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Management of Reinforced Concrete Structures Amey

« DMRB CS 462 ‘Management of a concrete highway structure shall commence as soon as a structure is commissioned to
ensure it remains safe for the public to use without significant impact on long term performance or durability’




Deterioration Mechanisms Amey

« External — transport of aggressive components/chemicals
* Chloride ions
« Carbon dioxide
 Acids
« Sulphates

* Internal — breakdown of cement matrix
« Alkali-silica reaction

* Delayed ettringite formation



Durability Performance of Reinforced Concrete Structures

A
w !
(=] ! .
€ k— senicelifeT.=To+Ty 5! [ Degradation
3 i
|
02 Corrosion :
9 Propagation
!
3 |
© Corrosion ! !
Initiation | |
; i Time in Service
e : g >
. i i
0 I< TO >|< T1

Performance

Threshaold _|
Value

™e: Current Condition

=erviceable

- e e = = e = = e e e

I
I
: I
Unserviceable i
I

>

I
]

I

1

: Remaining Service Life
: :
]

]

Time (years)

——

Amey




Inspection & Testing of Reinforced Concrete Structures
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Corrosion Management Strategies

Conventional

== Do Nothing/Monitor

— Patch Repairs

Client
Electrochemical Surface Solutions‘
i
Impressed Current . -~
Cathodic Protection —{ Corrosion Inhibitors
r
Chloride Extraction — Coatings,
Membranes, Gutters
Concrete ‘ Hydrophobic
Replacement =1 GalvanicAnodes —{ Treatments

- Re-alkalisation

Hybrid Cathodic
Protection

Design

Bridge Replacement

Bridge/ Viaduct Infill

Bridge Enclosure

P =

Articulation Changes
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Galvanic Anodes Amey

Parent Concrete
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Hybrid Anodes

Active Corrosion

CORROSION

* Chloride ions enter the concrete

* Chlorides break down passive film

* Corrosion initiates

* Adidic corrosion pits form on the steel

* Rust forms and occupies 7-12 fimes the volume

* Stress builds within the concrete
*» Cracking & rust staining is visible

Electrochemical
Stﬂge o Treatment
—T

PASSIVATION

» Concrete repairs carried out as required

* High charge density delivered

 Alkalinity restored around steel

* Chlorides pushed away from steel surface
*» Corrosion mitigated in pits

» Steel passivity is restored

* Stage 1 can be repeated

Cathodic
Stage e Prevention
B

MAINTENANCE

* On-going protective current
delivered to steel

« Steel passivity is maintained

« Chioride continues to be repelled

* Alkalinity continues fo increase

Structure protected for
upto 30+ YEARS

Amey




Hybrid Anodes

See note 8
Central wiring chase - width to be

determined by Contractor to suit the . R
Mo.of wires in each individual zone No. anades per wire varies
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Impressed Current Cathodic Protection Amey

* Anode types:
o MMO/Ti expanded mesh
o MMO/TI ribbon
o Discrete
o Conductive mortar
o Conductive organic paint coating

o Thermal sprayed metal

Installed Anode
Concrete

Passive Film

10




Limitations of Impressed Current Cathodic Amey
Protection

* AC supply

« Regular maintenance to maintain functionality

« Monitoring in accordance with BS EN ISO 12696:2022
« Adjustment to output voltage and current

* Electrical certification

« Damage to equipment

e VVandalism & theft




Selection of CP System
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Selection of CP System Amey
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Monitoring Requirements Amey

* Requirements in accordance with
BS EN ISO 12696:2022.

v" Function checks

v Performance assessments

@ Reference Electrodes @

Zone 1 Zone 2 Zone 3 Zone 4 X . i / SySte m reVi eWS

er 1@ s REF 2 . .

i @, s P i
ref12@) @ 228 . 2@ . ’ . iy 8 - g [
REF 1.3 RErz.J. . REF 3. E J / SyStem reV|eW re ports

Intervals can be extended if no
errors, damage or significant
variation in system performance
are indicated by successive
inspections and tests.

% | Data collected shall be reviewed

5 fﬁ"' G 5 4 | and interpreted by persons
: g B 4 o < \ ! . . .
- —" : | competent in cathodic protection
‘“”” IIMINH llllllll\ m\ "U U 2N\ i in accordance with BS EN ISO
; ' 15257:2017 (ICorr Level 3 or
above)




Monitoring Data Amey
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Monitoring Data Amey

250 -
200
<
'E_ 150 -
e
=
@
=
=
C 100
50 -
D T T T T
4 > o o> > VA > e O ar O
A A R O G O N O A N
ARSI SR SR I I Sl IR AR
QY Q¥ Qr o Q¥ [\ Qr Q> Q¥ Qr Q> Qr




Monitoring Data

Steel potential (mV vs. Ag/AgCl)
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Monitoring Data Amey

Reference electrode locations — Depolarisation values (mV)

Month Z1IR1  Z1R2 Z1R3 Z2R1 Z2R2 Z2R3 Z3R1 Z3R2 Z3R3 Z4R1 Z4R2  Z4R3

Sept 21 10 38 6

Oct 21 11 42 10 76 39
Nov 21 9 41 8 a0 62 44
Dec 21 8 38 -2 73 32 22
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Monitoring of ICCP Systems
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Priority Rating & Monitoring Proposals

Amey

System Status

Priority Rating

Monitoring Proposal

Not operational High

Operational & no monitoring

check since last adjustment Medium

Operational & annual
system review check
overdue (>2 years)

Low to Medium

Operational & annual
system review check within Low
<2 years

Site visit within 6 months

Attempt to re-establish AC power or
determine issue

Connect temporary power supply and
check if anode system is still
operational

Low/medium

Complete remote monitoring check (if 33%
possible), or

Site visit within 12 months to perform

manual depolarisation

Complete system review within 12
months

Complete system review within 24
months

High

Low 0%

8%

Medium
59%



Conclusions Amey

Cathodic protection can be an effective method of preventing the initiation of, and arresting ongoing, corrosion.

v" Risks and cost implications of maintenance and equipment failure should be considered when determining the
appropriate corrosion management strategy.

v A targeted approach results in lower costs, reduced programme and the optimisation of electrical equipment.

Regular monitoring in accordance with BS EN ISO 12696:2022 is essential to ensure the longevity of the asset and
achieve best value from the installed system.

Sufficient funding should be allocated to the monitoring of CP systems to ensure longevity of the asset and to achieve best
value from the installed system.

Prioritisation of risk can assist in allocating available budgets for monitoring.
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