
Chapter 10

Designing for corrosion
control

The design of structures and buildings is usually considered in the context
of shape, appearance and structural integrity. However, there are other
aspects of design which are less obvious but can nevertheless have an
important influence on the overall economics of a structure. The protec-
tion against corrosion both initially and over its lifetime accounts for a not
inconsiderable part of the overall cost of a structure. Therefore, any
aspects of the design that increase costs should be of concern. The purpose
of this chapter is to indicate areas where the design itself may adversely
affect the performance of coatings or increase the probability of corrosion.

In many structures the detrimental influence of certain design features
may cause problems related to maintenance. However, the additional
breakdown of coatings and consequent rusting is often assumed to be an
inevitable situation that occurs with all steelwork. The possibility that it
could be avoided by attention to the detailed design is often not taken into
account. This is to some extent understandable because the designer has
problems with other aspects of design and fabrication and even if aware of
problems from corrosion tends to assume that these will be satisfactorily
dealt with when the structure has been painted.

The adage ‘corrosion control begins at the drawing board’ is correct but
presupposes that at this stage there is an appreciation of design in relation
to its effect on corrosion. It is interesting to note that more attention
appears to be paid to these matters for offshore structures compared with
those built inland. This no doubt arises from the very aggressive situations
that offshore structures have to withstand and the necessity to reduce
repainting to a minimum because of the difficulties involved.

Although coating breakdown and steel corrosion are likely to occur
over a longer timespan on structures exposed to less aggressive conditions,
they still occur, so action should be taken to avoid any situation that
unnecessarily causes such problems.

ISO 12944 Part 3 ‘Design considerations’ provides information on the
basic requirements for the design of steel structures. It includes diagrams
showing examples of good and bad design features, such as water traps,
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mixture of dissimilar metals and the problems of accessibility for applying,
inspecting and maintaining paint systems.

10.1 Environmental conditions

The nature of the conditions to which structures are exposed has a marked
effect on the selection and performance of protective coatings and also on
the overall effect of design. Generally, the more aggressive the conditions,
the greater the influence of adverse design features on the performance of
coatings. For example, bimetallic corrosion (see below) may not be appre-
ciable when steel structures are exposed to comparatively clean inland
conditions, but the same alloys coupled to steel under immersed con-
ditions in seawater may cause serious problems. Other features, e.g.
crevices, are also likely to cause additional problems in more aggressive
environments, particularly under immersed conditions, where mainte-
nance and remedial action will be much more difficult to carry out. It
follows, therefore, that increased attention should be paid to all aspects of
design where structures are exposed to severe environments. However,
the effect of environment is often in terms of time to failure rather than
the absence or occurrence of corrosion.

10.2 Materials

In plant construction, the materials used are of major importance. The
selection of suitable alloys for pipework, heat exchangers, pumps, etc., is
an essential part of the design requirement. For the types of structure
covered in this particular book, the materials are usually fairly standard
steel sections and slight variations in composition are unlikely to affect the
overall performance of protective systems. Nevertheless, there are certain
aspects of material selection that may influence corrosion.

(i) Fasteners are often the weakest part of a structure with regard to
protection. This arises from a number of causes such as the greater likeli-
hood of damage to the coatings because fasteners act as projections. More
important, however, is the stage at which they are protected. Often the
main structural sections are painted in the works before transportation to
site prior to erection. The sections are then bolted and often the fasteners
receive inadequate protection; sometimes no more than the final on-site
coat applied to the structure. Zinc-coated bolts will, in many situations,
raise the standard of protection to the equivalent of that of the main struc-
ture painted in the works. For some situations, fasteners produced from
alloys such as stainless steel or ‘Monel’ may be preferred to carbon steel.
Such alloy fasteners are advantageous where the nuts and bolts require to
be removed during the life of the structure. Carbon steel bolts tend to rust
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at the threads, which makes removal very difficult. Attention must,
however, be paid to problems of bimetallic corrosion when using alloy fas-
teners and where appropriate they should be coated.

(ii) Galvanised wall ties used in the exterior brickwork cavities of build-
ings have, in some cases, corroded at an unacceptable rate and in many
situations stainless steel is now preferred. This is a design problem because
the cavities are not necessarily dry, particularly where the ties are fixed to
the outer wall. Bricks are porous and may allow the ingress of moisture,
particularly in situations of driving rain.

(iii) The employment of alloys or alloy-clad material may be preferred
to the use of conventional coatings in some critical areas of a structure.
Typical examples are the use of a ‘Monel’ cladding on the risers of off-
shore oil production platforms and ‘Incalloy’ welded overlays on parts of
marine structures. Clearly, attention must be paid to galvanic effects in
such situations and the different alloys must be insulated from each other.
Sometimes carbon steel clad with titanium or stainless steel may be used;
in this case sound sealing of the edges is essential.

(iv) Stainless steels may be used for certain parts of structures or build-
ings. When they are freely exposed to air, very little corrosion will occur.
However, when they are immersed in seawater the presence of crevices or
overlaps can lead to corrosion and the same precautions should be used at
crevices as for carbon steel (Section 10.5). The reason for the corrosion is
that the protective (passive) oxide film breaks down and because of lack of
oxygen in the crevice is not repaired, so that the stainless steel acts like
carbon steel. Deposits and fouling on the surface of stainless steel
immersed in seawater can also cause pitting.

10.3 Bimetallic corrosion

The corrosion arising from connecting two alloys, one of which is more
noble (or cathodic) than the other, leads to bimetallic corrosion of the less
noble (or anodic) alloy. The relative nobility of metals is shown in various
‘galvanic series’, the most common of which is that produced for immer-
sion in seawater (see Table 10.1). The extent of the corrosion depends
upon a number of factors:

(i) The presence of an electrolyte and its conductivity: bimetallic corro-
sion does not arise under dry indoor conditions. It may occur under damp
conditions in air, especially in areas that remain moist for prolonged
periods, e.g. crevices. However, it is likely to be most severe under
immersed conditions, particularly in high-conductivity seawater.

(ii) The relative positions of the alloys in the galvanic series: generally,
the effects are likely to be greater when alloys are well separated and cor-
rosion will be less when they are close together. Some alloys dependent on
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passive films for their corrosion resistance appear in two positions in the
series, depending on whether they are ‘passive’ or ‘active’, i.e. whether or
not the protective surface film has broken down. Stainless steels are
usually far more noble than carbon steels, so will increase the corrosion of
the carbon steel to a considerable extent, but when ‘active’, i.e. corroding
themselves, they are a good deal less noble.

(iii) The relative size of the two alloys has a significant influence on the
rate of corrosion. For example, a larger area of bare carbon steel in
contact with a small area of stainless steel will not be severely attacked
overall, but where the stainless steel is much greater in area than the
carbon steel, considerable corrosion of the latter may occur. This situation
may occur when stainless steel or other alloy fasteners, e.g. ‘Monel’, are
used in conjunction with painted steel structures. If there are any small
pores or pinholes in the coating, the small area of bare carbon steel will
provide a very large cathode/anode ratio with the more noble bolts, and
severe pitting of the carbon steel may occur. This is, of course, likely to be
most severe under immersed conditions.

(iv) The formation of corrosion products on the less noble metal or
other polarisation effects may lead to a reduction in corrosion or even to
its being stifled. On the other hand, in some situations, e.g. in coastal
marine atmospheres, the corrosion products may be hygroscopic, leading
to prolonged periods of ‘wetness’ and increased corrosion attack.

There are a number of methods of combating bimetallic corrosion but
wherever practicable it should be avoided by not mixing different alloys,
especially in aggressive environments. However, where this is not practic-
able, the following approaches should be considered:

(i) Insulate materials to prevent electrical contact: this may be
achieved in some situations by the use of suitable plastic gaskets or
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Table 10.1 Simplified galvanic series of alloys and metal coatings used for structuresa

Cathodic (protected) Titanium
Austenitic stainless steels (passive)
Nickel alloys, e.g. ‘Monel’
Copper alloys
Lead, tin
Austenitic stainless steels (active)
Carbon steel, cast iron
Cadmium
Aluminium
Zinc

Anodic (corroded) Magnesium

a Based on tests in seawater.
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washers. In other cases the painting of both alloys may prove satis-
factory.

(ii) Where practicable, ensure that the more noble alloy is smaller in
area than the less noble one.

(iii) Ensure good drainage from bimetallic joints and avoid such joints in
areas of potential water entrapment and at crevices.

(iv) Allow for adequate access for inspection of any bimetallic joints
that may be considered as critical parts of the structure. For
example, where facia cladding is fixed to a building, bimetallic joints
may be ‘hidden’ for 50 years or more and it is not possible to predict
with any certainty how they will react. Moisture may reach the
joints from leaks or deterioration of materials in other parts of the
building. Even the use of high-duty coatings will not guarantee pro-
tection over such prolonged periods.

(v) Bimetallic joints should not be ‘hidden’ in concrete or other porous
materials without a sound protective coating.

10.4 Access for inspection and maintenance

Adequate access for inspection and maintenance of the protective system
is usually an essential requirement of any design. Sometimes the design is
such as to preclude reasonable access. This situation should be avoided but
where this proves to be impracticable suitable action must be taken to
ensure that undetected corrosion does not result in the loss of structural
integrity.

It is unlikely that any conventional organic coating can be relied upon
for periods over 20 years without maintenance. Three possible approaches
may be considered:

(i) to build in what is often termed ‘a corrosion allowance’;
(ii) to use a more corrosion-resistant alloy;

(iii) to employ a thick coating of concrete.

Each of these possibilities carries inherent problems. A corrosion allowance
is simply the addition of sufficient steel to the section to allow for the antici-
pated loss by corrosion. The allowance is usually conservatively calculated
so, in most situations, will satisfy the requirements for the environmental
conditions. This method is used for much sheet piling but generally any
increase in corrosion over that allowed for is not critical. Again, it is used for
some areas of bridges, e.g. at the abutments. However, when using this
approach, the possibilities of enhanced local corrosion or changes in the
initial environment must be taken into account. Often the addition of a
coating to the steel even where a corrosion allowance has been added is
worth considering, because it will add a safety margin of some years.
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The use of an alloy that is more corrosion resistant than steel is some-
times a sound approach, although in most situations the additional cost
proves to be unacceptable. However, the characteristics of the alloy must
be fully appreciated, especially where it has to be embedded in some other
material because, while an alloy may overall be very corrosion resistant,
it may be attacked by alkaline materials or at crevices formed during
construction.

The use of concrete to protect the steel is widely practised with water
pipes where, because of the compressive nature of the coating, it generally
performs well. However, the thickness must be sufficient in atmospheric
situations to allow for the carbonation layer of the concrete. Furthermore,
if chlorides diffuse through the concrete layer and reach the steel surface,
corrosion may occur despite the alkaline nature of concrete. The possibil-
ity of monitoring the corrosion of steel in inaccessible areas is always
worth considering because this does allow time to decide on a suitable
course of action if problems arise.

The above discussion has been concerned with areas where access and
inspection are generally physically impossible, but there are also situations
where access is possible but very difficult. Alternatively, access may be
possible for visual inspection but not for remedial work. In some ways
such conditions cause more problems because often insufficient attention
is paid to ensure that the steelwork is satisfactorily protected in such situ-
ations. Access in this sense can have two aspects. The problems may be
concerned with the cost and the difficulties of erecting scaffolding. Often
this is inevitable, although on bridges and other structures suitable perma-
nent methods of access are included in the design. However, the access
problem may also arise from the difficulties of inspecting and later reach-
ing the steel surface to allow for adequate repainting. These situations can
be avoided, sometimes with comparatively small changes in design.

Figure 10.1 illustrates the situation where the design unnecessarily
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precludes the possibilities of sound cleaning and repainting. Sometimes
access is not impossible but because of the array of service pipes and other
equipment leads to considerable difficulties, particularly with the cleaning
of the steelwork before repainting.

The problems that can arise are illustrated in Figure 10.1. The relative
positions of different structural elements may be arranged in such a way
that access for maintenance painting is virtually impossible or even if there
is some access, the cleaning and painting of the steel is likely to be inade-
quate. Often comparatively minor changes in design will overcome the
problem.

Access problems of a somewhat different kind can occur where an array
of pipes and other equipment leads to difficulties in cleaning and adequate
painting. In such cases, it may be worth considering the ‘boxing-in’ of such
areas. The inside of such ‘boxes’ where the services are located should,
where practicable, be treated to remove moisture and some form of
inspection cover should also be incorporated. Generally, the boxing-in of
inaccessible areas is not recommended without some form of access for
inspection because if, for example, there is leakage into the box, consider-
able corrosion may occur. The addition of services after construction of
the main elements often poses difficulties, particularly if pipes are fitted
too close to other steelwork so that it is virtually impossible to reach some
parts for maintenance work. Often there is no reason why pipes should be
fitted flush, although additional costs may be incurred in using extended
brackets to allow for access. Alternatively, it may be possible to provide
brackets that are easily removed to allow for painting of the whole pipe.

The use of galvanised steel for pipes, pipe hangers and fasteners is
recommended in such areas. A particular problem arises with ‘back-to-
back’ angles. The space between such angles is too small to allow proper
cleaning and painting once they are in place. Consequently, rusting eventu-
ally occurs. If the angles are exposed to corrosive fumes inside a building, a
serious situation can arise in a comparatively short time. The problem can
be avoided by changing the design, e.g. using T-bars. Where the problem
becomes apparent during maintenance, the gap can be cleaned to the best
practicable level and mastic used to seal it. Another, but more costly way of
dealing with the situation is to weld in a spacer plate.

Where access of any type is likely to be a problem, the design should be
examined carefully to see whether an alternative approach can be
adopted. In particular, it may be possible to re-design parts of the struc-
ture so that critical elements are fully accessible.

10.5 Crevices

A crevice is a very small gap between two steel surfaces which allow access
of air and moisture, often through capillary action, but does not provide
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sufficient space to allow for cleaning and repainting during service. Typical
crevice situations are shown in Figure 10.2. The presence of a crevice or
overlap does not necessarily provide a corrosion problem. For example,
two heavy steel plates bolted together may produce a crevice between the
contact faces. However, although rusting may occur within this gap it may
simply be stifled as the space between the plates is filled with rust. On the
other hand, a similar situation with thin steel sheets bolted together could
well result in buckling of the joint and shearing of the bolts. It is not pos-
sible to provide strict guidelines on situations which are safe but, gener-
ally, small gaps in bolted heavy steel sections will withstand the pressure
set up by the formation of the rust.

As the formation of rust results from the reaction of the steel to produce
an oxide or hydroxide, the corrosion product will have a considerably
greater volume than the steel from which it is produced (Figure 10.3),
because 2Fe →Fe2O3.H2O. Rusts can produce high stresses within a
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Figure 10.2 Typical crevice situations.
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crevice and Figure 10.4 shows the typical buckling effect on steel railings
at the coast. This problem with the formation of corrosion products in a
confined space can arise with alloys other than steel and the effect is some-
times descriptively called ‘oxide jacking’. It is the same basic process that
results in the spalling of concrete from reinforcements that are corroding.
Crevices are often a more serious problem with alloys such as stainless
steel because the passive film may break down at a crevice, particularly if
chlorides are present. This can lead to severe pitting and may preclude the
use of the alloy for many situations. Typically, crevices arising from
gaskets at joints may produce serious problems.

270 Steelwork corrosion control

Rust much
greater volume

1.

2.

Moisture Crevice

Rust

3.

Buckling

Figure 10.3 Rust formation in crevices.

© 2002 D. A. Bayliss and D. H. Deacon



The difficulty with crevices arises because moisture and air gain access
through the gap and so allow corrosion to proceed. However, because of
the size of the gap it is not possible to clean or repaint it. Where practic-
able, crevices should be avoided or at least sealed. Sometimes welding in
preference to use of bolted joints may solve the problem. Welding of the
entrance of the crevice or filling with mastic are other approaches,
although mastics may harden and contract or crack over a period of time,
leading to the formation of a further crevice. Sometimes the solution is to
increase the gap so that crevice conditions no longer operate. For
example, it is preferable to allow for a gap between bricks or masonry and
steel rather than to have close contact where rust exerts direct pressure on
the brittle building materials, causing cracking. There is clearly an advant-
age in painting the contacting faces before they are bolted together in a
structure. It is preferable to bolt the sections together while the paint is
still wet to make sure that any gap will be filled with the paint.
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Figure 10.4 The effect of crevice corrosion.
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10.6 Ground-level corrosion

The conditions at ground level are often more severe than on other parts
of a structure. This arises from splashing that may occur from rain or the
movement of vehicles on roads, and from the collection of water where
insufficient attention has been paid to the detailing at the point where the
steel enters the ground. Problems occur with most structures, but can be
severe on lamp posts, railings and similar steel furniture which may be fab-
ricated from comparatively thin material. The effects of salts exacerbate
the situation in coastal areas. It is advisable to provide additional protec-
tion at ground level. This may be achieved by applying thicker coats of
paint, but the use of properly designed concrete plinths is preferable (see
Figures 10.5 and 10.6).
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Figure 10.6 Concrete plinth to protect steel at ground level.
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10.7 Entrapment of moisture and condensation

The entrapment of moisture and dirt in elements of a structure can lead to
enhanced corrosion or the reduction in life of coatings. Condensation also
may lead to similar effects. The problem with moisture arises from the
prolonged periods of contact that may occur with an electrolyte which,
because it is generally well aerated, can attack the steel fairly rapidly at
defects in the coating. Furthermore, where coatings are chosen to resist
atmospheric influences they are seldom so protective when in more or less
permanent contact with aqueous solutions. It should also be borne in mind
that other design features such as bimetallic couples and crevices are likely
to be more active under prolonged damp conditions.

Figure 10.7 illustrates typical situations where moisture may be
entrapped and indicates possible methods of overcoming the problems.

Drainage holes often act as a simple solution provided they are properly
sited. Clearly, they must be positioned at the places where water is likely
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to collect, generally at the lowest points. This can be checked fairly easily
but, from observations on some structures, drainage holes are not always
placed in the most appropriate positions. They must be of sufficient dia-
meter to ensure that they do not become rapidly blocked with leaves and
other debris. The use of suitable drainpipes will ensure that the water is
not allowed to run over other parts of the structure. Ledges should, if pos-
sible, be avoided as they act to collect dirt and moisture. Often hygro-
scopic particles in the dirt collected will cause a permanently wet poultice
of corrosive matter to remain in contact with the steel, again causing
breakdown of coatings followed by corrosion. Condensation produced by
warm humid air impinging on a colder surface can equally be a problem.
In interior situations it can often be avoided by suitable ventilation, pro-
vided the surfaces are reasonably insulated from the exterior environment.
Difficulties can arise with sheet steel roofs where the temperature of
the metal surface varies from that of the ambient conditions inside the
building.

Condensation inevitably occurs on the undersides of sections on many
structures, e.g. on bridges over rivers. The extent will depend upon the
actual conditions and size of the structure. The solution is usually based
on the selection of suitable coatings to resist the conditions. Anti-
condensation coatings are widely employed in highly humid conditions
such as those experienced in parts of breweries.

10.8 Geometry and shape

The geometry and shape of structural elements influences corrosion in a
number of ways. Smooth, simple surfaces are the easiest to clean and paint
and so are most likely to provide the best resistance to corrosion. Most
design problems arise basically from the protrusions, changes of plane,
sharp angles and edges and general lack of clean lines which are inevitable
with the fabrication and erection requirements of complex structures.
Although such lack of homogeneity cannot be completely avoided, steps
can be taken to reduce its overall influence to a minimum. For example, it
is easier to coat tubular rather than angular sections. Clearly, for a variety
of reasons, round sections cannot always be used. Nevertheless, where
there is a direct choice based on technical and economic factors, tubular
members will generally prove to be easier to protect from corrosion. This
arises from their lack of edges and overall smoothness of lines. Addition-
ally, coatings such as tapes can be used with much greater ease on such
members.

Edges are always difficult to protect (see Figure 10.8). Tests by the
authors have shown that the reduction of film thickness on the edges of
typical steel sections can be as much as 60%. Improved coating thickness
will be achieved if they are contoured to a smoother shape. Although
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additional stripe coatings can be applied at edges, they are, by their
nature, features that can easily be damaged.

Generally, large flat areas are much easier to protect than a range of
sections of different shapes with random orientations of plane. As fabrica-
tion and design have developed, structures have tended to provide cleaner
lines. It is interesting to compare the two bridges across the Forth in Scot-
land. The rail bridge requires almost constant painting with its complex
lattice girders, whereas the more modern road bridge is much easier to
maintain. Provided they are cleaned flush with the main surface, welds
generally provide cleaner lines than bolts or rivets. Complex structural
geometry provides problems for satisfactory coating and any improve-
ments that can be made by the designer will improve the durability of pro-
tection and ease of maintenance.

10.9 Tanks

Many of the features already discussed can be conveniently illustrated by
examining possible approaches to the design of water tanks. Although
they have been simplified, the two sketches of tanks in Figure 10.9 demon-
strate some of the fundamental points to be covered.
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(i) Access for protection of the underside.
(ii) Drainage at the lowest point.

(iii) Welded structure for smoothness.
(iv) Circular construction for ease of maintenance.

It would be unreasonable to ignore the additional fabrication costs that
might be involved in the ‘improved’ design, but from the standpoint of
corrosion protection it is undoubtedly superior.

10.10 Fabrication and construction

During fabrication additional items may be welded on to the main
elements, such as brackets and hooks to assist with the handling and erec-
tion of the steelwork. These can be advantageous from the protection
standpoint because they can assist in the avoidance of damage to the
coating.

Generally, their presence on the steel sections do not cause any prob-
lems so they may be left in place and painted. This may be satisfactory if
the welds are properly cleaned (see below) before painting. Sometimes
they are flame-cut to remove them or if small, mechanically removed. If
these broken surfaces are not ground to a reasonable finish, coatings
applied to them are likely to fail prematurely.

Welds. Weld spatter is the term given to the small globules produced
during welding which stick to the steel in the vicinity of the weld. These
provide points for pinpoint rusting of coatings applied over them, and
should be removed.

Flux residues remaining from welding may be alkaline and so will affect
coatings. These residues should be removed.

Discontinuous or ‘skip’ welds are frequently used for situations where
continuous welding is not considered necessary. Although satisfactory
from an engineering point of view, they are difficult to coat satisfactorily
particularly when used for lap joints; they should be avoided.

Butt joints are easier to protect than lap joints, which present a crevice
situation on one side which will inevitably promote coating breakdown.

Generally, welds are easier to coat than nuts and bolts. However, unless
they are prepared properly before painting, undercutting, flux and spatter
can all cause problems.

Nuts and bolts. With so many sharp edges and the ease with which paint
coatings applied to them can be damaged, nuts and bolts can be a problem.
Often, the thickness of paint applied is less than on the main structural ele-
ments. It is not uncommon to see fasteners rusting and causing rust streaks
on an otherwise well-protected structure. Furthermore, the presence of a
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joint when steel is bolted adds to the difficulties of providing sound protec-
tion, because it may act as a crevice.

10.11 Corrosion of steel in contact with other
materials

Where steel-framed buildings are clad with masonry and similar materials,
these materials can crack if they are in direct contact with steel which cor-
rodes. Unlike heavy steel sections which are able to resist the pressure of
the rust, brittle materials cannot do so and consequently are physically
damaged. It may, therefore, be advisable to paint the steel if there is any
likelihood of moisture reaching the surface through inadequate joints,
leaking roofs, etc. It may be preferable to design the building so that there
is no direct contact between the steel and other materials used in the con-
struction.

Some porous materials can promote corrosion of steel if they are in
direct contact with it, e.g. wood, particularly if it becomes damp. Again, it
is advisable to paint both contacting surfaces.
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