One of central Manchester's historic landmarks, Arkwright House, has been subjected to
a novel form of cathodic protection to prevent further corrosion of its structural steel frame.

Graeme Jones, C-Probe Technologies Limited, Paul Lambert, Mott MacDonald and Peter Bolton

with Michael Robinson of Richard Ellis St. Quintin* discuss some of the attributes of this
radical approach to sustaining and improving the service life of a precious city asset.

Introduction

rkwright House is an impor-
tant part of Manchester’s
heritage. It was designed in a
neo-classical style by local architect
Harry S. Fairhurst (1868/9 — 1945).
Named after the eighteenth century
Lancashire cotton magnate, Richard
Arkwright, the building was construct-
ed in 1927 as the headquarters of the
English Sewing Cotton Company.

During the Second World War, the
building was used as the North VVest
Command Post of Government with
an office and sleeping quarters dedi-
cated for Winston Churchill’s use dur-
ing his strategic visits to the North
West. After the war, Arkwright
House was used as the offices of the
Department of Transport. Today, the
80 000 ft? building is owned by Phillips
and Drew Fund Management Ltd and
used as prestigious city centre office
space.

Many buildings across Europe and
the USA were constructed in a similar
fashion to Arkwright House in the
period of 1900 to 1940 and as such
many of these, although lasting for

*At the time of the project both Peter Bolton and Michael Robinson were employed by Chesterton PLC before joining Richard Ellis St. Quintin recently.
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many decades, are now showing signs
of problems due to the effects of cor-
rosion of the steel frame.

In the UK, the problem has been
colloquially referred to as ‘Regent
Street Disease’ (akin to ‘concrete can-
cer .for reinforced concrete struc-
tures). The use of such emotive terms
indicates the concern that is generat-
ed by these problems. As with true
medical conditions, the sooner the
symptoms are correctly recognised,
the faster and more effectively an
appropriate treatment can be initiated.

Identifying the
problem

The embedded steel frame is clad in
outer skins of masonry and, some-
times, inner skins of brickwork. At
the time of construction, it was com-
mon practice to fill the resultant
voids with ‘mason’s mortar’.

Unfortunately, the mortar can act
as a direct path for moisture pene-
trating the structure and causing cor-
rosion of the stanchions behind the
cladding.

The build up of exfoliated rust lay-
ers, sometimes expanding as much as
10 — 20 mm for only 2 or 3 mm of
base steel, has caused tensile forces
to build up behind the masonry
resulting in cracking and movement of
the block and brickwork. This physi-
cal effect in turn exacerbates the
problem by acting as a path for fur-
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“...the damage pattern reported for Arkwright House
is consistent with those being widely observed
for steel-framed buildings of the same era.”

ther moisture ingress and an acceler-
ation of corrosion.

Detailed surveys conducted by the
Roderick O’Connor Partnership
(RoCp) with involvement by Mott
MacDonald were able to identify the
nature and extent of the problems and
allow the development of appropriate
repair and protection strategies.

It is important to note that the
damage pattern reported for
Arkwright House is consistent with
those being widely observed for steel-
framed buildings of the same era.

Tables | and 2 summarise both the
extent of the problem around the
building and the decision making prin-
ciples applied.

The worst problems seemed to be
focused on the top three (of seven)
floors making traditional repair
unavoidable. This was achieved by
removing the external cladding,
removing the corrosion products by
the needle-gun method and treating
the steelwork with a formulated coat-
ing finish for future protection prior
to re-establishing the facade.

This work is disruptive by nature
and expensive due to its labour inten-
sity. Since, as ever, economics are para-
mount and, although corrosion was
less evident in other areas, the risk of
future disruption could not be tolerat-
ed. As such, a global view of protection
to the entire structure was required.

Following extensive investigation

of alternative methods of repair to
stop the unacceptable progress of
corrosion, the design team opted to
compare two short-listed corrosion
protection methods: impressed cur-
rent cathodic protection (ICCP) and
surface-applied corrosion inhibitors
(S-ACI) in the form of a pilot prior to
commencement of the full works.

The main contractor (John
Mowlem & Company PLC) commis-
sioned a specialist North West-based
company, C-Probe Technologies
Limited (with installation sub-contrac-
tor, Llewellyn Stonecare Limited) to
design both pilot systems with future
system expansion in mind.

Pilot scheme

The choice of protection system for
the entire structure was not only
based on the technical outcome of the
pilot schemes, but also the ease of
expansion as well as the level of future
maintenance required to ensure long
term corrosion protection.

The ICCP system was based on
discrete anodes manufactured from
Ebonex® conductive ceramic. This
material allows a degree of versatility
in the choice of dimensions and is
essentially inert so that no future
degradation problems of the anode
material are anticipated following
installation. Discrete anodes have the
added advantage of being buried with-
in the structure and therefore shel-
tered from damage and hidden from
view.

In addition to the question of
whether the |CCP system would pro-
vide current through voided areas, the
anode spacing was also a matter for
conjecture and most readily resolved
through the use of a pilot study.

The corrosion inhibitor system
selected was based on emitter tech-
nology. A capsule contains the
inhibitor (usually an amino-alcohol
organic type) which provides extend-
ed protection by releasing small con-
centrations of vapour, sufficient to
form a protective film over the steel
surface.

Both systems are inserted into
drilled holes and made good, with
appropriate care, from the external
facade.

The ICCP system operates by
passing a protection current from the
drilled-in anodes (+ve) to the steel
frame (-ve) in an electrical circuit.
Since no cathodic protection system
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will pass current through dry air, it
therefore needs a medium through
which to complete the circuit (the
electrolyte), in this case, conveniently,
the very ‘mason’s mortar’ which acted
as the instigator of the problem. Data
was taken for both pilot systems.

In the case of the ICCP, this was
achieved using the C-Probe CPIOP
embeddable reference electrode by
measuring the steel potential before
and after energisation of the system
and applying EC Standard performance
criteria.

For the S-ACI, the monitoring sys-
tem comprised the C-Probe CPIlOI
embeddable corrosion rate probe'.
This method directly measures the
rate at which corrosion is progressing
and as such the rate at which it is
diminished through use of the inhibitor.

Both pilot studies were successful
in that they met the expectations of
tackling the corrosion processes.

The design team in consultation
with Mott MacDonald and the system
designer (C-Probe) chose to progress
with the ICCP system for extrapola-
tion of protection to the rest of the
building.

The primary reasons were:
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® Final installation visual aesthetics.
® Control of protection.

® |ongevity of the installation.

® FEase of availability.
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Although the capital cost of compo-
nents is higher for an ICCP system
than for the inhibitors, it is significantly
less expensive than the anticipated
costs associated with long term main-
tenance and protection by traditional
means.
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The protection
system

The impressed current cathodic pro-
tection (ICCP) system is designed to
protect the front faces of the steel-
frame stanchions located behind the
masonry and brickwork fagades to
avoid future build up of corrosion
roducts causing disruption to the
uilding.
These types of systems apply a
ermanent protection current to
change the condition of the steel elec-
trochemically from a state of corro-
sion to a state of protection (passivi-
ty). Provided the system is managed
and the current remains switched on,
the structure will be protected for its
lifetime.
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In the case of Arkwright House,
additional early detection sensors
have been installed to the ground
level prior to deciding any future pro-
tection strategy in these lower risk
areas.

The ICCP system consists primar-
ily of four main components: anode,
cathode, power system and monitor-
INng instrumentation.

The anode is an inert conductive
ceramic material with a long life and
requires zero maintenance once
installed. The cathode is simply steel
connections shot-fired to the stan-
chion. The power system is an elec-
tronic unit capable of providing out-
put of 24V at 3A DC. The monitoring
instrumentation consists of embed-
ded silver/silver chloride/potassium
chloride reference electrode, which
are durable and again requires no
maintenance once installed. These
specialist parts are cabled together
and tested under strict QA proce-
dures prior to energisation.

The installed [CCP system is man-
aged using C-Probe’s AchillesCP; a
state-of-the-art network management
software system which can be inter-

rogated on-site using a portable lap-
top computer or off-site using a tele-
phone modem link.

System performance

The performance criteria applied are
those covered under the European
standard for management of cathodic
protection systems as well as those
applied by the interpretative skills of
trained corrosion engineers.

Table 3 outlines sample data com-
paring initial condition with three
month |CCP performance from zones
14 and |5 on level 4 of the building
clearly demonstrating satisfactory per-
formance.

In all, there are 24 controllable
zones protecting levels | to 7. It is
important to note that the |CCP sys-
tem in totality is operating constantly
at a power consumption of a few
watts, such is the efficiency of the
design.

Additional monitoring has also
been installed for the ground floor
level comprising corrosion potential
sensors. These will be used to trend
the ongoing corrosion condition of
the steel frame without disruption of

the external fabric. The owner has
adopted a neural-network system,
which has the capacity to ‘learn for
itself” over the forthcoming months
and years. This will allow very sophis-
ticated alarming to be developed with
self-regulation a real target in the
future, thereby further reducing the
maintenance costs of operating the
system.

The neural network is also capa-
ble of expansion to other building
control facilities, such as electronic
carpark space control, air condition-
ing, air quality, security and lighting
controls.

In this way, it is possible to
increase the functionality of the build-
ing to cover many aspects of healthy
working as well as a few intrinsic lux-
uries if so desired.

This is only possible due to the
open network capabilities of the man-
agement system.
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