
Corrosion Control-A Design Function 
JOHN R. DAESEN, Director, The Galvanizing Institute 

Considerations of the mechanism of the protective action against 
corrosion are illustrated by examples, and simple investigative 
tools are suggested to provide the design and maintenance engi
neer with help in evaluating and particularizing general informa
tion on materials offered for corrosion control. The need for 
more specific disclosure in specifications for materials offered 
for corrosion control is also brought out. 

•THE grave results of interruption of service for maintenance, as well as unsupport
able cost, demand that protection against corrosion be designed into highway structures, 
instead of merely being added to them. Such operations as surface preparation of struc
tures and painting should only be performed at the longest possible intervals. 

CORROSION CONTROL IN DESIGN AND PURCHASE 

Because the financing of Interstate highways leaves the burden of maintenance to 
local bodies, it is not only a hardship to some of these communities when structures 
requiring excessive maintenance are built, but it is also a serious lack of protection of 
investment. 

In securing bids on alternate construction materials , a policy which makes no cost 
allowance for materials which minimize maintenance costs is unrealistic. In spite of 
the demonstrated great advantage in maintenance of hot dip galvanized guardrail, painted 
steel guardrail, otherwise unprotected, has been installed on some Interstate highways 
in the last year. This suggests that corrective action in contract specification may be 
indicated. Design engineers should add to their calculations, in addition to "cost per 
thousand psi yield strength," the figure "maintenance cost per unit of structure per 
year." 

Effective judgment of the problem requires an orderly appraisal of the specific 
causes and extent of corrosion in the particular case and a competent understanding of 
the mechanism by which the proposed protective means is to do its work. 

Moist air is a slow corrodent of metal structures, but persistent wetness, uneven 
aeration, or the presence of active dissolved ions can accelerate corrosion greatly. 
Discharge of active gaseous waste by industry or transportation vehicles may so greatly 
accelerate attack that certain areas should be given preferential treatment in the de
sign of corrosion protection. In providing such special improved resistance, the de
sign engineer needs to know not merely the general order of excellence in corrosion 
resistance of the available materials, but also the specific performance of each in the 
corrosion hazard of the particular locality and structure. 

MULTIPLICITY OF MATERIALS 

For the designer of structures or of maintenance programs who is not a specialist 
in corrosion control, this orderly appraisal is made difficult by the limited availability 
of data on corrosive conditions, and particularly, by the great number of new products 
of merit (some tested in only limited areas or incompletely identified by composition). 
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The great variety of new synthetic paints calls to mind the fact that each was found 
to have its own part.iP.ula.r Iimit::1tions after expensive field t.Ast.ing-. 

Metal Progress (August 1965) lists some 250 grades of high strength and extra high 
strength steels, many of which make claims for improved corrosion resistance. One 
steel is listed as having twice the corrosion resistance of carbon steel, another 4 to 6 
times, and another 5 to 8 times. It must be apparent that the ratio of improvement over 
this standard can hardly be the same in all atmospheres. The wide ranges of composi
tion indicated for many of these steels, overlapping those given for other steels, make 
it extremely difficult for a user to judge which are similar in composition and approxi
mately equivalent in performance. 

NEED FOR SELECTIVE STANDARDS 

Evaluation of these products is made difficult by loosely drawn standard specifica
tions, which are too broad to define a class of material except for very limited per
formance requirements. A notable example of such a standard specification is ASTM 
Specification A 242-64T for High Strength Low Alloy Structural Steel. This is also ap
proved as an American Standard Association standard. 

Its shortcoming lies not in provisions for physical properties, which are complete, 
but in its breadth of chemical requirements: carbon, manganese and sulfur only being 
specified. "Choice and use of alloying elements ... shall be made by the manufacturer 
and included and reported. . . for information purposes only to identify the type of steel 
applied." 

As for corrosion resistance, provision 4(c)* does not justify expectation of improved 
corrosion resistance by merely specifying that the steel shall conform to ASTM Speci
fication A 242. 

EFFECT OF COPPER AND PHOSPHORUS 

Today's engineering journals tend to seek a wide range of readership and feature 
articles in very general terms. As a result, certain generalities are widely circulated. 
One of these is the great improvement in corrosion resistance offered by a 0. 20 per
cent copper content in steel. This was strongly documented by the test of ASTM Com
mittee A-5 on Corrugated Steel Sheets, exposed in a number of sites in 1917, and in
spected semiannually to 1951. 

As a result of far more complete documentation of chemical analyses of the material 
of this test than is current in recent field tests of this committee, we are able to show 
in Figure i, from data of the Report of Committee A-5, i954, not only the effect of 
copper which has been widely reiterated, but also the very positive effect of phosphorus 
in improving corrosion resistance, as shown by the average life to perforation of groups 
of sheets of from 3 to 14 of specific chemistry . 

Because of the very great hardening effect of phosphorus, large amounts of this ele
ment are not used with carbon contents of over about 0. 12 percent. Users should note 
that phosphorus over 0. 05 percent in a steel may be expected to add to the steel's cor
rosion resistance, especially if copper is present. They will not find it present as an 
aid to corrosion resistance in steels of 0. 20 carbon or higher. 

The dotted portion of the curves of Figure 1 are not from data of the above test, but 
reflect the results reported in "Corrosion Testing," the 1951 Edgar Marburg Lecture 
by F. L. LaQue, on openhearth irons in marine atmosphere: "There can be as much as 
a ten-fold difference in corrosion between irons carrying 0. 005 percent and 0. 05 per
cent copper." He stated in Metals Review (June 1965): " ... the resistance to atmos
pheric corrosion is improved more than five-fold by elevating copper from 0. 005 to 
0.03 percent." 

*"If the steel is specified for materially greater atmospheric corrosion resi stance than structural carbon 
steel containing copper, the purchaser should so indicate and consult with the manufacturer." 
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Since most carbon steel contains about 
0. 03 percent copper as a residual element, 
it is apparent that the general claim for 
improved corrosion resistance should in
dicate the copper content of the standard 
of comparison. 

The difference in actual resistance be
tween the industrial atmosphere of Pitts -
burgh and the mild marine atmosphere of 
Annapolis is not the most interesting fea
ture of the data. Note that proportionally, 
increased phosphorus is far more effective 
in the sulfur containing atmosphere, where 
the ten-fold increase from 0. 008 to 0. 09 
phosphorus yielded a 66 percent improve -
ment at 0. 20 percent copper. In the purer 
atmosphere of Annapolis, this ten-fold in
crease in phosphorus caused only a 33 
percent improvement, only half that ob
tained in the more rigorous atmosphere. 
This effect could profitably be more widely 
recognized. 

EFFECT OF ATMOSPHERE ON RELATIVE PERFORMANCE 

The well-publicized characteristic of corrosion-resisting low alloy steels of devel
oping increased resistance during exposure (Fig. 2) is also a characteristic of plain 
carbon steel and malleable iron, except in a very aggressive seashore application. 
These data are calculated from the recently reported results (Subcommittee Repor ts of 
Committee A-5, ASTM, 1965) of weighing of bare 4- x 6- x ¼-in. s heet samples exposed 
with other panels of the same material coated with zinc and aluminum. These sheets 
had been exposed at several locations for 6 years. Previously, similar samples were 
weighed after cleaning, after a 2-yr exposure period. 

The 4 to 1 increase in corrosion resistance claimed for some low alloy steel is al
most met at the unusual seashore exposure, but falls to about 3 to 1 in the industrial 
exposure of Newark, N. J., and to 2 to 1 in the milder marine exposure of the 800-ft 
lot at Kure Beach, N. C., for the 6-yr period. The great difference in behavior of 
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malleable iron, rapidly attacked at the seashore, but equally resistant with low alloy 
3 at only 800 ft from the same location, is notable. 

The low alloy steels are very poorly identified in this test (principally designed to 
test coatings) by wide ranges of alloy elements. Specific analyses for certain elements 
have been listed as follows: 

Steel Type Carbon Copper Nickel Chromiun Zirconium 

LA I 0.10 0. 50 0.62 0.47 
LAU 0.17 0.06 0.02 0.64 0.03 
LA III 0.14 0.37 0.54 
LA IV 0.10 0.24 0.30 1. 10 

The carbon steel selected to "serve as a standard of comparison" is not identified by 
carbon, copper or phosphorus content. Users will be best served by prompt, complete 
disclosure by this committee of the balance of the chemical composition of these very 
interesting samples. Highway engineers can effect this by indicating their interest to 
the committee. 

MECHANISM OF CORROSION PROTECTION 

This discussion of the basic mechanisms of protection is illustrated by examples to 
indicate the general nature of the effects and suggest simple nonspecialized tests for 
observation of the progress of corrosion. A low power stereo microscope, with ample 
auxiliary illumination is ideal for disclosing far more detail in weathered specimens than 
can be observed without visual aid. 

In actual fact, the protection of outdoor structures against atmospheric corrosion is 
provided by some form of barrier film. Complete isolation of the structure from cor
rosive elements by barrier film action alone is unattainable because of: damage to the 
barrier film in shipping and erecting; holidays in application of paint coatings on struc
tures in place; permeability of paint or porosity of metal films, allowing access of air 
and moisture; and mechanical damage or corrosive depletion of the film in use. 

Figure 3. Section of multi-coat paint flake from corroded steel structure. 
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Inert Barrier Films 

Figure 3 shows a section at low magnification of a heavy flake of multiple paint costs, 
picked off of a badly rusted steel bridge over a small gully in a public park. The 20 or 
more layers of paint, of uneven thickness near the edge of the steel member, have been 
totally inadequate to prevent destruction of the underlying steel, to the point of its partial 
disappearance. While the variation in color of the different films may reflect changes 
for aesthetic considerations, we may safely assume that many new hopeful solutions 
were offered for this problem, one of the most recent being obviously a 4-mil layer of 
aluminum paint. A similar investigation of larger painted outdoor structures would re
veal an equally interesting stratified record in many cases. 

The nonuniformity of micro-structure of all commercial metals of construction, 
which permits local cells of corrosive attack, dictates a dynamic defense against local
ized attack, and a reduction, if inhibition is impossible, of corrosive action. Inert bar
rier films with many imperfections distributed uniformly on a micro-scale provide such 
a defense, and permeable paint coatings applied to grit blasted steel may be taken for 
an example. 

Figure 4 shows the surfaces of two test pieces of structural steel with a prime coat 
and a top coat totaling only 3 mils dry film thickness, after about 2 years exposure in a 

Figure 4. Surface of 3-mil paint system on structural steel after 2 years marine exposure: (a) over in
tact mill scale; (b) over grit blasted surface. 

Figure 5. Surface of hot dip aluminum coated low alloy steel panel: (a) pitted and rust stained ofter 
4 years marine exposure; (b) pitted and reported yellow stained ofter 4 years marine exposure. 
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marine atmosphere. Figure 4a is of a sample with the paint system applied directly 
over a fairly intact coating of mill scale. The coat is in good shape except for areas 
where the mill scale layer was broken, giving fine opportunity for local cell action and 
rusting. Figure 4b is of a specimen grit blasted before painting. Here there is more 
uniformity of the base, and the moisture and air that permeated the paint film have 
caused no massive rust, but pinpoints of reaction have formed over the entire surface. 

In a program of continuous maintenance by repainting, the shallow depth of the many 
tiny pits formed in the base of the grit blasted steel will cause less trouble with failure 
of subsequent paint coats than will be the case with the deeper rust pits at breaks in the 
mill scale of the unprepared steel. 

Micro-cracked chromium on nickel plate is another example of an inert barrier film 
with many imperfections distributed uniformly ona micro-scale. A similar reduction 
of local intensity of attack is secured. 

Self-Replacing Barrier Films-Non-Anodic 

Figure 5a shows the surface of aluminum coated low alloy steel exposed to a marine 
atmosphere for several years. While aluminum has a potential anodic to steel when a 
fresh surface is exposed, the oxidized barrier film formed by exposure in many areas 
does not permit anodic protection, and if pores are present or develop, as in the case 
of this 5-mil thick coating, corrosive action penetrates the pores and causes rust 
staining. 

Fine pitting of aluminum coatings is sometimes associated with first a yellow stain, 
which later becomes black and remains without further change in appearance (Fig. 5b). 
This may originate from the combined iron of the alloy layer, or may reflect attack of 
the base. Micro-sections of such coatings are required to establish the presence or 
absence of attack of the steel base. 

Self-Replacing Barrier Films-Anodic 

The most effective barrier film is provided by an applied metallic coating such as 
hot dip galvanizing, of such potential with reference to steel that it will remain anodic 
even in mild atmospheric exposure, but which forms its own barrier film by oxidation 
during exposure. Small openings, accidental or otherwise, in the coating do not permit 
rusting of the exposed steel because of the anodic action of the coating. 

As the oxidized barrier film is worn or dissolved off, fresh barrier material is 
formed. When the metallic zinc coating is applied in substantial thickness (2 oz/ sq ft 
of surface, equivalenl Lu 3. 4 mil:,;), this action yields long life in all but the most ag
gressive exposures. For the latter, the galvanized coating is effectively complemented 
by a paint system chosen for its resistance to the particular corrodent. Then, replace
ment of the paint film on a regular maintenance basis does not necessitate costly grit 
blasting of the base to give the new paint film a chance for reasonable life. 

An essential characteristic of these anodic self-replacing films may be the presence 
of unreacted metal ions in the forming oxidized layer, or an action of alloy elements in 
maintaining a lower state of oxidation of some of the atoms of the base or coating metal. 

Sprayed coatings of aluminum or zinc may not be equated directly with coatings of 
these metals applied by hot dipping, because of their greater porosity. The degree of 
anodic action must be determined for the particular coating in the exposure medium 
selected. Their high cost of application usually dictates thin coatings. Sealing plastic 
coatings are generally used with these, and the protection afforded has been shown to 
vary considerably with different sealants. 

Self-Replacing Barrier Films-Rust Coating Formed on Base 

Statuary bronze is the oldest example of an effective, self-replacing film formed on 
the base itself. The rust film on steel, usually too porous to provide much protection, 
is considerably more resistant with small amounts of copper and phosphorus added to 
the steel ( Fig. 1). In some low alloy steels, the resistance is further increased by 
additions of silicon, chromium and nickel. 
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Figure 6. Section of painted cast iron destroyed by atmospheric corrosion, unetched: (a) corrosion 
(light gray) under multiple paint films, exposed face; (b) corrosion (light gray) under heavy prime coat 

(dark gray) on mating surface which trapped water. 

The highway structure must not have its surface so damaged during use, as a result 
of corrosion penetrating the guard, that it makes re-application of protective coatings 
too costly or impossible. Far more important, in these days of high design stresses 
and lightweight sections, the metal must not be weakened against shock or fatigue by 
corrosion pits which could act as stress raisers. 

Figure 6 shows the rusting of the cast iron base under (a) a number of paint films 
applied over a period of time, and {b) under a heavy prime coat applied between mating 
metallic surfaces capable of holding moisture. The continued presence of paint did 
not prevent such severe rusting that portions of the decorative cast iron trim had been 
completely destroyed. 

Use of low power stereo examination of surfaces or of oblique sections or grooves 
{applicable to structures in use) is a means of estimating implication of the base by 
corrosive action. This can, and should, be done far more frequently than is possible 
for a more formal examination of dismantled sections. 

As an example, Figure 7 shows the end of a 2- x 2- x ¼-in. angle of low alloy steel 
which had been exposed for some years in an industrial atmosphere without protective 

Figure 7. Low alloy steel unprotected lOyears in industrial atmosphere, edge beveled at 30-deg angle 
[right photo (b) is 5 X left (a)]. 
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coating of any kind, except its own rust film. In Figure 7a, a part of the outer face of 
one leg iR Ra.wen off a.nci t.hen heveled at. an ane-le nf :rn dee-wit.ht.he surfaC'.e. 'T'he deep 
pitting, evident on the surface, is given rough quantitative measure by the trace of the 
intersection of the bevel plane with the irregular surface. 

At this angle, horizontal distances are equivalent to half their amount in a vertical 
plane, normal to the surface. The deepest pit is shown at greater magnification in 
Figure 7b, and there is a fine encroachment into the steel by dark markings which sug
gests general attack on a much finer scale than is apparent on the surface. Micro ex
amination of sections at a higher magnification is indicated to assess the possibility of 
formation of stress raisers that could adversely affect fatigue or shock resistance of 
structures in this condition, even though weight loss tests should indicate a practical 
cessation of rusting. 

FALSE ALARMS FROM DISCOLORATION 

The color of rust, which has been an indicator of attack on steel for so long, is still 
an aid to evaluation of corrosion protection that cannot lightly be abandoned. Our 
deeply ingrained satisfaction with conditions that appear orderly and ship-shape arises 
from a perhaps unrecognized conviction that such things will perform their function. 

A red or brown discoloration is not always a sign of attack on the base steel. Hot 
dip coatings which are bonded to the steel base by a diffusion layer of the base into the 
coating metal, as with zinc and aluminum, may show a red or brown deposit when this 
alloy layer is exposed in weathering. The color then is due to iron from this layer, 
redeposited on the weathered surface. 

Figure 8. Galvanized guardrai I stained by refinery tumes-1 i ght gray area covered by lop of ad joining 
rail; "red brown" stain from precipitated iron from zinc-iron alloy layer of coating (1/2 natural size). 
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Figure 9. Galvanized guardrail stained by refinery fumes-section of 7-mil coating at covered area, 
diffuse alloy throughout, nitramyl etch, 200 X. 

Such a condition is seen in the s e ction of galvanized guardrail (Fig. 8) which is 
stained "dark brown" on the exposed face area, while the part covered by the lap of 
the adjoining rail is still gray. The micro-section (Fig. 9) of the coating shows that 
the alloy of zinc and iron, in this case, extends through the entire 7-mil thickness of 
the galvanized coating. Far from being ready to rust, this structure has twice the 
specified coating of 2 oz/ sq ft of surface (3 . 4 mil). Yet in this case, authorities elected 
to paint this surface, stained by close proximity to an oil refinery, because of public 
reaction to a surface which suggested possible early failure. 

While the appearance of a rust color may occur on the surface of protective coatings 
which still have many years of protective life, with no involvement of the base, absence 
of such staining would be far more desirable, for the peace of mind of the public and 
the highway and utility engineer. 

ADAPTABILITY OF STEEL TO GALVANIZING 

In the case of galvanized coatings, selection of the steel base composition can play 
a profound role in avoiding early discoloration of this type, or unattractive roughness. 
This selection need impose no limitation on the physical characteristics of the steel. 

Figure 10 shows sections of galvanized coatings secured in tests under the same 
commercial conditions on three different pieces of steel supplied for the same purpose 
(welded steel poles). All were called extra strength steel with a 60, 000-psi minimum 
yield strength. Each developed its own characteristic galvanized coating, which re
flects the difference in silicon content of the steel: 

Surface Appearance Thickness of Micro-structure 
Silicon 

Coating (mil) (%) 

A Smooth 4.4 Dense alloy and zinc 0.02 
B Rough 8.75 Diffuse alloy only 0.05 
C Gray, matte in some areas 5.0 Dense alloy to surface 0.25 
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The coating on A is well over the 3. 4-mil equivalent to the 2 oz usually specified. 
While the B and C coatings are heavier than A, they ar P. too unattr:idive in :i.ppear a nce 
to be salable. 

Silicon is one of the cheapest means of increasing tensile strength of steel. Use of 
somewhat more expensive alloy elements in small amounts, and a lower silicon content 
was the commercial solution to this problem. 

Generally speaking, the type of low alloy steel with 0. 12 to 0. 15 percent maximum 
carbon, containing silicon and phosphorus over 0. 30 and 0. 04 percent, respectively, 
may be expected to develop in massive sections a gray, matte surface in galvanizing 
(sometimes avoidable by taking unusual precautions). In steels over 0. 20 percent car
bon, as the strength increases, silicon contents over about 0. 03 percent have a signifi
cant effect in causing rapid alloy growth, thick coatings and roughness. The presence 
of other hardening elements and the degree and kind of stress in the member modify 

(a) 

( b) - -
Figure 10. Sections of galvanized coating on 60,000 Y S steel-nitramyl etch, 200 X: (a) smooth, 4.4 

mil with 0.02 %, silicon, dense alloy and zinc; (b) rough, 8.75 mil with 0.05%silicon, <diffuse alloy. 
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-
( C) • 

Figure 10 (continued). (c) Gray, 5.0 mil with 0.25% silicon, alloy to surface. 

this action. Here, the adaptability for galvanizing should be determined by discussion 
or test. 

The presumption that the most complete protection can be had by applying hot dip 
galvanized coatings to a corrosion resisting· steel is faulty , in that ma ny of these cor
rosion resisting steels (but by no means all) do not form the attractive, long wearing, 
dense structure of alloy with a zinc outer layer (Fig. lOa), but may develop coatings 
(Fig. lOband c). When, after many years, magnetic tests indicate loss by corrosion 
of a major part of the galvanized coating, the structure will be well protected by suit
able paint coatings applied on a r egular maintenance schedule to a base not subject to 
pitting and rusting. In any event, suitability of the steel for galvanizing should be es
tablished as a part of design, particularly when higher strength or corrosion resistant 
steels are used. 

SUMMARY 

Highway and utility engineers have a pressing need for effective information on the 
capabilities of materials and systems to control corrosion. They also have a unique 
opportunity, and indeed an obligation, to aid in adoption of standard specifications which 
are truly informative and selective. The direction for improvement in these areas is 
suggested by examples. 

By participation in the work of te chnical committees, engineers of highway and utility 
organizations can insure not only effective standards, but also the informative test pro
grams and factual reports of materials in use that are needed to develop adequate stand
ard specifications. 

Discussion 
SIMON A. GREENBERG, Industrial Consultant, Flushing, New York-The author of 
this paper is to be complimented for his precise, simplified and interesting description 
of the corrosion phenomenon, especially as it occurs in the atmospheres to which bridge 
structures are normally exposed. This paper should help the bridge engineer under
stand better how corrosion occurs and how to prevent it. 
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There are two separate subjects of the paper I should like to discuss. First is the 
matter of providing for corrosion control as a design function. 

There are a number of design details which can contribute to the occurrence of local
ized corrosion on a bridge structure, regardless of the means of corrosion protection 
used. The following few examples by no means include ali the details which can con
tribute to corrosion protection or failure; they are only given as typical. 

In plate girders, it should be required that all stiffeners be coped to a size which is 
at least ¼ in. greater than the size of the flange-to-web weld. This will prevent the 
accumulation of rain water and dirt in the corners formed by the stiffeners and the web. 
(There is some evidence that coping of the stiffeners reduces the fatigue strength of a 
girder; this reduction is very small and is offset by quality advantages for such copings 
so that it is common practice to cope stiffeners.) I have found that copes are generally 
used but too often their sizes are too small to permit effective drainage. 

Flanges of girders should not be permitted to have their edges curl upwards since 
this creates a natural trough for water to settle in. In fact, it would be desirable to 
have the flanges on the bottom slope downward ever so slightly to assure drainage. 

On trusses, use of access holes in the bottom chord sections is not necessary with 
welded construction. I encountered some difficulty in convincing a highway department 
of this recently. 

If the bottom chord is a welded box section, the inside faces of the plates can be 
painted to within two or three inches of the edges to be welded. The heat of welding 
will usually be enough to drive off any moisture. When the ends are sealed, the mem
ber is as corrosion resistant on the inside as it need be for the life of the structure. 
Adding access holes only provides openings for moisture to enter. 

Connections of diagonals or ties to the bottom chord should be so designed and exe
cuted that troughs are not formed to trap rain water and dirt. 

More examples could be cited, but the foregoing should suffice to suggest the con
siderations whici1 should be given in the design and construction of bridges to prevent 
"built in" water pockets. 

Another subject concerns one method of corrosion protection which the author has 
not touched on in his paper. It is metallizing or metal spraying. 

In this process the surface to be coated is sand or grit blasted to produce a rough
ened surface to which the protective metal will bond when it is sprayed onto the base 
metal. 

Metallizing for corrosion protection has found limited interest for large structures 
until recently. This has been due to a lack of information on the life expectancy of such 
coatings under actual exposm'es. Now, with ten year::; of experience under a test pro
gram conducted by the American Welding Society Committee on Metallizing, it is pos
sible to predict the type of coating and thickness of coating which is needed for protec
tion for a given period of time in a given atmosphere. 

In 1953, about 2,000 test specimens coated with aluminum and a like amount coated 
with zinc were prepared and exposed in standard ASTM and other established locations 
in rural, urban, industrial, salt air and severe marine atmospheres, as well as sea 
water immersion. 

The specimens were sprayed in a series of five thicknesses from 0. 003 to O. 015 in. 
In addition, for each coating thickness of zinc some specimens were exposed without 
any seal coating; some were sprayed with a wash primer and one coat of aluminum 
vinyl; a third series was sealed with two coats of chlorinated rubber. The aluminum 
sprayed specimens were exposed with no sealant, with a wash primer and one coat of 
aluminum vinyl, and with a wash primer and two coats of aluminum vinyl. 

The 10-yr inspection of the specimens last spring at all test sites showed that no 
rusting of the base metal has occurred on any of the aluminum specimens at any of the 
atmospheric locations. The panels without sealers have acquired nodes of corrosion 
product and do show some discoloration. Panels which had been given two seal coats 
of aluminum vinyl were brightest and cleanest of all. 

Unsealed zinc coated panels which have 0. 003-in. thick coatings and no seal coating 
have shown red rust at sites in industrial atmospheres. The unsealed panels which have 
thicker coatings have some accumulation of corrosion product which varies from light 
to dark gray in the different atmospheres. 
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The sealants used with zinc both leave something to be desired. Chlorinated rubber 
has not been effective at all. Aluminum vinyl is better but not as good as with alumi
num; in some instances blistering of the vinyl sealant has occurred. 

For bridges serving in rural atmospheres, a coating of 0. 003 to 0. 006 in. of zinc 
with a sealer should provide long time protection. For more severe atmospheres 
aluminum coatings should be used with aluminum vinyl as the sealer. 

The initial cost of metallizing should be expected to be significantly higher than for 
painting or galvanizing. The cost and frequency of maintenance should be lower. In 
any case, this is a method of corrosion protection which should be considered along 
with the more established methods for providing corrosion protection to bridge structures. 

JOHN R. DAESEN, Closure-We are grateful to Mr. Greenberg for expanding the utility 
of the paper by his very specific suggestions of design details that avoid the trapping of 
water. This has an important effect on the life of galvanized coatings, as it has on most 
materials. Figure 11 shows how ineffective maintenance by painting can be when water 
is trapped in the overlap joint of painted but not galvanized guardrail. 

We do not, however, approve his summary of the results of the test of the American 
Welding Society Committee on Metallizing, on sprayed aluminum and zinc coatings. He 
states "The 10-yr inspection ... showed that no rusting of the base metal has occurred 
on any of the aluminum specimens at any of the atmospheric locations." But the Six 
Year Report states, page 4, "Some unsealed 0. 003-in. thick aluminum coated panels 
have evidence of red rust staining on the surface of the aluminum. No particular sig
nificance is associated with this condition since it is a common occurrence on thin 
metallized aluminum coatings in some environments, and has existed since the initiation 
of this program." 
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Figure 11. Dismantled, painted (but not galvanized) guardrai I, rusted at overlap by entrapped moisture. 
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Table 7 of the Six Year Report shows that all unsealed aluminum coatings up to 12 -
mil thickness exposed in the industrial exposures have "some blisters." And the photo
micrograph of a tiny (0. 02-in. diameter) blister filled with a dark corrosion product is 
described on page 6: "Figure 4 is a photomicrograph showing a blister in an aluminum 

Figure 14. Deep rust penetration at pitted area in aluminum coating of Figures 12 and 13-adherent 
oxide (gray) and void left by loose oxide (black) above aluminum coating (section 125 X; unetched). 

Figure 15. Small blister at gray area in aluminum coating-structureless gray, adherent oxide under 
texturedbakelite mount material and over aluminum coating (section 125 X; unetched). 

( 
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coated panel. This blistering is not fully understood. Apparently, local cell action 
promot.As for'.al points of ::itt::i.ck either within the coating or at the interface between the 
coating and the steel base metal. .... After the corrosion products have been dispersed, 
a small pit exists ." 

Figure 16. Larger bliste r at gray area in aluminum coating-fragments of metallic aluminum coating 
lifted on massive rust from steel base (section 125 X; unetched). 

Figure 17. Rusting of base steel under intact aluminum coating at pitted area of Figures 12 and 13-
some of th e fractures in the aluminum-iron alloy layer of coating have become channels for oxidation 
process (section 625 X, after 25% reduction in reproduction; unetched after high pressure lapping on 

paper over plate glass). 
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These nodes, blisters and pits do not support the statement on page 9 of the SixYear 
Report, "In the heavily industrial environment (East Chicago) the aluminum coated panels 
exhibit no evidence of base metal corrosion." 

On the zinc coatings, Mr. Greenberg states, "Unsealed zinc coated panels which have 
0. 003-in. thick coatings and no seal coating have shown red rust at sites in industrial 
atmospheres." The Six Year Report states , "In one industrial environment the sealed 
and unsealed zinc coated panels with a coating thickness of 0. 003 in. exhibit evidence of 
base metal corrosion over a small pe rcentage of their surface areas." But the detail 
report in Table 8 has no reference to this except the statement under O. 003 -in. coating 
at East Chicago "some pinpoints of base metal corrosion on surfaces." Not even pin
points of base metal corrosion are reported for any other zinc coatings, sealed or un
sealed. 

In the absence of proof that the blistering and pitting noted for the aluminum unsealed 
coatings involves no base metal corrosion, we must conclude that unsealed aluminum 
has shown no superiority in atmospheric corrosion over unsealed zinc in this test. 

As far as integrity of the base is concerned, we have seen deep penetration of the 
base steel under thin hot dip aluminum coatings in atmospheric exposure (Figs. 12 
through 17) . Here, the characteristic failure of aluminum to maintain an anodic poten
tial to steel has permitted serious attack of the ste e l through pores in an otherwise in
tact aluminum coating. 

It is obvious that more positive evidence is needed to demonstrate that blisters in 
thes e unsea led aluminum coatings on steel contain no base metal corrosion product, 
and that the re has been no irregular penetration of the base by corrosion at these points. 

Figure 18. High pressure lap for oxidized micro-sections, or those with wide hardness and electro
potenti al ranges. 
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Obviously such penetration of the steel base can seriously impair shock and fatigue 
rpsist.::inr.P, 

We agree that the sprayed zinc coatings were improperly sealed, and we urge serious 
work on this problem. The combination of an effective sealer with a porous metal coat
ing is seen to be of value with aluminum, and would prove equally useful with sprayed 
zinc. 

The "significantly" higher initial cost of metallizing mentioned by Mr. Greenberg 
may be more readily visualized when it is realized that the cost of grit blasting, in 
preparation for metal spraying, is usually more than the entire cost of galvanizing, ex
cept on very heavy members or structures already in place. 

Because the preparation of micro-sections of partially corroded materials of differ
ent hardness is so difficult as to restrict considerably the use of this method of study, 
Figure 18 shows the method devised for lapping these specimens, mounted in bakelite , 
at a total load of 20-lb pressure, on a paper strip over plate glass, using a thin paste 
of 0.1-micron alumina, Type B, in surgeons' green soap (not a water solution). The 
specimen is first flattened with 180, 400 and 600 grit silicon carbide paper. Use of 
paper over plate glass permits periodic replacement of lap surface as it becomes charged 
with abraded material. At the 60 oscillations per minute, there is no smearing of soft 
components, and hard inclusions are flattened rather than being torn out. Usually the 
fine micro-structure of coatings is faintly apparent on the unetched polished surface. 
The absence of water avoids electrolytic attack during surfacing. 




