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CHAPTER 25

DESIGN OF CORROSION-SAFE STRUCTURES

by

V. Roger Pludek

. INTRODUCTION

The rising cost of labor and energy and the scarcity of
raw materials make conservation a necessity today, par-
ticularly with regard to steel structures that cannot easily
be dismantled and replaced. When they suffer unchecked
corrosion, steel structures fail, and their failure has a pro-
found influence on the economic and social welfare of all
people. As more and more corrosive effluent is being emit-
ted, and the corrosiveness of atmosphere, soil and natural
waters increases, the negative effect on steel structures is
compounded.

The effects of poor design can seldom, if ever, be cor-
rected by coatings. Preventive control, beginning with
design, offers the best answer to the difficult problem of
corrosion. A majority of service failures caused by corro-
sion would not occur if proper precautions were taken at
the design stage. All designers, engineers and technical
workers engaged in a construction project must work to-
gether to create an integrated corrosion control system.*

Il. REQUIREMENT OF CORROSION
EXPERTISE

There is a great deal of knowledge about corrosion
that is not being translated duly into practice. Much better
effort to improve communication and cooperation between
individuali specialists, in management, purchasing, design-
ing, production, and installation should be made. Rather
than learning by trial and error, an exceedingly expensive
process, the designer and all other workers in design
should be aware of the best sources of advice about corro-
sion control. Scientists, engineers, technologists,
technical and managerial workers must be educated about
corrosion and its control to conserve materials and pre-
vent failures due to environmental or bad design in-
fluences.

lll. MATERIALS

Among the most fundamental design activities, the
appreciation and evaluation of materials of construction
take the lead. Only thus can unnecessary work be avoided
and serious mistakes prevented.

*A full account of Mr. Pludek’s corrosion control work exists in
his book, Design and Corrosion Control, Macmillan, 1977. Another
excellent account of the subject is given in National Association
of Corrosion Engineers Standard RP-01-78.
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All materials of construction and preservation must
be appreciated and evaluated, not only individually but
also en masse, in complete units or components. Not only
the structural steel is considered, but also the necessary
weld metal, fasteners, plastics, separation materials,
sealants, coatings, etc., all together in their rational rela-
tionship.

Good design must create a unified, reliable and safe
functional complex. The main purpose of such materials
association is to fulfill its prime requirement of functional
utility and also the requirements of safety and survival
stability. It is not possible to separate the functional ap-
preciation of materials from its corrosion engineering
counterpart.

Even high quality materials can become casualties as
a result of poor design and poor corrosion control. In
general, the prime requirement of integrated corrosion
control is to provide a parallel system of appreciation,
evaluation, and selection of materials, both for their func-
tional suitability and for their ability to sustain this
positive function for the required length of time at an
economic cost.

Requirements for structural material inciude the
following:

1. Select materials for their functional suitability
and ability to maintain their function safely for an
economical period of time at a reasonable cost.

2. Specify accurately and test on delivery for
conformance with specifications.

3. Select more corrosion-resistant materials for
more critical structural members or where relatively high
fabrication costs are involved.

4. Compromise where necessary; trade-off
mechanical advantages for corrosion protection.

5. Do not specify more expensive materials than ab-
solutely necessary, except for long-term economy or
preservation of the safety of personnel or product.

6. Do not mix short-life materials with long-life
materials in sub-assemblies that cannot be repaired.

7. Evaluate for suitability not only the structural
members but also their basic treatments (chromate
passivation, galvanizing, etc.).

8. Do not use flammable materials in critical places.

9. Do not use materials producing corrosive or toxic
fumes for steel structures subject to fire hazard.

10. Select metals of construction in accordance with
a comprehensive selection list that takes into account both
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function and corrosion controls. Metals should be
selected on the basis of their physical properties, design
limitations, fabrication character, and economic utility. In
each of these areas function and corrosion control must
be considered.

IV. COMPATIBILITY

A. INTRODUCTION

Some designers don’t appreciate the total structure
as one complete whole with its inherent design character,
which transcends its material and elemental boundaries.
This badly conceived inter-relation among the materials
within the structure can ruin even the best design.

All intermaterial parameters must be properly ap-
preciated and evaluated before any final design decision is
taken. This evaluation must take into account problems
caused by direct contact between dissimilar metals or in-
duced by changes of polarity, by transfer of electrolysis
through a medium, by transport of metallic particles in the
environment, by stray currents or by any other adverse ef-
fect arising from the proximity of incompatible materials.

B. DISSIMILAR METALS

1. Faying surfaces of dissimilar metals should be
designed for effective separation. Separation materials of
suitable shape, thickness, consistency and mode of ap-
plication should be used (gaskets, butyl tape, sealant,
etc.).

2. Insulation must be sufficiently thick and cover
sufficient area of bimetallic joints to prevent conductive
medium from by-passing it and reaching the faying sur-
faces of the connection.

3. Crevices between structural metals and plastics
may support an increased rate of corrosion (crevice and
chemical attack). Test their compatibility.

4. Input of large cathodic areas of metal with small
anodic areas must be prevented in design of structures ex-
posed to corrosive environments.

5. Key structural units, especially if these are
smaller than adjoining units, should be made in more no-
ble metals (Figure 1).

6. Less noble structural members in bimetallic
structures should be made larger or in a thicker metal form
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to allow for corrosion waste and sacrificial protection of
cathodic members.

7. Design must provide for an easy replacement of
anodic structural units.

8. Laminar composites may be used in marine en-
vironments for bimetal composite structures: noble metal
clads, sacrificial metal clads, corrosion barriers, complex
multilayers (Figure 2).
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9. Clad metals can be used as transition joints in
structures.

10. Edges of clad metals in corrosive environments
must be well protected (Figure 3).
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11. Proper structural design must conduct moisture
away from bimetallic joints.

12. Dissimilar metals connected in a couple must not
be embedded in any porous environment or material
without effective protection (insulation, concrete, soil,
etc.).

13. Structures embedded in porous environments and
in proximity of other structures having dissimilar metals
will suffer galvanic corrosion unless adequately protected.

14. The designer must specify against the use of
backfill containing rough, coarse carbon cinders and
ashes around buried structures. Burying structures in old
household and industrial dumping grounds must be
discouraged.

15. if adielectric separation is not possible, fasteners
must be coated with anti-corrosive primer and their ex-
posed ends encapsulated.

16. An application of moisture-proof coating or
organic sealant over a bimetallic connection should be
considered a measure of lesser effectiveness.
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C. COATINGS, FILMS AND TREATMENTS

1. The component parts of a bimetallic joint should
be cleaned, pretreated and primed prior to assembly in
sheltered conditions.

2. Relative proportion of discontinuities in the pro-
tective coating of a bimetallic joint between its anodic and
cathodic element affects its corrosivity.

3. Painting does not provide dielectric separation
against galvanic corrosion.

4. A metallic coating used on the bimetallic connec-
tion overall must be less noble than either of the metals
used in the connection (Figure 4).
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5. Coatings containing metals or their active com-
pounds must not be applied on top of coatings containing
zinc or aluminum on structures to be submerged in sea
water.

6. The designer must consider the possibility of a
change of polarity of metallic coatings on bimetallic con-
nections under any probable environmental conditions.

7. Partially cured or under-cured organic materials
and coatings can be a source of corrosion.

8. At temperatures above 150°F (66°C) the possibil-
ity of emission of hydrochloric acid should be considered
for certain vinyl paints.

9. Zinc- or cadmium-plated components should not
be used in heated compartments containing phenolics,
varnishes, unstable insulating materials or encapsulants.

10. Galvanized fasteners should not be used on
stainless steel structures at high temperatures.

D. STRAY CURRENTS

1. Avoid passage of electric current between struc-
tures and environment as described in the chapter on
cathodic protection (HVDC, other DC and AC stray cur-
rents; electric traction, welding plants, power undertak-
ings and cathodic protection stray currents).

2. Insulating couplings can be used to separate
metallic components for control of stray currents.

3. In a conductive environment however, surface
films can negate the effect of an increase in the length of
the insulating couplings, and result in external current
jump.

4. Avoid critical leakage of stray current by increas-
ing the earth contact resistance of structures, insulating

structures from earth, applying insulating coatings or plac-
ing structures in conduits.

5. Protecting structures with a cathodic protection
system can be effective (see chapter on that subject).

V. GEOMETRY

With appropriate geometry in the design of a struc-
ture, the designer can do much to control corrosion.

1. Structural design is an integral part of a structural
member and its function.

2. Structural design geometry should be simple,
sleek and streamlined.

3. Design forms should assist in preventing
geometry-dependent corrosion (crevice, impingement,
galvanic, electrolysis, etc.).

4. The designer should select shapes, forms or their
combinations whose fabrication, jointing and treatment
does not worsen the corrosion hazard.

5. The design geometry must support all or most of
the selective corrosion preventive measures (initially and
within lifetime).

6. Corrosion-prone areas must be accessible.

7. Size and shape of structural members must con-
form to the method and technique of the selected protec-
tion (e.g. for galvanizing by single, double dipping; pro-
gressive galvanizing).

8. Prevent entrapment of liquids and absorbent
solids within the structural assembly. Provide adequate
drainage (Figure 5).
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9. Good design of the geometry of structures should
aid in preventing condensation and accumulation of cor-
rosive media in joints and other spaces.

10. The designer must avoid laps and crevices in
structural design, if possible. If these are unavoidable, the
laps must face downwards on exposed surfaces and all
such connections must be well sealed (Figures 6 and 7).
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