired level of protection, calculate the cathodic current requirements
and then the operating anodic current density on each anode. Use this value to confirm the anode type,
taking into account the factors given in B.1 to select the overlay material, where appropriate.
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