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Chapter 1

1.1

1.2

THE CONTROLLING FACTORS AND MECHANISM OF
ATMOSPHERIC CORROSION

General Introduction

Atmospheric corrosion is one of the most widespread causes of metal and alloy
degradation known. We only have to look at the corrosion of structural steelwork
in buildings, bridges and other forms of construction to recognize the enormous
wastage of materials, manpower and economic resources.

However, at the outset it is perhaps appropriate to state the reasons for writing this
book. The aim is not to provide a comprehensive treaty on the mechanism of
atmospheric corrosion or of all the interrelated equations by which the process
occurs. The aim is to provide an adequate insight into aspects of the corrosion
mechanisms and of the climatic factors that have a significant impact on atmospheric
corrosion in Southern Africa. This should enable the reader to take the collected
data and pictorial presentation of the appearance of metals under South African
conditions and use this information to provide the most cost effective sohutions to
corrosion problems, yet also maintaining aesthetic standards.

Itshould always be borne in mind that exposure programmes based on the exposure
of metal plates cannot be used in isolation. Poor design of components or structures
will always lead to serious corrosion problems, even when using the most corrosion
resistant materials. For this reason an addendum at the end of this book is provided
to itlustrate desirable design features.

Factors Controlling Atmospheric Corrosion

Atmospheric corrosion may be described as the reaction of a metal to its environ-
ment. The environment can vary considerably with respect to its moisture content,
temperature variations and the degree of pollution and/or other contaminants
present in the atmosphere. These varying factors have made it convenient to classify
any particular environment according to whether it is rural, urban, industrial, marine
or tropical, with varying subdivisions and combinations of these factors.

Whatever type of atmosphere is prevalent in a particulararea, it is importanttorealize
that there will always be changes in meteorological and pollution conditions from
yearto year and from season to season. These changes will influence the subsequent
behaviour of the metal.

From the above it is obvious that climatic factors may influence the corrosiveness of
the atmosphere to varying degrees; however, as a general guide, the relevant effect
of certain factors on corrosion is provided below:




— Rain

Rain may reduce corrosion by washing away foreign material or harmful corrosion
products that would otherwise promote corrosion. For example harmful deposits
such as settled sulphur dioxide (SO,), soot or hygroscopic contaminants may be
diluted and washed away before the metal's protective film is disrupted. On the
other hand the rain may be just sufficient to dampen or wet the metal, allowing the
formation of a surface electrolyte to promote corrosion. Alternatively the rain itself
may be corrosive {e.g. acid rain) again promoting corrosion. However, on balance,
precipitation is thought to be beneficial and likely to reduce corrosion.

— Wetting/relative humidity

The wetting of metal surfaces by condensation, for example by morning dew or from
settling of fog or mist, is likely to increase the corrosion rate. Thus the dew point,
relative humidity and the hygroscopic (i.e. moisture absorption properties} nature
of settled nuclei are important. The importance of the length of time a metal is wet,
often referred to as the "time of wetness", is considered to be critical to atmospheric
corrosion?,

Vernon®® carried out a series of classical experiments and demonstrated that in the
absence of rain, gaseous or solid pollutants in the atmosphere, serious corrosion does
not occur when the relative humidity of the atmosphere was below a certain critical
level. The critical relative humidity for steel is approximately 70% (Figure 1), above
which there is a steep increase in the corrosion rate although there may be no
apparent moisture on the metal's surface. The importance of the concept of a critical
relative humidity becomes apparent when we look at the annual variations in the
relative humidity, which is covered in Chapter 3. At approximately 70% relative
humidity, a thin invisible moisture film is present on the metal's surface and this
provides the electrolyte for a corrosion cell.

Thus relative humidity, combined with the "time of wetness" (related to dew point)
and temperature (increasing temperature will aliow the "wetness" to dry quickly)
all play an interrelated role in promoting corrosion.

— Atmospheric pollution

Vernon®? was the first to describe the accelerating effect of SO, on corrosion as a
function of humidity. Other overseas studies have aiso demonstrated the correlation
between the atmospheric concentration of SO, and the corrosion rate of steel and
zinc®™19. However very little work has been done on the combined effects of various
pollutants. There is evidence that ammonia (a by-product of coal burning) in the
atmosphere promotes corrosion by wetting the metal's surface®. Other workers®?
have shown that for the same SO, content in the atmosphere, if ammonia is present
(e.g. from coal burning ), then water droplets (rain) will contain a higher concentration
of sulphates than if ammonia was absent. As already indicated above, a higher SO,
content results in increased corrosion. Thus there can be no doubt that pollution of
the atmosphere plays an important role in promoting corrosion. In South Africa, its
effect can be erratic and often seasonal, particularly in urban areas due to increased
fuel consumption in winter. If the seasonal and daily relative humidity pattern, as
outlined above, is superimposed over the pollution seasonal/daily pattern, then an
understandable picture emerges to explain the corrosion pattern of South Africa. In
the Highveld areas of South Africa, pollution levels increase significantly in the
winter dueto increased fuel consumption for heating. Fortunately, the Highveld
areas are a summer rainfall area with almost no rain in winter. As a result the seasonal
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relative humidity pattern for winter is one where the dew point may be reached at
night, but the relative humidity is extremely low throughout the day and relatively
low during most of the night. Thus, despite pollution, the level of corrosion is not very
high. If the pollution had coincided with a greater humidity and a longer "time of
wetness”, corrosion would be more significant.

— Winds

Winds play an important role in that they affect the distribution of the corrosive
constituents of industrial, urban or marine atmospheres. This is of particular
importance in the South African coastal environments. Our coasts are often subject
to heavy surf action and if this is coupled with onshore winds, a salt haze is seen
moving inland. The directional effects of the wind are prominent in, for example,
the Cape Peninsula and Port Elizabeth. Metal poles examined in the Cape Town area
will always display severe corrosion on the side of the pole facing the prevailing
South Easter. Copenhagen®? showed that wind-borne salt is carried over 30 km
inland in the South Western Cape.

— Radiation

Radiation from the sun shows seasonal variations and its effect on corrosion can vary.
For example, radiation can cause increased corrosion by raising the temperature of
a metal's surface. High intensity of ultra violet (UV) radiation can also degrade
organic materials and thereby increase corrosion due to the degradation of paint
coatings. Onthe other hand, increased temperature can reduce the "time of wetness"
of a surface, thereby reducing the corrosion risk. Diurnal temperature fluctuations
in South Africa may be as high as 30 °C and this can cause serious problems to
coatings due to thermal cycling,

— Micro versus macro climates

Whilst the general Durban environment may be described as either an industrial-
marine or an urban-marine environment, the corrosion rate may vary considerably
depending on where the metal is exposed. The seaward side of the Bluff isa very
severe marine climate. The corrosion rate drops very significantly in the lee of the
Bluff as a result of the protection provided by the hill forming the Bluff and the fact
that the sea water in Durban Bay is relatively calm. Thus, it is important to
distinguish between the macro and micro effects of the prevailing climate.

Mechanism of Atmospheric Corrosion

Most metals are derived from ores which undergo many metallurgical processes and
refining before the final product is produced. The basic cause of corrosion is the
instability of the metal in its refined form. The process of corrosion is, esseatially, the
metal reverting back to the ore from which it was originally derived i.e. back to a
stable state (the law of maximum entropy).

Many metals automatically form a thin oxide film on their surface and in some
instances this film is self healing and thus protective. This is the reason why some
metals corrode easily whilst others are corrosion resistant. For example, the oxide
films present on mild or unalloyed steel surfaces tend not to be adherent or
continuous, and corrosion begins rapidly at breaks in the mill sczle of hot rolled
structural steel. Onthe other hand, the films formed on zinc and aluminium, normally
considered to be very reactive metals, tend to be continuous, adherent and may even
be self healing. For this reason these metals can be used unprotected in certain




atmospheres and they will provide a useful service life without additional protective
measurcs.

As has already been stated, corrosion is the reaction of a metal to the environment.
Obviously, therefore, both the metal and the environment are important factors in
determining the rate at which the metal will corrode. The mechanism of the
corrosion process is electrochemical. Essentially current (electrons) flows between
active areas on the metal's surface, known as "anodic sites" to other areas known
as "cathodic sites". This results in the formation of an electrochemical cell, which
in many ways can be compared to a simple torch battery. The battery has an external
zincouter casing which corrodesinternally (i.e. the active anode) releasing electrons.
The battery (or electrochemical cell) has a central carbon core which acts as the
cathode. The flow of electrons (electricity) is shown by lighting up a small torch bulb.

In the case of steel, the anodic areas may be breaks in the millscale (for example on
hot rolled steel), inclusions, discontinuities or possibly the effect of pollutants on the
oxide film of the metal. The electrochemical activity causes destruction of the metal
at the anodic site and is accompanied/balanced by another reaction at the cathodic
site. Electronsarising at the anodicsite as a result of the corrosion process are always
discharged at the cathodic site to maintain electrical neutrality. In atmospheric
corrosion the cathodic reaction usually involves the consumption of oxygen from the
air. The two reactions are typified below:

O, +2H,0O + 4e » 4OH~  (cathodic reaction)
Fe -> Fe? + 2e (anodic reaction)

It is, therefore, not unusual to find that the controlling factors in atmospheric
corrosion are the presence of a thin film of moisture on the metal's surface (e.g. effect
of high humidity), atmospheric pollutants (e.g. sulphur dioxide in industrial areas),
proximity to the ocean (e.g. wind-borne chlorides) and oxygen availability. Oxygen
is obviously abundantly available in the atmosphere, but its access to the cathodic
area may be limited by thin films (e.g. water, paints, oils, greases), by crevice effects
(e.g. design of structure) and by excess water (e.g. poor drainage from gutters, roofs
etc.). Bimetallic couples (e.g. brass fasteners on steel) will also promote corrosion;
one of the metals will act as an anode, the other will support the oxygen reduction
cathodic reaction.

The above examples serve to illustrate the electrochemical nature of atmospheric
corrosion and how the climatic factors of humidity, pollution, temperature, rainfall
ete., all play a role in providing, maintaining or removing the electrolyte which will
support the electrochemical cell formed on a metal's surface.




Chapter 2

2.1

2.2

THE NEED FOR ATMOSPHERIC EXPOSURE PROGRAMMES AND
THE RESULTS OF EARLY EXPOSURE PROGRAMMES

The Need to Carry Out Atimospheric Exposure Programmes

Many studies have been performed in order to measure and correlate ail the various
climatic factors with actual corrosion rates@?119 Complex formulae have been
developed to try and predict corrosion rates on the basis of meteorological data only.
Most of these formulae have so far proved to be very inaccurate and it was realized
thatif reasonable correlations were found, it was somewhat fortuitous because many
of the factors in the system were unaccounted for in the equations. Complete
predictability would have to be based on comprehensive climatic data, a complete
understanding of the total system involved and also the quantitative interrelation-
ship between many of the factors.

In counitries like South Africa, adequate climatic data is not available and we suffer
the additional misfortune that our climate often functions in a "feast or famine"
manner. Droughts of up to seven or eight years are not uncommon and this alone
makes simple equations difficult. Thus, long-term exposure programmes are essen-
tial to provide the information so necessary for users of materials in our various
climatic zones. Once this basic information is provided, shorter exposure periods
can be interpreted in times of drought or flood against the background of a
reasonably comprehensive long-term exposure programme, i.e. the yardstick is
provided. Newly developed alloys, new coating systems or alternative materials of
consiruction will always be tested against the yardstick of known performance.

Performance data, as provided by exposure programmes such as these described
here, serves as the datum level on which all future developments in the performance
of materials can be assessed. A measurable standard will have been set.

Results of Early Exposure Programmes

A reasonably comprehensive survey of early exposure programmes in Southern
Africa has been published®®. The earliesl reports are on the corrosiveness of the
South African coastal atmospheres®™'® however the first report providing quantita-
tive data on corrosion rates was that of Hudson and Stanners®. They reported results
on ingot iron, zinc and copper bearing steel, based on one year exposure periods
extending over twenty years at Congella, Durban as part of a2 world-wide exposure
program. A wide range of corrosion rates was reported (Table 1) and this was
atributed to differences in climatic conditions and the degree of atmospheric
pollution. Some specimens were exposed for five years and these indicated thal the
corrosion rate of the ingot iron decreased with time whereas the corrosion rate of




zinc remained constant. Copper-bearing steels (0,28% copper, 0,10% nickel, 0,20%
carbon and 0,58% manganese) exposed for one year showed a corrosion rate
approximately 0,7 times that of the ingot iron.

Godard™®, Godard and Ferguson® and Booth® carried out exposure testing on
the roof of the Addington Hospital building in Durban. This site is a flat roof
surrounded by a parapet wall, approximately 16 m above ground level and some
200 m from the sea. Metals were exposed at 30° to the horizontal, facing north (.e.
facing the sun's trajectory). The results of the exposure of sheet alloys are
summarized in Table 2 and those of the extrusion alloys in Table 3.

Of the sheet metal alloys exposed, AISI type 302 stainless steel proved to be the most
corrosion resistant alioy. It had developed a thin continuous rust film over twenty
years which, although unsightly, was quite superficial. A few mild steel specimens
were exposed for short periods (approximately two years), the corrosion rate varying
between 4,4 (112 wm) and 7,0 (178 um) mils/year. These results are similar to those
reported earlier by Hudson and Stanners®, The corrosion rate for copper, lead and
monei metal showed the anticipated falling corrosion rate with time. The corrosion
rate for zinc was comparatively high and tended to remain constant for the ten year
exposure period.

The corrosion rates for the aluminium sheet alloys decreased with time and after ten
and twenty years of exposure, the difference between alloys was negligible. The
pitting penetration rate for sheet alloys fell off rapidly with time so that the maximum
pit depths, even after twenty years, increased only marginally over those measured
after the initial two year period. Inthe case of the extrusion alloys the authors made
the following observations: For up to five years of exposure the corrosion pattern
was similar to that of the sheet alloys. However, at the ten year stage, blistering of
the 248-TB and 26S-TF angles was noted, In the second ten year period the attack
proceeded rapidly with the result that no "sound" metal remained in some areas of
the specimen. The exposure of anodized (10 pm thickness) 50S-TE alloy showed that
anodizing contributed considerably to this alloy's performance.

Doyle and Godard®?® assessed the corrosive nature of the East London, Port
Elizabeth and Durban atmospheres using the "wire-on-bolt" (sometimes called
CLIMAT) technique. In this technique, aluminium wire is wound onto steel, copper
and plastic bolts and exposed for a period of 90 days. Afier exposure the mass loss
of the aluminium wire is determined. Based on numerous CLIMAT exposures
throughout the world, Alcan of Canada have formulated their own corrosivity index
which provides a quick and inexpensive method of assessing the relative corrosivity
of a particular site. In the South African experiments, specimens were exposed for
90 days at varying distances from the sea. The results indicated that the East London
atmosphere was somewhat more aggressive than that of Port Elizabeth, At both
locations the corrosion index decreased rapidly within the first 800 m from the ocean
(by 85% in Port Elizabeth and 50% in East London) and appeared to level off at about
1,6 km inland. Similar tests in Durban showed an 80% decrease in the corrosion
index within the first 800 m inland. It should be noted, however, that although the
"wire-on-bolt" tests are useful as a quick method of assessing the corrosivity at a site
on 4n index basis, no actual corrosion rates are provided or implied.

Durban and Port Elizabeth showed another interesting characieristic in that, after
falling dramatically within the first 800 metres inland, the corrosion index began to
rise again with distance from the sea. This is attributed to the rise in the land and
prevailing salt laden winds off the sea.




2.3

Early National Exposure Programmes

The results reported above were based almost entirely on exposures in the Durban
area with the bulk of the information covering the aluminium alloys. The CSIR, with
the co-operation of several industries, initiated a series of national exposure
programmes to characterize the performance of metals in various areas of Southern
Africa. Initially, two four-year exposure programmes were undertaken; one of these
covered the exposure of metals and alloys®?® and the other covered metallic
coatings on a steel substrate®, The intention was to correlate the four year
corrosion rates with those of other programmes being carried out internationally,
thereby avoiding the necessity for long-term exposure programmes.

The four year programmes covered a range of metals, metal coatings and also a
number of sites throughout the country. The results are presented in Table 4. Whilst
these results were informative, a number of shortcomings were noted and it was
deemed necessary to initiate a long-term exposure programme - a twenty year
exposure programme - to provide the information required. Important shortcomings
noted in the initial four year programme included:

= Some sites were not considered representative of the areas they were intended
to characterize.

= Directional racks included in the first programme clearty showed that it was
advisable to face racks towards prevailing off-sea wind directions in coastal
areas. Racks facing the Equator, as advocated by the ASTM, are suitable for
organic based coatings.

» South Africa's varied climatic conditions, with wide extremes from year to year
(for example seven to eight year periods of drought are not uncommon), do not
lend themselves to short-term exposure programmes.

e Information on the effects of industrialization in the Highveld areas was lacking.

The new twenty year exposure programme (ook cognizance of these short-comings.







Chapter 3

3.1

DETAILS OF EXPOSURE SITES, METEOROLOGICAL AND
POLLUTION DATA FOR THE TWENTY YEAR EXPOSURE
PROGRAMME

General

As a result of the experience gained with the four year exposure programmes, the
twenly year exposure programme included various aspects aimed at meeting
requirements imposed by Soith African conditions:

Several siles were chosen as major sites and a full range of metal specimens
exposed at these sites. Selected metals were exposed at subsidiary sites which
were chosen to provide additional information relative to local conditions.

The choice of major sites was confirmed by exposing 90 day "wire-on-bolt"
corrosion monitors (CLIMAT units) to assess the corrosivity of the site and to
ensure that the sites were in fact a macro climate and not a micro climate due
to some as yel unknown factor. The CLIMAT units were developed by Alcan
International Research in Canada and are available from Huletts Aluminium in
South Africa. The CLIMAT test is used extensively overseas as a quick, easy and
inexpensive method of assessing the corrosivity of a location. However, as has
already been indicated in the previous chapter, although this technique is
extremely useful as a guide to the corrosiveness of a site, it cannot be used to
provide actual corrosion rates for various metals at that site.

The racks were designed to expose the metal plates at an inclination of 60° from
the horizontal and the racks placed Lo face the prevailing weather conditions.

Besides the above general information, several specific points of departure from the
early programme were implemented and cognizance should be taken of these
points in any comparison between the new and old programmes:

D

2)

3

The main site at Cape Town has been moved from Ysterplaat, some 10 km intand
from the city, to the Docks where the effects of sea and pollution are probably
more representative. Subsidiary sites were established elsewhere to "fill in" the
expected variations of the Cape Peninsula area.

The site at Walvis Bay was identical to the early programme, exceptthat the racks
were turned to face prevailing weather conditions and not North.

In the early four year programme, Mamelodi Township near Pretoria was
selected to provide information on the effects of atmospheric poltution in the
Highveld area. This was not successful hence the inclusion of the Pretoria-Iscor
and Sasolburg sites to provide information in this respect. The Highveld areas
represent the high plateau inland area of the country, some 1500 to 2 000 mabove
sea level with a summer rainfall and characterized by low relative humidity,
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3.2

particularly in the winter months, Besides being a large agricultural area, the
Highveld contains major urban areas, a concentration of South Africa's mining
industry and most of the countiry's industrial complexes. When the programme
was started, heavy pollution of the Eastern Transvaal Highveld was not a
problem. However today ESKOM produces some 60% of the African Continent's
electricity® and has indicated that some 80% of South Africa's electrical power
requirements are generated by coal-fired power stations in the Eastern Transvaal
Highveld region alone®,

4} Inthe earlier four year programme 1,6 mm plate was used for all specimens. This
led to assessment problems with steel plates in severely corrosive areas. For this
reason 6 mm sieel plates and 5 mm COR-TEN plates were used in the twenty year
programme. Greater accuracy was also achieved in mass determinations in the
new programme. As a result of these changes the reported corrosion rates
should therefore be more accurate. '

Details of Exposure Sites and Metals Exposed

A full range of metals were exposed at five major sites so as to provide
comprehensive data at a representative cross-section of South African climatic areas.
Six subsidiary sites were chosen to provide additional information in those cities/
areas where the major site required greater clarification because of local circum-
stances, for example aspects such as prevailing winds, fogs, specific pollution and
geomorphological features. Table 5 provides details of the test sites whilst Table 6
provides details of the metals and atloys exposed.

The specimens were exposed in five sets of three, and one set at a time wasremoved
after two, five, ten, fifteen and twenty years of exposure. The specimen size was 205
x 125 mm (8x 5 in), and all specimens were 1,6 mm thick (16 gauge) except mild steel
(6 mm) and COR-TEN steel (5 mm). Specimens were cleaned before and after
exposure using normal ASTM procedures. Mild steel specimens were weighed
accurately to 0,1 g; COR-TEN and zinc to 0,01 g; and the copper, aluminium and
stainiess steels to 0,0001 g. The twenty year programme began in 1970. The results
from the two, five and ten years of exposure have already been published(63030,

Meteorological and Pollution Data

The meteorological and pollution data for the sites are presented in Tables 7-13. The
meteorological data for the particular area is generally based on the longest period
of collection, collated by the South African Weather Bureau®?. Air pollution data has
been extracted from several reports®2 and collated to coincide with the twenty year
period of the exposure programme. These results are presented together with the
monthly average rainfall and the temperature and relative humidity at three periods
of the day (08h00, 14h00, 20h00) again on a monthly basis.

In areas other than Cape Town, the long-term SO, pollution trend for the winter
months is also presented and indications given as to whether the pollution level is
increasing, decreasing, or relatively unchanged over the years. The reason for
presenting winter SO, pollution levels is because of the increased pollution in winter
months coupled with the lack of rain to wash down or dilute settled pollutants. The
hygroscopic nature of the pollutants will obviously also play a role in increasing
corrosion. On the other hand, as Cape Town is a winter rainfall area, the summer
pollution data becomes more relevant for corrosion, thus the summer trend is
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presented for this site. Pollution data has in general been extracted from those
pollution monitoring sites closest to the atmospheric corrosion site. As the meteo-
rological data is relevant to an area, the closest monitoring site was again chosen,
however in most instances this was usually at the local airport.

interpretation of Meteorological and Poliution Data

All too often the presentation of meteorological data has little meaning to a person
trying to assess whether a site will be corrosive or, equally important for painting
contracts, whether conditions are suitable for surface preparation and coating.
Tables 7 to 13 will help to understand the climatic factors if approached in the
following manner.

1) The rainfall and temperature distribution throughout the year is important in
that, for example:

e Low rainfall in winter with low temperature, particularly overnight, will
indicate heavy dew and wetting of surfaces (e.g Transvaal). Very low
temperatures will freeze water and it is then not available as an electrolyte.

e Minimum summer rainfall, relatively high temperatures and strong winds off
the sea indicates that strong directional corrosion effects can be anticipated
(e.g. the summer South Easter winds in the Cape).

» Washingeffects of rain when associated with wind suggest that corrosion will
not be as severe or as directional (e.g. North Westerly winds in the Cape
winter),

» Rain throughout the year (e.g. Port Elizabeth) may have a moderating effect
on corrosion despite winds.

2) As has been described in Chapter 1, relative humidity plays an important role
in corrosion processes. It was also indicated that a critical relative humidity (RH)
at which corrosion becomes more significant exists at 70% RH for steel. To make
interpretation of relative humidity meaningful in terms of time of day and time
of year, humidity isograms are presented in Figures 2-64%.

In these graphs, points of equal relative humidity are connected and this
provides a quick way of assessing the effect of changing relative humidity
throughout the day over a year. Where the relative humidity exceeds the 70%
critical relative humidity, this area has been accentuated by shading.

Impertant points to note are:

e Figure 2, although specific for Jan Smuts Airport, is typical of most of the
Highveld areas as represented by the Pretoria and Sasolburg exposure sites.
At a glance it can be seen that the relative humidity is low throughout the
daylight hours, and only exceeds 70% for the summer evenings. Obviously
high atmospheric pollution coupled with lengthy "time of wetness" periods
are required for very serious corrosion. Fortuitously the winter months, also
the time of high atmospheric pollution, are also essentially periods of low
relative humidity throughout the day.

= Figure 3 represents conditions at Cape Town. The pattern is very different
to the inland Highveld areas. The relative humidity exceeds 70% during the

11
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4)

5)

nightsthroughoul the yearand the effect of winter rainfall is also accentuated.
Fortunately the Cape has relatively dry summer daylight hours to dry the
metal's surface and in winter the metal will be washed by rain. However, as
indicated earlier, the prevailing South Easterly wind of the summer months
coupled with proximity to the sea, must be included in assessing this climatic
zone.

s Figure 4 providesan insight into the Port Elizabeth environment. The rainfall
distribution throughout the year is reflected and, as with Cape Town, the
daylight hours would tend to dry a metal's surface. Again wind and rain
coupled with proximity to the sea should be included in assessment of this
area.

e Tigure 5 is of East London and represents the area between Port Elizabeth
and Durban. Immediately visible is the increasing role of relative humidity.
If this is then coupled with increasing temperatures, wind and rain patterns
(rain throughout the year but tending towards summer rainfall), then East
London can be anticipated to be relatively corrosive. Although corrosion
rates have not been measured for East London, observations tend to confirm
the corrosivity of the area.

¢ Figure 6 clearly illustrates the extremely high relative humidity for the
Durban area throughout the year. Again if this is coupled to winds,
proximity to the sea and increased temperatures, then Durban can be
expected to be highly corrosive. The Durban corrosion experience confirms
these observations!

The information on poliution obviously cannot be interpreted on its own, but
must also be related back to the rainfall, temperature and relative humidity
patterns described above. Atmospheric pollution in all of the coastal areas can
only contribute significantly to corrosion, Prediction in the Highveld is difficult
as the "time-of-wetness" is all important. If our Highveld areas had, in general,
a higher relative humidity, then corrosion would become more significant. Micro
climates where extremely high humidity is created at a particularlocal area, could
creale severe local corrosion.

However, if pollution is allowed to increase significantly, the hygroscopic nature
ofthe pollutants could change the pattern of corrosion. The winter trends for SO,
inourcities, as provided in Tables 7 to 13, suggests that in most instances the cities
are beginning to get tighter control on peollution.

The heavy surf action along our coast line, coupled with onshore winds, results

in wind-borne sea salts (chlorides) being carried inland. This must be taken into
account in assessing areas close 1o the coast. Wind-borne chloride is not
pollution, but nevertheless a factor of importance to the performance of metals,
coatings and concrete structures.

The relative humidity should not be the sole criterion when considering whether
meteorological conditions are suitable for paint application. The steel tempera-
ture should be at least 2 °C above the dew-point temperature, especially when
coatings are waler sensitive,




Chapter 4

4.1

4.2

RESULTS OF TWENTY YEAR NATIONAL EXPOSURE
PROGRAMME

General

In this chapter we present the corrosion rates of metals and alloys after twenty years
of exposure as well as the more recent results (up to ten years) for the new additions
to the programme. In addition, those results arising from the incorporation of new
exposure sites such as Port Elizabeth, Gobabeb (Namib Desert) and Strandfontein on
the False Bay coast of the South Western Cape, are also detailed.

Shorter term results are also presented from those sites where exposure programmes
were initiated but where the sites were abandoned due to problems of security or
inadvertent damage (Pretoria-Iscor and Simonstown sites).

Three new sites have recently been established in the Eastern Transvaal Highveld
areato assess the effects of pollution arising from power generation and the synthetic
fuel plant at Secunda. Unfortunately it is too early to present any results from these
sites. The funding for these three sites has been provided by the Department of
Health.

The results from all the previous exposure programmes were presented as tabulated
corrosion rates. Our five and ten year results included graphs showing trends with
time for the various sites. In this publication, colour photographs are included as it
is considered important to present the appearance of metals, alloys, patinasand other
distinctive characteristics arising from twenty years of testing.

Corrosion Rates After Twenty Years of Exposure

The corrosion rates after two, five, ten, fifteen and twenty years of exposure at the
major sites are presented in Table 14, Also included in this Table are the subsidiary
sites of Port Elizabeth and Gobabeb, where the results after one, five and ten years
of exposure are presented, whilst the results afier two years are presented for
Simonstown and Strandfontein in the South Western Cape and the two and five year
results for the Pretoria-Iscor industrial site.

Table 15 provides the results afler ten years of exposure for the 3CR12 alloy incorpo-
rated into the programme at a later stage in both the pickled and the hot rolled
condition. Mild steel and COR-TEN A steel were re-exposed to provide correlation
between the older and newer exposure programmes and also 1o establish the role
played by the presence of mill scale. The results of the pickled 3CR12 alloy have also
been shown in Table 14 for comparative purposes. It should be noted, however, that
3CR12 is a corrosion resistant steet containing 12% chromium and not a true stainless
steel; its tabulation under the stainless steels is purely for comparative purposes.
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4.3
4.3.1

4.3.2

Discussion of Results and Conciusions
General observations

The general trends noted earlier in the programme have continued through to the
twenty year stage. For example, the corrosion rate has generally decreased with
increasing time due to the formation of protective oxide films. This feature was
noted with minor exceptions. In the literature on atmospheric corrosion, it has
always been reported that the zinc corrosion rate tends to remain steady with time.
This trend appears to be confirmed at most of our sites, the exception being Durban

Bluff where the rate has decreased with time, but nevertheless remains very
high.

Figure 7 provides a histogram depicting the average corrosion penetration (in
microns) after twenty years exposure for seven different metals at the various sites.
This allows a comparison of how the metals performed relative 1o each other and
also allows site comparisons. Care must be exercised in using this histogram as
penetration data is presented on a log scale to enable complete capture of data on
a presentable graph. If mild steel is used to assess these results, it is obvious that the
Bluff is by far the most corrosive site, followed by Walvis Bay and then the Durban
Bay Head site. The other coastal sites of Cape Town, Strandfontein (Cape),
Simonstown and Port Elizabeth are of a similar order of corrosivity. The corrosivity
of the inland polluted Pretoria-Iscor and Sasolburg sites were similar to the coastal
sites. In assessing these sites, cognizance must be taken of the fact that the length of
exposure al some sites, e.g. Strandfontein, Simonstown, Port Elizabeth and Pretoria-
Iscor is less than the twenty years achieved at other sites and therefore the corrosion
rale should fall off with time.. In some of the figures these results have been
extrapolatedtotwenty years. For example, in Figure 7 the Port Elizabeth, Simonstown
and Strandfontein results have been extrapolated through to twenty years 1o allow
comparison with the other sites. Obviously such extrapolations should be treated
with caution. Ancther general feature to be noted when comparing sites is that if
another metal, for example zinc, is chosen as the assessment criteria in terms of site
aggressivity, the ranking would change.

Mild steel

Figures 8 and 9 show the performance of mild steel at the various sites after twenty
years of exposure,

From Figure 8 it can be seen that the Biuff is obviously a severely corrosive marine
environment in terms of mild steel exposure, the average corrosion rate being of the
order of 220 microns/year. Despite using 6 mm thick steel plate, corrosion advanced
so rapidly that complete penetration of the plate had occurred after ten years. Walvis
Bay is also extremely corrosive to mild steel. To place the other coastal sites and the
less corrosive areas in perspective, Figure 9 presents the less severe sites, using a
differentscale forthe corrosion penetration. By comparing these twofiguresand also
considering the Humidity Isograms of Figures 2 (o 6, the following conclusions are
considered applicable.

Coastal areas which are subject to high relative humidity, reasonably high tempera-
tures and also subject to wind-borne salt (up to 10 km inland), must be considered
as a severely corrosive marine environment and all corrosion protective measures
chosen accordingly. The Natal north and south coasts, extending down the coast to
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East London, probably fall into this category. The west coasts of South Africa and
Namibia which are subject to the early morning mists and salt, as represented by the
Walvis Bay exposure, must also be considered as a severely corrosive marine
environment. This belt probably extends south of Port Nolloth, at which stage the
climatic conditions tend towards those of the South Western Cape. Considering the
rest of the coastal arez, as we move out of the high humidity/temperature of the
eastern coast, and out of the mist belt of the west coast, conditions become typified
by the corrosion rates shown by the coastal sites of Cape Town, Simonstown,
Strandfontein and Port Elizabeth. These could be assessed as an aggressive marine
climate in terms of corrosivity.

Based on the above observations, coastal areas, with their attendant corrosion risk,
can be defined as those areas between the coast line and an imaginary line some 30
km inland, or up to the top of the escarpment or the watershed of the first mountain
range inland. The first 5 km inland must be treated as particularly severe, butthis can
extend up to 10 km. This demarcation line has been chosen based on observations
at our coastal cities, coupled to the corrosion rates reported here. Cur South African
beaches and shorelines are often areas of intensive wave action and if coupled to the
onshore winds and relatively low rainfall (as compared to Europe and the USA), the
corrosive zone extends further inland than on most other continents. Wire on bolt
measurements conducted by Huletts Aluminium Limited on corrosivity as a function
of distance from the sea, have confirmed this observation®?,

Proceeding inland, the dry Highveld areas of South Africa characterized by low
humidity and the absence of chlorides from the sea, are areas of low corrosion, as
typified by the CSIR site in Pretoria and the Gobabeb site in the Namib desert. These
areas are classified as rural or desert or semi-desert depending on climate and
observations on corrosion. However, as shown by the Pretoria-Iscor and Sasclburg
results, where industrial pollution is high, the corrosion rate for steel canrise to levels
not dissimilar to our coastal areas. 'This area has been classified as inland industrial.
The climatic conditions and pollution levels present in the Eastern Transvaal
Highveld would fall into this category of corrosion and the Sasolburg resulits are
probably applicable. Three new sites have been established in the Eastern Transvaal
to confirm this prediction. Some areas at coastal cities e.g. Cape Town and Durban,
combine marine and industrial conditions. These are classified as marine
industrial.

Where mild steel was re-exposed at the various sites (see Table 15), the corrosion
rates after ten years were of the same order as previously noted. The presence of mill
scale on mild steel was found to have no significant effect on the corrosion rate of the
mild steel. The effects of the long drought of approximately eight years could be
noticed at some of the sites, particularly at the Walvis Bay site (where the mists were
less frequent) and the unpolluted CSIR site. The effect of chloride at coastal sites or
industrial poltution tended to mask the effects of the drought.

The observations, based on the corrosion rates of mild steel, have been used to draw
up a schematic atmospheric corrosion map depicting the areas described above
(Figure 16).

COR-TEN steel

The results of the exposure of COR-TEN steel are summarized in Figure 10. With
some exceptions, the effect of alloying steel with smali additions of copper and
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chromium produced a significant drop in the corrosion rate when compared {o mild
steel. However, this was not consistent or predictable as shown in Tables 14 and 15.
In the criginal programme (Table 14) corrosion rates for COR-TEN in Cape Town,
were significantly lower than that of mild steel. When re-exposed the COR-TEN
corroded at the same rate as mild steel. Other points noted were:

e The Walvis Bay site is more aggressive to COR-TEN than the Bluff i.e. the site
ranking changes as compared to mild steel.

e At Walvis Bay the corrosion products on the steel and on COR-TEN adhered to
the specimens, even after twenty years of exposure. This created a thick slab of
rust which acted as a poultice (see Plate 2). This rust retention probably explains
why the COR-TEN corrosionrate was higherthan that of steel in the first ten years.
After fifteen years of exposure, the COR-TEN corrosion rate had fallen to almost
that of mild steel.

e Although in many instances the corrosion rate of COR-TEN was lower than that
of mild steel, it was nevertheless high. For example, although the corrosion rate
at the Bluff was significantly less than that of mild steel, the corrosion rate was
still equivalent to that of mild stee! at Walvis Bay - a level of corrosion that would
be totally unacceptable.

= Ingeneral, the corrosion rate of COR-TEN steel at coastal sites was unacceptably
high.

= The appearance of the corroded COR-TEN specimens varied significantly from
site to site, both in terms of colour and texture (see Plate 2)

¢ Pickled COR-TEN performed well at the inland sites (Table 14) but did not
perform as well when exposed in the hot-rolled condition. However, part of the
mass loss determination will include removal of the scale, thus these results must
be interpreted with care.

Linge

The performance of zinc at the various sites is shown in Figure 11. Walvis Bay is
interesting in that zinc is particularly prone to corrosion in this environment. The
zinc corrosion products remain tightly adherent to the specimen resulting in a
poultice like product which corrodes right through the plate (see Plate 3). After five
years the plates were holed. The average corrosion rate ror zinc at the five year stage
was 82 microns/year whilst that for steel was 107 microns/year. Whereas the
corrosion rate for zinc tends to remain reasonably constant with time, the rate for mild
steel will fall with time, The corrosionrate formild steel atthe ten year stage had fallen
to 84 microns/year, i.e. roughly equivalent to that of zinc.

By contrast, the corrosion rate of zinc atthe Bluff at the ten year stage was 1/20th that
of mild steel, but was nevertheless unacceptably high at this site. The zinc corrosion
rate at the Strandfontein site was also reasonably high at this early stage (two years),
possibly a reflection of pollution from the nearby sewage site. However, the
proximity to the False Bay coast (¢ 300 m) and the prevailing South Easterly wind are
the most likely cause of the corrosion.

As zinc is commonly used as a galvanized coating on steel, it is important to assess
the zinc corrosion rate as a function of its coating thickness as applied to steel
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substrates. SABS 934 "Specification for hot-dip {galvanized) zinc coatings on steel
sheet and strip" calls for a coating thickness of 275 g/m? for sheet as is used in most
roofing applications (designated Z275). The average coating thickness for the Z275
grade would be approximately 19 microns but could be as low as 13 microns in
places. Qver the first two years the corrosion rate for the Bluff is 14,5 microns/year,
thus roof sheeting of this grade (i.e. a coating thickness of 13 to 19 microns), could
be expected to show red rust from the underlying steel within one year. Milder
coastal conditions would indicate that approximately five year's life could be
expected before red rust spots would be noted. Under these circumstances it would
be advisable to have all galvanized steel sheet painted at the time of erection in coastal
areas as this would increase the service life significantly. The use of metallic zinc
protection systems in Walvis Bay is clearly not advisable.

The expected performance of galvanized steel sheeting is also depicted in the
atmospheric corrosion map of Figure 16.

Copper

The graph illustrating the corrosion pattern for copper is shown in Figure 12. Copper
is very interesting in that in Walvis Bay the corrosion rate tends to remain at a
relatively constant rate throughout the twenty year period. This happens despite
forming a very attractive patina which, however, is not fully protective. Copper at
Pretoria-Iscor also showed a high corrosion rate initially, as it did at the new
Strandfontein site. Strandfontein may have been partially affected due to proximity
to the sewage works, although prevailing winds should have minimized this effect.
However, copper plates were exposed for short periods of time at these two sites,
thus extrapolation to provide long-term information must be treated with care.

The corrosion rate falls off with time at the other sites; the coastal sites of Port
Elizabeth, Cape Town and Simonstown all are of the same order of corrosion. After
twenty years of exposure, the corrosion rate for copper at the Sasolburg site had fallen
to the same values as for the coastal sites, after starting off relatively high. The
Sasolburg specimens had all developed an attractive protective patina. As indicated
in a previousreport®?, theft of the copper specimens at the Blufflimited results to the
early stages of the programme. Indications nevertheless are that although the cor-
rosion rate started off high, it would have falien off with time or remained constant.

Aluminium alloys

The results of the 38, M57S, 50S and BS1S alloys (now designated as AA3103,
AAS251, AAGDG3 and AAGOB2 respectively) are shown in Figure 13, where again it
should be noted that the corrosion penetration is shown on a log scale. The D655
alloy (AAG261) has not been graphed as it was only exposed at selected sites. The
severity of the Bluff site is clearly illustrated and with minor exceptions (notably 3S),
the Bay Head site in Durban is the next most severe, followed by Cape Town and
then Walvis Bay. An examination of equivalent two year results for Simonstown,
Strandfontein, Cape Town and Port Elizabeth suggests that these sites are also
reasonably aggressive.

The phenomena noted at the four main sites (Bluff, Bay Head, Walvis Bay and Cape
Town docks) at the ten year stage on an alloy's performance with time, appears to
have been sustained. That is, at most sites, the 35 (AA3103) alloy showed the least
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mass loss at the five year stage. Attheten yearstage, a different pattern emerged. The
M57S (AAS5251) alloy tended to show the least attack, very often followed by the 508
(AAG063) alloy. This trend for M57S performing well at the coastal sites has followed
through to the twenty year stage.

In appearance the aluminium alloys show their characteristic tendency towards
pitting, but with time this tendency has diminished and this is reflected in the
decreasing corrosion rate with increased time. Other than at the CSIR where the
plates still had a metallic mirror-like finish, the coastal and polluted sites had
developed a grey/white patina.

Stainless sieels and 3CR12 alloy

The twenty year results for the three stainless steels (AISI types 430, 304 and 316) are
shown in Figure 14. Also shown are the pickled 3CR12 results, extrapolated from
the ten year results. Again take note of the log scale used to present results.

As expected the 316 alloy performed the best at all sites, followed by the 304 and
then the 430 alloy. In terms of site aggressivity to stainless steels, the Bluff site was
the most aggressive overall site, but there was no clear pattern otherwise; the Cape
Town site was more aggressive to the lower chrome steels, like the 430 and the
3CR12. On removal from the racks it was clearly evident that all the stainless steels
were badly stained at the aggressive sites after twenty years of exposure. Thismarred
their appearance and if aesthetic aspects are important (for example on shop fronts)
then regular cleaning would be required to maintain appearance.

As was to be expected, the trend in corrosion rates amongst the stainiess steels
followed the alloying content of the steels. This is clearly illustrated in Figure 14,
especially when comparing the more aggressive sites like the Bluff and Walvis Bay.
The 316 alloy (18Cr/10Ni/3Mo) performed better than the 304 alloy (18Cr/10ND)
which performed better than the 430 alloy (17%Cr) which again was better than the
ACR12 (12%Cr).

The ten year results for pickled 3CR12 are shown in Figure 15. It is important to
put this new alloy into perspective by comparing its performance with other metals
(Figure 7), against the stainless steels (Figure 14), and the relative performance of the
metal on its own (Figure 15). If we examine these figures it can be seen that although
it is not considered to be a stainless steel, its performance is better than that for 3S
aluminium at all sites, except at the very severe Bluff and Walvis Bay sites where the
difference is marginal. This suggests that the alloy could perform very satisfactorily
as an uncoated rust resistant structural steel at these sites. Although not reported
here, where thisalloy has been protected by paint coatings, ithas provided excellent
results right through to the ten year stage, especially when compared to industrial
coatings apptied to steel substrates,

The results of the 3CR12 alloy exposed in the hot-rolled condition are also interesting.
The corrosion rate was relatively high compared to the pickled version of the alloy,
but fell significantly with time. At sites like Durban Bluff, the increased corrosion
tendency noted as a result of the scale in the first five years of exposure, appeared to
become less significant, i.e. once the scale has spalled off, its effect disappeared and
the corrosion rate diminished significantly. However, pitting of the substrate beneath
the hot-rolled scale was noted at the severely corrosive sites. Thus, pitting must be
borne in mind when this alioy is exposed in the hot-rolled condition.
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Although pitting of pickled 3CR12 was evident, this pitting did not occur over the
entire area of the panels butrather in isolated areas. The pitting in these isolated areas
was nevertheless less severe than what was observed on the surface of the hot-rolled
panels.

Pitting of the three stainless steel alloys which were exposed was aiso detected at the
more aggressive sites. Although a detailed evaluation of the pitting characteristics of
these chromium containing alloys was not carried out for this publication, a study in
this regard is being done by the CSIR and will be published at a later date.

Overall Observations on the Twenty Year Exposure Programme
and Requirements for the Continuous Updating of Performance
Bata

When the results of exposure programmes are collated there is a tendency 1o rank
exposed metals in terms of increasing corrosion resistance or alternatively to rank
corrosion sites in terms of aggressivity. Such rankings should be treated with a
reasonable degree of caution.

Theranking of metals and alloys may vary from site to site because specific conditions
at a locality may influence a particular metal and hence affect the ranking order. For
example, the number of days of fog per year, the abrasive quality of particular winds
coming off the desert and sand blasting of metals/coatings and the putrification of fish
products releasing hydrogen sulphide (H,5), all make Walvis Bay particularly ag-
gressive to copper based alloys, zinc metal (or galvanizing) and, 1o some extent, mild
steel or paint coated mild sieel. Aluminium and stainless steel have performed well
in Walvis Bay. However, we have examined low-sloped aluminium roofs and gutters
in Walvis Bay and found settled sand on the roof or in gutters and this has become
moist as a result of the morning fogs. Chloride has leached from the sand and,
together with the poultice effect of the settled sand, this has resulted in severe pitting
and penetration of the aluminium in a short period of time. Thus, generalizing or
ranking of metals must be treated with care as it could lead to serious problems if the
design is incorrect or if the nature of the metal's behaviour is not fully understood.

What is important about this programme of atrospheric exposure testing is that a
range of metals and alloyshave been exposed at selected sites. These sites have been
chosen so as to provide a reasonable cross-section of expecied environmental
conditions and expected pollution levels for Southern Africa. Based on these sites
with their particular environmental conditions and by studying the performance of
the metals/alloysatthese sites, the engineer, architect or end user will be in a far better
position to select a material for a particular use. By having the known performance
of the metal and a pictoriai representation of its appearance with time, this will go a
long way towards achieving the most cost effective yet aesthetically pleasing end
result, having taken cognizance of possible design problems.

The provision of climatic and pollution data will also assist contractors, applicators
and specifiers of corrosion control measures, with the necessary information to
assess the problems they are likely to encounter in the field and which could affect
the proposed protective system. For example, the data on rainfall, pollution and
relative humidity could be crucial to a coating applicator in determining the likely
"window" he will have at various stages of the year for carrying out abrasive blasting
and applying certain coatings that are particularly sensitive to, for example, atmo-
spheric moisture or surface weiness.
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If this publication has provided the reader with a degree of understanding of the
corrosion process and if the corrosion rate results and the appearance of metals after
exposure are then used to choose and use metals more cost effectively, then this
publication will have been worthwhile. Above all, the need tolook at a construction
project in a holistic manner cannot be over-emphasized. Itis extremely important to
consider corrosion control measures at the design stage of a project as this could
influence certain aspects of the design. If approached as an after-thought once the
project is completed, it is difficult to provide the most cost effective corrosion control
measures and often subsequent maintenance and repair costs may exceed the initial
cost of the entire project.

Continuous updating of exposure programmes is necessary so as to include the
performance of new materials and coating systems, using the yardstick performance
of known materials to ensure that we are indeed moving forward. Environments
also change with time and this necessitates continuous updating with reference
materials to ensure that we understand what variables are changing which may
affect the use of existing corrosion preventive measures.




Chapter 5

5.2

THE APPEARANCE OF METALS AFTER EXPOSURE
General

In the building and construction industries metals are used for a number of reasons.
These reasons vary from mechanical properties, ease of fabrication in terms of
welding, cutting and formability, to their intrinsic appearance. Mild steel is seldom
used in the uncoated condition because of its susceptibility to atmospheric corrosion
andsteel corrosion products are often unsightly and tend to discolour other materials
in close proximity. Under certain circumstances, if aesthetic properties are unimportant
and provided adequate metal thickness is used initially, it may prove cost effective
to use uncoated steel. Other metals, notably the stainless steels and aluminium are
used because of their corrosion resistance and their appearance. Copper, and to
some extent COR-TEN steel, are used because of the atiractive yet often protective
corrosion products. Architects will often specify a particular material with a particular
colour and/or texture in mind, based on glossy sales literature, However, in real life
the appearance of a metal can vary considerably from site to site and its appearance
may also change with extended exposure periods to varying climatic conditions.
Maintenance or cleaning are also important to specific metals and their coatings if
undesirable features are to be avoided.

In the present programme the metal plates were exposed to the elements and never
cleaned or touched up in any way. Obviously rain would have washed away some
of the setted dust and pollutants, but in general the specimens were allowed (o
weather in order to allow a comparison between metals at a site and to allow
comparison of a metal at different sites. This was informative in that many of the
metals chosen because of their actual appearance afier exposure bore very little
resembtance 1o that depicted in brochures.

The following Plates have been produced to enable designers, architects, engineers
and end usersto have a fairly good idea of the likely appearance of any structure they
are contemplating,

Each Plate shows the appearance of a particular metal at the various sites around the
country. Where possible the photograph of the metal at the twenty year stage is
shown. However, in some instances a shorter period of exposure of the metal has
been shown. The reason for this may be that it is a recent site, or the metal has
corroded away extensively, or alternatively, that later samples are not available due
lo the plate having been stolen. Not all metal types were exposed at the subsidiary
sites, thus these are indicated as "not exposed”.

Comments on Plates

Plate 1 -mild steel: The appearance of mild steel atthe various sites is shown. Several
points are worth noting:
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e The 6 mm mild steel plate has been completely penetrated at the severe Bluff site
after ten years. The metal was re-exposed as a 3 mm plate and this is depicted
in Plate 1 after five years exposure,

» Corrosion products on mild steel at Walvis Bay tended to remain intact on the
specimen, creating a thick slab of rust. At most other sites, the rust tends to flake
off.

= The corrosion rate of mild steel in the inland unpolluted areas is low enough for
it to be left uncoated, provided this is aesthetically acceptable and that adequate
metal thickness is provided.

Plate 2 - COR-TEN: The appearance of COR-TEN steel is illustrated in this Plate. In
appearance it is almost identical to conventional steel and not the plum colour so
often depicted in brochures. At Walvis Bay it developed the identical "thick slab of
rust" appearance achieved by mild steel and its corrosion rate may even exceed that
of steel. In coastal sites its behaviour is unpredictable in terms of both corrosion rate
and appearance. Pickled COR-TEN performed well in the inland areas and rapidly
stabilized on the upper surface. The lower surface that remained wet for longer
periods still retained loose friable rust particles.

Plate 3 - zinc: Zinc behaves and looks very poor in Walvis Bay. The corrosion
products stick to the metal forming almost a poultice as shown in the Plate. The Cape
Town specimen had been removed by unknown persons, but in appearance was
similar to the Bay Head site. Although the corrosion rate did increase with time atthe
Bluff, the appearance of the metal was very rough and unattractive. Zinc at the
Strandfontein site showed heavy white rusting after only two years exposure. Zinc
or galvanized steel coatings are not recommended for the Walvis Bay area.

Plate 4 - copper: The well known green patina of copper is not readily developed at
all sites. It was well developed at Walvis Bay and at Sasol after the twenty year
exposure period and also developed within two years on the Strandfontein site on
False Bay. However, the pollution at the Bay Head and Cape Town sites resulted in
a brown colour and this was also noted after ten years at Port Elizabeth. The inland
rural CSIR site developed a deep brown coloration, lightened by dust.

Plates 5 and 6 - aluminium. The alloys 35S and M57S are shown (the 50S and B515
were almostidentical in appearance to the above two alloys, and thus are not shown).
Atall coastal sites the aluminium developedlight pitting which ultimately covered the
face of the specimen, giving it an off-white cement-like colour, almost like a patina.
Aluminium performed very well at Walvis Bay, unlike the zinc products. Aluminium
retained its bright metallicappearance at the CSIR site. Regular cleaning of specimens
would have retained the metal's appearance.

Plates 7, 8 and 9 - stainless steel: Whilst the stainless steels maintained their bright
metallic appearance at the CSIR, staining was noted at all coastal sites. Pitting was not
serious despite the staining. Staining became progressively worse from the higher
316 alloy through to the 430 alloy. The degree of staining was also a function of site
aggressivity. Regular washing of specimens would have maintained the metal's
bright appearance.

Plates 10 and 11 - 3CR12 steel: The pickled 3CR12 alloy showed more staining than
the 430 stainless steel. As the 3CR12 alloy contains 12% chromium as compared to
the 17% of the 430, this increased staining was to be expected. In the milder inland
site the pickled specimens maintained the glossy metallic finish and the hot-rolled
specimen showed little corrosion. Except for the extremely aggressive Bluff and




Walvis Bay sites, the metal would lend itself to use as an uncoated alloy retaining a
fairly reasonable appearance. The pitting that might have been expected of the metal
exposed with hot-rolled mill scale present (due to the development of local corrosion
cellsat breaks inthe scale) did not materialize generally. Only atthe very severe Bluff
and Walvis Bay sites did relatively severe pitting occur — the average pit depth on a
plate being of the order of 400 microns after ten years. The pitting which occurred on
pickled 3CR12 plates was restricted to isolated areas on the plates with the severity
of pitting in these areas being less than what was detected on the hot-rolled plates.
In these areas the average pit depth after ten years was of the order of 250 microns.
The pit depth must be viewed in terms of the overall plate thickness when
considering structural integrity. Where used as thin roofing sheets, for example, the
possibility of pitting should receive particular attention.

Plate 12 - anodized aluminium: Anodized aluminium exposed at the CSIR, Durban
Bluff and Walvis Bay is shown with increasing anodizing thickness (5, 15, 20 and 25
microns thickness). No pitting problems were noted at the CSIR site, but after twenty
years, extensive pitting had become prominent on all anodizing thicknesses below
25 microns at the Bluff, Pitting was beginning to initiate on the edges of the 25 micron
thickness specimen atthe Bluff. Anodizing performed well at Walvis Bay, despitethe
site's severity. Regular washing of the anodized aluminium would have made a great
difference in the metal's performance at the aggressive sites.

Plate 13 - aluminium metal spray over steel: Plate 13 shows the appearance of
aluminium metal spray (100 to 125 microns thick) thermally applied to steel using an
oxyacetylene spray gun. The coating was not sealed. After twenty-five years of
exposure the metal is still fully protected. Other metal and organic coatings have long
since failed!
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TABLE 1

Corrosion rates at Congella, Durban
After Hudson and Stanners™?

Corrosion rate (mils/yr®)
. Copper? .
Years Ingot iron steel Zinc
exposed
Max Min Avg Avg Max Min Avg
1* 10,4 2,5 4,5 - 0,60 0,12 0,19
1° - - 4.8 32 - - 0,23
1< - - 3,0 - - - 0,18

17 specimens of ingot iron and zinc exposed for one year periods over a period of 17 years

"One year exposures averaged for the same years as the five year tests reported in ¢

Five year tests

Copper steel 0,28%Cu and 0,10%Ni

“To convert mils/year 1o pmvyear multiply by 25,4




"I §OQ UBY1 53] {[V4
‘apis Jod 1afe| Burppep ww 600,

€00 €00 <00 <00 €1 [9918 1S Z0%
AN A £o'1 06°1 ¢l : [PUOI
- F1'T ¢s'l 90°C 30 Taddon
- - 68'e AN 8'1 pEaT
= 1Z'¢ L'y C6'y ¢'T QU7
- L1'0 600 600 - 8L°0 80 LGD 91 Supped §z/2 PEPIV AL SSLIW
800 9 a q 160 6L0 %0'1 0yl 91 SuIppED STL =PRIV AL S5
800 q q q €90 9.'0 18'0 721 8'1 BuIppeD $'66 =PERIV d.L-SH2
- 120 $C0 0Z°0 - 6L0 ¥2'0 AR ¢r SWNC-Iv W-SH¢d
- €Z'0 €Z'0 91°0 - 6L'0 6L 680 91 SNS'EIY W-S¥$D
- LE'0 91'0 810 - 640 18°0 L6°0 91 SNZ'Z IV OH-SLSIN
0zZ'0 91°0 ¥2'0 60 €S0 190 180 980 0'r BNZ'Z IV OH-SLS
- LT°0 12'0 91°D - ¥8°0 #6'0 raAl ¢'r 1S-8IN-IV 41-8164
¥1°0 010 £0°0 60°0 180 680 A Z8'1 91 1S-8W-TV J1-559
12°0 610 010 rAN0 9.0 €L'0 160 A 9'1 UN-TV yH-S¢
¢1'o 61'0 %20 L1 €9'0 ¥9'0 L6'0 A o't IV %Z'66 OH-SZ

SIBD X SIED A SIBD X SIED X S X SIED A SIED A SIEa ) (wur) [EloW
0z ot o z 0z 01 S Z SSIUNDIY], 3dfs donv 10 Aoj[e uBd[Y

pouad amsodxyg pouad amsodxyg
cwun yidop ud WnWxen (1A/wr) 2181 UOISOLIOD)

@ UOSNBIdY PUE PIEPOo JOYVY
veqing ‘fendsof voiBuIppy ‘sAof[e 1224S Jo sy1dap 1nd WnwixXew pue S3jes UoISCLI0D

FACHH A

25




unu ¢ uey) Is1esd8 51 uohensuad USYA SIBINDDEUL SN S95S0| SSEW ‘SUBLUR] [B12W PUNOS OU 1811 1U21x2 21 01 PRIEojXe saidilies uo seaiv,

‘UD3{e] $9S50] SSBUL ON,

- - 820 €z'o ST - - 960 LOT 0'1 3wV -G9SV
850 0%'0 800 ot1'o SO0 $Z'Cl 6%'S1 iAWA PHCT 05'6 nD-8W-UZ-TV 41-SG7L
A0S 0€'0 820 010 cr'o a 729 LS. LL°01 81'TT no-v 41-892
40°C I 64T <10 <10 a TS SS'y 20'] 76'6 WDV AL-SPE
L6'0 68°0 Z0'1 %0 150 . . . . . IS-BIN-TV A.L-S0S pazZipouy
<1'o 01'0 810 800 80'0 Z0'1 rASH} 06'1 co'e ¥ 1S-8W-TY T1-S06

" SIEQA SIES L SIEa A SIEa X SIESA SIE3 X SIEa A SIES X SIEa A SIEDA UQ\S %O:< ﬂﬁvE
0z <1 0t g Z 0z <L 01 g Z 10 Ao[[e uedly
pouad ainsodxg pouad 2unsodxy
(wu) Nidap ud Wnuixew (1A /wirl) 2181 UOISOLIOD)
‘@) FOSNSIDg PUE PIEPOD 1YV

veqang ‘T2idsol UoISUIppy ‘s4o[[e TOISNLIXD WHHUINEe Jof uonespuad Jo idsp wnunxew pue el UOISoLI0)

¢ HIgVL

26



‘soIn81) 2181 UCIS01100 SuipIodal AJnsnf 01 ySnous A[IEINODE PIPIOR 10U 2UIDM SIUSWIRINSESW $SOf SSE 's91s oa1ss2158e a1 1e pauress Jsau arem suawiads (2215 ssojulelg,

ke 070%0) /8w £00°'0 Aoleq synsas Ansnf 01 yBnous Aieinooe paunseaw 10U atam suatdads — QBTN = N,

150 10 paresdauisip suswipads syesiay) ‘Sunsedx 1ed 2211 B Wol) pajewnse ~ 2indy arewixoiddy,

1507 Jo patesSanusip suswidads 1oyealay)] ‘amsedxe resh oml B WOl patemniss — 2undly srewixoidde Aoa,

- - - - - - - - - - - - P91¢
PUE ‘$0¢ ‘0¢h
19218 SSBIUIVIS
N N 45960 BE0°0 | 42810 39000 - - $£9'0 Sz0'0 N N S15d
N N #8560 €700 | 8410 2000 - - ¢&9°0 ¢z0'0 N N SLCW
N N o850 a€Z0°0 | 4LT1°0 aG00'0 - - 2050 0Z0°0 N N S¢
N N 850 ¢zo'n | €0zZ'0 8000 | q9FE'1 Q€S0°0 | €50 120°0 N >N sz
URIUIULIY
166'0 6¢0°0 | SL1C czi'o | 1120 870'0 - - 1681 $Co‘0 LSO 8100 Jaddop
29.°0 00 | ¥¥81T 980 | 84L°1 L0'0 | 4899°0T Z¥'0 | 20¢°¢C ¢1'o 805°0 Z00 ouyz
8% 610 6'6¢ £6°1 Al 6%'0 - - ¢'ve o) 3'¥ 610 NALAOD
¥'8 €co L0801 L01'L 1T 60°1 F6LT | 011 0'Cer Srale I'g €0 [931S P
Ao | oskpw | osAwm | osAqnwe | oadyued | oA | oaA/wd | adpwe |oshswd | oA | sA JA
Aojry
IPOOWEN dwep Arejpp 1eedIdisy Hg pue[s] AIngsies HISD IO [B12I4
21101214 ABg SIA[EAL unao] aden uEqing ueqIn(y BLIOIRI]
zonUEYSE[E) IOV

swwesdord ainsodxd Jead IN0Y [ENTUT JO SHNSII IJBT WOISOLIOD 2FLIJAY

FATAVL

27




TABLE 5
Details of test sites

Site locality Environment Industrial Identification
Pollution

Major sites
Pretoria —

CSIR Rural Very low CSIR
Durban -

Salisbury Island/

Bay Head Marine Moderate Bay
Durban -

Bluff Severe marine Moderate/low Bluff
Cape Town —~

Docks Marine Moderate CT
Walvis Bay —

Military Camp Severe marine Low Walvis
Subsidiary sites
Pretoria —

Iscor Industrial High Iscor
Sasolburg —

OFS Industrial High Sasol
Strandfontein —

Cape Marine Low Str
Port Elizabeth Marine Low PE
Gobabeb Desert Very low Gobabeb




TABLE 6
Metals and alloys exposed

Metal/alloy General characﬁenstizcs/analysm
(where required)

Mild steel 0,20% C,; 0,10% St; 0,76% Mn,; 0,006% P; 0,018% S

COR-TEN A 0,12% C; 0,35% Mn; 0,11% P; 0,05% S; 0,50% Si
0,40% Cu; 0,72% Cr; 0,65%Ni

Zinc 99.7% Zn; traces Ag, Al,Mn

Copper tough pitch copper, 99,85%

Aluminium. ®

38-H4 Al-Mn

M57S-H6 Al-22 Mg

50S-TF Al-Mg-Si

B51S-TF Al-Mg-Si

D65S-Aged Al-Mg-Si

Stainless Steel:

AISI type 430 17% Cr

AISI type 304 18% Cr 10% Nj

AISI type 316 18% Cr 10% Ni, 3% Mo

SX 3CR12@ 0,025% C; 0,014%S; 0,020%P; 0,80% Mn; 0,45% Si;
11,45% Cr; 0,40% Ni; 0,21% Ti; 0,013% N

NOTE: (1) Al alloys
Old designation New AA classification
35 = AA 3103
M375 = AA 5251
508 = AA G063
B518 = AA 6082
D635 = AA G261

(2) 3CR12isa corrosion resistant alloy containing 12% chromium and not a stainless steel. However,
it is included in this group among the chrome containing stainless steels, purely for comparative
purposes
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TABLE 12

Meteorological data for Walvis Bay/Swakopmund® area
(Mo pollution data available)

Rainfall Temperature Relative Humidity Fog
(mm) °C) % (days)
Period 6 years 6 years 6 years 6 years
Time 08h00 14h00 08h00 14h00
January 0 16,2 19,3 89 79 1,8
February 4 17,1 19,8 91 80 4,0
March 1 15,9 18,8 93 82 9.7
April 2 14,2 17,6 92 83 12,2
May 0 12,7 16,4 88 80 16,5
June 0 12,9 17,6 75 69 14,0
July 0 10,4 15,2 83 76 12,7
August 0 10,0 14,0 93 83 14,3
September 0 10,7 14,0 96 85 11,8
October 1 12,1 15,0 91 81 7.7
November 0 14,3 17,0 93 84 4,8
December 0 15,1 17,6 94 86 3,7
Total 8 mm/yr Total
b 1132
Reference days of
Source 32 32 32 fog/yr

" Meteorological data for Swakopmund as no long term data available for Walvis Bay.
The close proximity of the two sites makes this comparison acceptable.
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TABLE 13

Meteorological data for Gobabeb

Rainfall Temperature Relative Humidity Fog
(mm) (o % (days)
Period 22 years 22 years 22 years 7 years
Time 08h00 | 14h00 | 20h00 { 0800 | 14h00 | 20h00
January 5 16,4 | 29,3 | 25,1 86 35 43 9.2
February 4 16,5 | 29,5 | 25,2 | 86 35 43 7,0
March 6 - 17,8 | 31,9 | 268 | 77 31 38 5,7
April 3 16,4 | 308 | 249 | 65 27 36 40
May 1 14,7 | 287 1 226 | 53 | 22 | 33 2,2
June 2 12,9 | 26,0 | 20,0 51 24 36 3,4
July 0 11,7 | 258 | 19,8 | 53 23 35 6,0
August 1 10,8 | 25,6 19,8 61 25 38 7,7
September 1 11,2 | 268 | 207 | 75 27 | 40 | 110
Qctober 1 12,7 | 27,6 | 214 79 28 42 10,5
November 1 144 | 288 1 231 80 28 39 13,7
December 0 15,1 | 29,0 | 24,0 85 32 43 13,7
Total Total 94,1
25 mm/yr - days of
fog/yr
Reference
32 32 32 32
source
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CORROSION RATE

20 40 80 80 100

RELATIVE HUMIDITY (%)

FIGURE 1

Schematic diagram illustrating effect of relative humidity on the corrosion of steel
(pollutants absent)

HOUR OF THE DAY

Jan, Mar. Jun. Sept. Dec.

MONTH OF THE YEAR

FIGURE 2
- Relative Humidity Isogram for Jan Smuts Airport
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HOUR OF THE DAY

Jan. Mar. Jun. Sept. Dec.

MONTH OF THE YEAR

FEIGURE 3
Relative Humidity Isogram for Cape Town
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MONTH COF THE YEAR

FIGURE 4
Relative Humidity Isogram for Port Elizabeth
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HCOUR OF THE DAY
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MONTH OF THE YEAR

FIGURE 5
Relative Humidity Isogram for East London

12N

16 5=

HOUR OF THE DAY

20

saliis
Jan. Mar. Jun. Sept. Dec.

MONTH OF THE YEAR

FIGURE 6
Relative Humidity Isogram for Durban
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PENETRATION (MICRONS)

CSIR Bay Bluff CT. Walvis Sasol Iscor PLE. Smt. Str.

B Mild steel Corten B Zinc B Copper
Bl Aum.-3S B s/s-316 3CR12-Pickled

FIGURE 7
20 years exposure — comparative results
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FIGURE 8

20 year results for Mild Steel




FIGURE 9
20 vear results for Mild Steel (Less severe sites)
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FIGURE 10
20 year results for Corsten A
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FIGURE 11
20 year results for Zinc
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FIGURE 12

20 year results for Copper
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FIGURE 15
20 year results for Aluminium
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FIGURE 14

20 year results for Stainless Steel

3CR12(P)

47



FIGURE 15

10 year results for 3CR12(P) (Second exposure programme)
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Alexander
Bay

Port Elizabeth

East London

LEGEND
" o Map ) Mild _sieel* Galvanisedﬂ
ode Description identif. Type of corrosion corrosion rate §tegl sheet
um/yr life in years®
A Intertidal to 5 km inland - Severe marine 100 — 300 Upto3
B Desert marine (Mists) - Severe marine 80-100 0,5—2
o] Temperate marine - Marine 30-50 J=i7
D Sub-tropical marine - Medium to severe marine 50 — 80 3-5
E Desert inland dry - Desert <5 > 30
F Inland - Rural 10-20 > 20
G Inland urban - Inland industrialtt 15-40 5-15
H Urban coastal Marine industrial't 50-150 1-3
[ Inland arid - Semi desert 5-10 > 30

* Higher corrosion rate usually indicates proximity of sea.

** Commercial grade Z 275 g/m? (unpainted).

t Life in years — until 5% of surface area showing red rust.

 Industrial implies pollution present in atmosphere.

C and D usually from 5 km inland up to first mountain range.

FIGURE 16

Atmospheric corrosion map of Southern Africa

49




50

PLATE 1: Mild Steel

CSIR (20 years) Sasol (20 years)

Bay Head (20 years) Bluff (5 years)

Cape Town (5 years)

Port Elizabeth (5 years) Walvis Bay (20 years)




PLATE 2: COR-TEN A

CSIR (20 years) Sasol (20 years)

Bay Head (20 years)

Cape Town (15 years) Strandfontein (2 years)
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PLATE 3: Zinc

CSIR (20 years)

e e
Bluff (20 years)

SPECIMEN STOLEN

Cape Town

Walvis Bay (5 years)




PLATE 4: Copper

CSIR (20 years) Sasol (20 years)

SPECIMEN STOLEN

Bay Head (15 years) Bluff

Cape Town (15 years) Strandfontein (2 years)

Port Elizabeth (10 years) Walvis Bay (20 years)
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PLATE 5: 3S Aluminium

CSIR (20 years)

Bay Head (15 years)

SPECIMEN STOLEN

Cape Town

Port Elizabeth (10 years)

Sasol (20 years)

el

Bluff (20 years)

Strandfontein (2 years)

Walvis Bay (20 years)




PLATE 6: M57S Aluminium

CSIR (20 years)

Bay Head (15 years)

Cape Town (15 years)

NOT EXPOSED

Port Elizabeth

NOT EXPOSED

Sasol

Bluff (20 years)

NOT EXPOSED

Strandfontein

Walvis Bay (20 years)
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PLATE 7: AISI 430 Stainless Steel

CSIR (20 years)

Bay Head (20 years)

Cape Town (15 years)

NOT EXPOSED

Port Elizabeth

Sasol (20 years)

Bluff (20 years)

NOT EXPOSED

Strandfontein

Walvis Bay (20 years)




PLATE 8: AISI 304 Stainless Steel

CSIR (20 years)

Bay Head (15 years)

NOT EXPOSED

SPECIMEN STOLEN

NOT EXPOSED

Cape Town

NOT EXPOSED

Port Elizabeth

Strandfontein

Walvis Bay (20 years)
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PLATE 9: AISI 316 Stainless Steel

CSIR (20 years)

Bay Head (15 years)

SPECIMEN STOLEN

Cape Town

NOT EXPOSED

Port Elizabeth
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NOT EXPOSED

Sasol

Bluff (20 years)

Strandfontein (2 years)

Walvis Bay (20 years)




PLATE 10: 3CR12 Alloy — pickled and passivated

CSIR (10 years) Sasol (10 years)

Bay Head (10 years) Bluff (10 years)

Cape Town (5 years) Strandfontein (2 years)

NOT EXPOSED

Port Elizabeth Walvis Bay (10 years)
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PLATE 11: 3CR12 Alloy — hot rolled condition

CSIR (10 years)

Bay Head (10 years)

Cape Town (5 years)

NOT EXPOSED

Port Elizabeth

Sasol (10 years)

Bluff (10 years)

NOT EXPOSED

Strandfontein

Walvis Bay (10 years)




— 20 years exposure at CSIR

yhinium

Anodised Alu

PLATE 12(a):

15 um

5um

25um

20 um
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— 20 vears exposure at Durban Bluff

Anodised Aluminium

PLATE 12(b)

15um

25 pm

20 um
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- 20 years exposure at Walvis Bay

-

indum

Anodised Aluam

PLATE 12(c)
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PLATE 13: Thermally Sprayed Aluminium applied to steel
25 years exposure at Walvis Bay (100 um thickness, unsealed)
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Addendum

A.1

DESIRABLE DESIGN FEATURES

As has been indicated in the text, the results of atmospheric exposure testing cannot
be used in isolation. Even the best materials will fail when used incorrectly. The
following information is extracted from Appendix A - Good Structural Design
Practice for Corrosion Prevention — which forms a part of SABS 0120: Part 3, Section
HC-1988. "Corrosion Protection of Structural Steelwork". Although most of these
comments have particular reference to structural steel, they do apply to most metal
systems.

Structural aspecis

The design of a structure may influence the choice of protective systems or material
of construction. It may be appropriate and economical to modify the design to suit
the selected system(s). The following points should be borne in mind:

a) Easy access for corrosion protection and maintenance work should be provided.
Certain areas may, after erection, be inaccessible for maintenance and so may
require a coating system or material to last for the design life of the structure.

b) Wherever possible, pockets, recesses and crevices in which water and dirt may
collect should be avoided or properly drained.

c) Wet operating conditions should be specifically catered for by the provision of
an adequate drainage systemn.

d) Somestructural sections may be more suited to some coating systems than others,
e.g. rods and hollow sections can be more easily wrapped than can structural
shapes; lipped cold-rolled channels present problems and preference should
be given to the use of Z-sections.

e) The method or size of fabrication may preclude or limit some coating systems.
Where coating by dipping is employed, adequate drainage holes must be
provided. ‘This will also avoid air pockets.

£ In severely corrosive conditions, sharp edges must be reduced.
g Intermittent welding should be considered in the light of A.2.3 below.

h) If materials are chosen which may cause bimetallic corrosion problems, addi-
tional attention must be given to design considerations, particularly in wet
corrosive conditions (refer to BSI Publication PD 6484 "Commentary on corro-
sion at bimetallic contacts and it’s alleviation"). The effect of contact with other
building materials should also be considered, e.g. aluminium and zinc in contact
with concrete. Both zinc and aluminium are corroded by highly alkaline
materials, thus the alkalinity of concrete, or leachings from concrete, can attack
these two metals.

1)  Where necessary, sling points for handling, processing and transport purposes
may be required.




A2
A.2.1

A.2.2

A.2.3

A.2.4

Connections
Friction-grip Joints

The faying surfaces of friction-grip bolted joints (see SABS 0941) require special
attention, Whether left bare or not, all points where moisture could gain access
should, in severely corrosive environments, be effectively sealed. The alternative
is to protect the faying surfaces, but in this case the effect of the protective coat on
the coefficient of friction has to be closely investigated, and the behaviour of the
connection under static, dynamic and sustained loading, as applicable, should be
considered.

Fasieners

Specific attention is required for the corrosion protection of fasteners. Metallic pre-
coatings can be selected which optimize the performance of the subsequent
coatings where applicable. Uncoated fasteners to be painted after erection must be
degreased and primed before assembly; etch priming may be required on non-
ferrous coatings before proceeding with coating. After installation, a heavy coating
system is essential to ensure that threads are covered. Stainless steel fasteners or
plastic caps over lightly greased fasteners provide alternative means of protection
in severely corrosive conditions.

Welds

Intermittent or stitch welds inevitably leave crevices which become a potential
source of crevice corrosion. Lap joints continuously welded on only one side may
also lead to crevice corrosion, If, for structural or economic reasons, stitch welding
is selected in severely corrosive conditions, then the resulting crevices should be
sealed effectively before, during, or after the application of the protective system.

Other Connections

Connections such as lap joints, folded secams and the interfaces between decking
plates and supporting beams, being a potential source of crevices, should in severely
corrosive environments be sealed effectively to prevent the ingress of moisture and
electrolytes.
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DESIRABLE STRUCTURAL DESIGN FEATURES

The following diagrams depict solutions to design problems and desirable design features:

1

2

3

Problem

Typical application

Typical solution

Backs of double angle cannot be
painted and maintained

Double angle truss; bearing
member

Design as single angle truss; or use
T-section

J
N

channel

Inaccessible cormers on inside of lipped

Purlins and girts

Use Z-section

contact

Potential corrosion due to angles in

=

Angles in contact

Close crevice by sealing or welding

| S—

welding

Sharp corners and discontinuous

Angles and welds

Round corners and continuous welding

70




1

2

3

Problem

Typical application

Typical solution

Lower end of angle could collect dirt
and moisture

Web member of truss

Invert angle

-
.

“d

/ /

Channels or angles could collect dirt
and moisture

Sheeting girt; tie or strut
member

Invert section or design to avoid
retention of moisture and dirt

i Fiow v i o O

Bus Y |

LTS

z

Sharp corners cause cancern about
possible foss of protection due to paint
draw-back

7

Structurat members
generally

Consider the use of hollow sections or
rectangular hollow sections

71



72

1

2

3

Problem

Typical application

Typical solution

Dirt accumulates and moisture
penetrates in bolted joints

15 5 il el

Bolied or welded lap joints

Consider using welded or butt-welded
joints or sealing with mastic

l.apped joint creates ledge exposed to
weather

Shell of tank, bin or hopper

Arrange joint so that ledge is not on the
weather side

Gussets create pockets for dirt and
maisture

Column baseplate

Design without gussets or allow
drainage




1

2

3

Problem

Typical application

Typical soluticn

Plates in loose contact may encourage
capillary ingress of moisture

Service tanks or hopper
sitting on steel structure

Locate tank or hoppers on ledge
— ensure drainage

N\

Insides of hollow sections not
accessible for painting

Tubular structures

Prevent entry of air by sealing with
suitable welded end-plates. These can
often be incorporated into the design,
e.g. column base and cap plates

Inadequate access for painting

I r

Adjacent structures

Provide adequate access for painting
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1

2

3

Problem

Typical application

Typical solution

Corrasion point where steel member
enters concrete

Stanchion for handrail or light

structure

Paint + 50 mm above and below point
where steel member enters concrete or
provide mastic sealant covering

Base and bolts at ground leve! result in
water retention and corrosion

Column bases

Column baseplate above ground level.
Holding-down bolts not exposed to
corrosion. Statk of column well clear of
ground level, Slope for drainage




1 2 3
Problem Typical application Typical solution
Limited access for maintenance Bridge decking Accessible for maintenance

painting

ITLED

N

BRSNS R

TEFNT

Corrosion caused by poar drainage

Bridge decks

Ensure water drains away from
structural steel
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