MAKING BRIDGES
MORE RESILIENT
THROUGH ICCP

Cassie Walker from C-Probe Systems discusses

the restoration of the historic Bervie Jubilee Bridge,
Aberdeenshire. Modern methods resulted in the bridge’s
service life being extended using impressed current
cathodic protection (ICCP), which provided control for the

service life of the structure.

ransport infrastructure

is a vital and strategic

part of the modern

world, in terms of travel

and delivering services
quickly and efficiently. These
assets, however, are susceptible to
reinforcement steel corrosion due to
the progressive ingress of chlorides
from de-icing salts and exposure
to marine environments over their
service life. Chloride contamination
increases the severity of corrosion
as the ions penetrate the concrete
through acceleration of reactions at
the steel surface. These ions tend to
manifest as pits on the steel surface,
rather than general corrosion, that
result in rapid loss of cross-section of
the steel.

This was the issue presented

to the now 86-year-old historic
bridge located at Inverbervie in
Aberdeenshire. The Bervie Jubilee
Bridge had cracks appearing in its

concrete cover and water leakage
from the deck through half-joints
that carried de-icing salts from

the road above. In 2008, following
extensive deck joint replacement,
deck repairs and waterproofing
replacement in 2003, restoration of
the support beams and half-joints
using traditional structural concrete
repairs was needed, partnered

with ICCP methods to protect this
structure from immediate corrosion
issues and to control it over the long
term.

Reflecting on the strategy
adopted by Aberdeenshire
Council in consultation with its
specialist corrosion consultant,
Structural Healthcare, we can

see an early example of more
recent Government policy

on environmental, social and
governance (ESQ) criteria that now
need to be considered in public
procurement projects since January

LEFT: Figure 1—-general view
of Bervie Jubilee Bridge,
constructed in 1935.

RIGHT: Figure 2 — chloride-
related spalling of reinforced
concrete support beams at the
arrises was common.

FAR RIGHT: Figure 3 — electrical
discontinuity was addressed

by bonding following extensive
testing.

2021 to encourage sustainability
practices. This is underscored
within The Construction Playbook®
where innovation is encouraged as
the path to achieving low-carbon
sustainability.

The Bervie Jubilee Bridge project
highlights important concepts
within current ESG policy. Where
adopting a repair and protection
strategy within the long-term,
bridge management provides a
significant saving in embodied
carbon.

Innovative technology resulted in
reduced greenhouse gas emissions
and a structure better prepared to
face environmental challengesin
the long term; this is evidenced by
the absence of the need to re-repair
this structure in the intervening

13 years since the installation was
completed and control began.

HISTORICAL CONTEXT

The Bervie Jubilee Bridge is a key
arterial road structure, and historic
landmark in north-east Scotland,
carrying the A92 from Aberdeen,
through the historic town of
Inverbervie to Dundee. The Bervie
Jubilee Bridge, as we know it today,
is the third bridge to be built on-site
and was completed in 1935.

THE ISSUE

The bridge was suffering from the
effects of corrosion to the suspended
and cantilever reinforced concrete
support beams and half-joint
elements. The worst problems were
seen on the soffits of the beams,
arising from the venturi effects of
the circulating marine environment
under the bridge and through the
leakage of chloride-entrained water
through the half-joints.

The nature of the corrosion
problems was common for chloride-
accelerated attack, typified by

the pitting of the surface of the
reinforcement steel that had
significantly diminished the
structural integrity of the steel and
caused cracking and spalling of the
concrete cover.
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To understand the condition of
the bridge further, the client,
Aberdeenshire Council, undertook
a major underbridge principal
inspection visual survey, marking
all repairs needing to be done and
engaged its corrosion specialist
consultant to design the ICCP
system. The conclusion of the survey
was that if the corrosion were left
unchecked then this would lead
eventually to a reduction in strength
and the contravention of European
legislation for full vehicle loading. It
was evident that restoration action
was needed to repair and increase
the resilience of the structure,
otherwise there would be a wider
impact on local trade and to the
economy of the area in general,
should the bridge require closure.

However, access to the town posed
a major issue and it was apparent
that the bridge needed to remain
open to allow normal traffic and
trade to continue for the town.
Local businesses were operational
below the bridge, so accessibility
had to remain in place and the
height of the bridge over water
made access to the underside of the
bridge challenging. The contractor
was, therefore, required to provide
traffic management to access the
top of the bridge for the workforce
to operate from a raised platform
built into extensive scaffolding
constructed up to the full height of
the piers.

CONCRETE REPAIR

These were planned, executed

and completed with Standards
compliance to BS EN 1504 and
BS EN 1SO 12696 for repair and
protection of reinforced concrete
structures. Concrete removal

was achieved generally by hydro-
demolition of delaminated concrete
only where contaminated concrete
can remain when ICCP is used
provided it is still bonded to the
reinforcement steel.

RIGHT: Figure 4 — Cross-
sectional details of
anode positions within
the half-joints.

USING ICCP

The client's wish to maintain a
simple production schedule,
alongside the complex 3D steel
configurations through depth

in the structure, meant that the
ICCP design could not be achieved
with surface-mounted systems.
Moreover, the design needed to
provide aesthetic appeal on the
finished installation with sufficient
output current through depth

and a plan that was as simple as
possible to enable efficiency for site
productivity to be achieved.

All anodes installed were
standardised as 12mm diameter
and 100mm length to provide

the necessary current output

with variable depth of drilling to
target shallow and deep steel
configurations. This led to the
specific choice of the fluted or star-
shaped conductive ceramic anode
that provided the necessary higher
currents at lower anode dimension
needed to protect the 3D steel
densities, while minimising the
diameter of the drill hole.

The final installation saw over

8500 anodes drilled in, with ICCP
operation in 20 zones with separate
control of the beams and the half-
joints. These zones are networked
together along the length of the
bridge to minimise the amount of
cable on the project and managed
from a single communication point
to the north of the bridge. The
performance is managed using
remote internet access to data

and control functions, and notified
to the owner on an annual basis,
while providing on-call access to
performance throughout the year.

POST-RESTORATION

Monitoring devices are embedded
to provide information on the
various structural bridge elements,
such as half-joints, cantilever and
suspended beam sections.

There are 80 monitoring locations
investigating BS EN I1SO 12696
Standard performance criteria

in the form of instantaneous off
potentials weekly, potential decay
measurements monthly and end
of decay potential for the bridge.
Power outputs from the external
zonal supplies are monitored for
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RIGHT: Figure 5 -
measurement of end of
decay potential (MVCSE)
over time of operation
of operation of the ICCP
system for Zone 1.

BOTTOM RIGHT: Figure 6 —
measurement of corrosion
rate (um/ year) over time
of operation of the ICCP
system for Zone 1.

driving voltage and output current
to the zone.

In addition, corrosion rate reduction
is assessed at 40 of the monitoring
locations captured at the end of the
potential decay sequence. All these
data inform predictive maintenance
decisions and tracking service life.

As an example of response to the
long-term operation of the ICCP,
Figures 5 and 6 demonstrate the
long-term tracked behaviour of
Zone 1in terms of the end of decay
potential and corrosion rate over
the time of operation. Both these
data types cross-correlate in that

a reduction (and maintaining of
this reduction) of corrosion rate
would be anticipated to show a
requisite positive shift in the end of
decay potential from unenergised
condition at commissioning if
repassivation is taking place.

This managed controlled state is
shown clearly by these plots with
similar behaviour across all zones.
It is noted that in other zones the
corrosion rate remains below 5um/
year but above 2um/year as the
assessment criteria thresholds
values.

Assessment of operation of the ICCP
system in this way demonstrates
that while control is being achieved,
the structure should remain
energised to provide protection as
the corrosion rate is likely to increase
in the off condition in some areas,
given that repassivation has not
occurred in all measured locations.

It is stressed that the ICCP has been
successful in its intent to control
corrosion, reducing activity over the
time of operation.

AHEAD OF THEIR TIME

Aberdeenshire Council made
decisions and constructed a repair
strategy that, if made today, would
be considered compliant with the
values and objectives of the ESG
policy for low-carbon sustainable
outcomes. It took careful steps

to repair and protect the bridge,

choosing to retain the structure
and use controllable long-term
technology that was respectful

to the environment, securing the
embodied carbon, while also taking
control of the degradation risk to
futureproof the asset.

Exemplified in this project is the
dovetailing of compliant reinforced
concrete repair practices with the
long-term benefits of corrosion
mitigation and management. The
historic aesthetic of the bridge
was unharmed during the project,
despite the requirement to be
intrusive during the repair of the
concrete and the installation of the
ICCP drilled-in anodes. The installed
system was also compliant with all
the requirements of the national
conservation authority (Historic
Scotland).

As well as the visual appearance
being preserved, the embedded
steel of the structure and
surrounding concrete is protected
by the ICCP system, meaning

the service life of this vital asset is
extended. Furthermore, the bridge
can be continuously monitored
remotely via the internet, to
inform and create more proactive
maintenance decisions, creating a
sustainable solution for protecting
this historic structure. @
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