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Figure 1 St Andrew’s, Felixstowe, by Hilda Mason and Raymaond Erith (1930-1)

EINFORCED CONCRETE (RC), first
used in the construction industry in
late 19th century, became popular
for the construction of churches early in the
following century, and many early examples
of reinforced concrete churches are still in
use today. The system offered the advantage

compared to stone or brick, RC allowed the
walls and general support structure to be
reduced in thickness.

Concrete alone, which has been used
for centuries, is strong in compression but
relatively weak in tension. Steel reinforcement,
which may consist of bars, rods, meshes and
wires, is designed to overcome this limitation.
Bonding and mech | attach of the
reinforcements to the concrete is essential for
the two materials to combine to form a high
strength material. In the early 20th century
the bars were hooked and twisted together to
improve the attachment to the concrete. In
later years these were replaced by hot-rolled
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ribbed and deformed carbon steel bars, and a
mesh reinforcement was introduced, made of
mats of welded small diameter bars.

As the coefficient of expansion of steel
and concrete is similar, the two materials may
be effectively combined without suffering
thermal-mechanical effects. The reinforcement
is used principally to increase the strength
of concrete, but it also serves to limit crack
propagation when the reinforced concrete is
placed in tension.

Many of the early reinforced concrete
churches now require repair and conservation.
Unlike stone, the repair and conservation of
historically important concrete is still in its
infancy, although English Heritage is currently
conducting a number of trials in this area.
Repair of RC normally encompasses traditional
patch repairs and replacement but it can also
include more modern approaches, such as
the use of cathodic protection, re-alkalisation,
chloride removal, corrosion inhibitors and
the traditional methods of repair using
conventional materials and also illustrates

where more modern repair materials and
techniques have been used to effect repair.
(A further article on cathodic protection by
David Farrell, Kevin Davies and lain McCaig
was published in The Building Conservation
Directory in 2001 and is available on www.
buildingconservation.com.)

DETERIORATION MECHANISMS

The majority of damage that occurs to RC
structures is due to corrosion of the embedded
metal reinforcements. Reinforcing steel, being
the most common metal used in concrete, is
usually protected from corrosion for many
years in good quality, high alkalinity, concrete.

Steel immersed in an alkaline solution
forms a very stable film of iron oxide on
its surface, thereby mitigating any further
corrosion. The stable film is called a passive
layer and the protection is termed 'passivation
In new concrete a passive layer forms on
reinforcing steel due to the highly alkaline
conditions it encounters; the pH is typically
in the range 12 to 13. The alkalinity comes
from two sources: calcium hydroxide which
is formed from the hydration reaction when
water is first added to cement, and hydroxides
of sodium and potassium which are formed by
minerals inherent within the cement.

Corrosion of the steel reinforcements will
only occur if this passive layer is broken down
(depassivated) by corrosive elements such as
carbon dioxide and chlorides. Even the best
quality concrete is not resistant in the long
term if these corrosive elements are present
in the surrounding environment. They will
eventually penetrate down to the steel and
allow corrosion to commence.

There are two main processes which cause
corrosion of reinforcements. Carbonation,
caused by the effect of carbon dioxide and
moisture (carbonic acid) penetrating and
neutralising the concrete. and chloride attack,
caused by chlorides either being present
initially in the concrete mix or ingressing over
time in marine environments or as a result of
human de-icing (salting) operations. Acid rain
caused by atmospheric pollution is another
problem, particularly near heavy industry. In
all cases the passive layer on the steel formed
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