Ponderosa Protective Coatings™

Causes and Prevention of Paint Failure
V. APPLICATION-RELATED FAILURES

coating are essential for a proper coating application and
for an effective coating result.

Application-related failures are undoubtedly the cause
RIWKHPDMRULW\RIGLI¿FXOWLHVHQFRXQWHUHGZLWKSURWHFWLYH
coatings or paints of all types. Paints and coatings are
failure-oriented, particularly on large structures, bridges,
off-shore platforms, ships, nuclear energy plants and
similar structures, for a number of reasons.
µ7KHSDLQWLQJRUFRDWLQJRSHUDWLRQLVWKHODVWLWHPRIZRUN
RQPRVWODUJHSURMHFWV7KHFRQWUDFWRUWKHRZQHUDQGWKH
engineers are pushing to have the job completed. Many
WLPHVWKHLUFRPSOHWLRQGHDGOLQHPD\EHSDVVHGZKLFK
puts pressure on to complete the coating job as rapidly
as possible. This “get the job done fast” philosophy is a
source of many coating failures.
There is also a natural tendency on the part of people
to overlook and resist the proper cleanliness and the
proper surface preparation that is needed for an effective
FRDWLQJMRE7KHUHDUHXQWROGH[DPSOHVRIWKLVZKHUH
FKHZLQJWREDFFRFLJDUHWWHVVPDOOURFNVPXGVWHHOVKRW
and similar trash have been carefully coated over.
Most of the defects that occur in applied coatings are not
related to the coating manufacturer, a poor formulation or
WKHVHOHFWLRQRIDZURQJPDWHULDOEXWDUHSHRSOHUHODWHG
7KLVLVFDXVHGE\ODFNRINQRZOHGJHODFNRIWUDLQLQJ
and lack of understanding of the consequences of a
poorly applied coating. Other contributing factors are a
ODFNRISURSHUFRDWLQJDSSOLFDWLRQVSHFL¿FDWLRQVDQGD
ODFNRISURSHULQVSHFWLRQ&DUHLQZULWLQJWKHDSSOLFDWLRQ
VSHFL¿FDWLRQVSURSHUWUDLQLQJRIDSSOLFDWRUVFDUHLQWKH
DSSOLFDWLRQLWVHOIFDUHLQWKHLQVSHFWLRQRIWKH¿QLVKHG

1. Mixing
3DLQWDVVXSSOLHGE\WKHPDQXIDFWXUHUIRUDVSHFL¿FXVH
is usually ready for application by brushing or by spraying
ZKHQUHFHLYHGE\WKHDSSOLFDWRU6XFKSDLQWZLOOKDYHEHHQ
IRUPXODWHGWRKDYHPRUHWKDQVXI¿FLHQWGXUDELOLW\LQWKH
HQYLURQPHQWZKHUHLWLVWREHXVHGDQGQRFKDQJHVKRXOG
be made in the composition or in the adjustment of the
FRQVLVWHQF\RIWKHOLTXLGFRDWLQJXQOHVVVSHFL¿HGE\WKH
manufacturer.
For proper application, a paint must be a homogeneous
PL[WXUHDVLWZDVZKHQPDQXIDFWXUHG,QWKHPL[HG
state, the consistency of the formulation is uniform and
the pigments are evenly dispersed. During prolonged
ZDUHKRXVHVWRUDJHSLJPHQWVWHQGWRVHWWOHWRWKHERWWRP
of containers. Also, the surface of some paints may be
FRYHUHGZLWKDWRXJKVNLQ,WLVHVVHQWLDOWKDWDSDLQWEH
carefully remixed before application is attempted. All
settled pigment must be redispersed and any surface skin
must be removed. Failure to effect such complete mixing
can cause early failure of the paint system.
2. Thinning
As previously stated, the consistency of a paint or coating
is usually correct as it is received from the manufacturer.
Most manufacturers attempt to provide the liquid coating
at the proper consistency in order to prevent failures
related to thinning. There is no universal thinner for the
ZLGHUDQJHRIVRSKLVWLFDWHGFRDWLQJVWKDWDUHQHFHVVDU\
today. Improper thinning can cause many different types of
failure. As an example, mineral spirits can be tolerated by
OLTXLGYLQ\OFRDWLQJVLQFHUWDLQDPRXQWVKRZHYHULIDGGHG
H[FHVVLYHO\WRDYLQ\OFRDWLQJSRRUDGKHVLRQZLOOUHVXOW
Improper thinning of an epoxy coating can increase the
viscosity rather than reduce it. An alcohol type solvent for a
polyurethane could cause immediate jelling. While thinners
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are an essential part of any coating, they are incorporated
in the manufacture for proper application, proper leveling
on the surface and proper drying.
It is occasionally necessary to decrease the viscosity
of a paint by the addition of thinners. Such adjustment
of the consistency should be made only as directed or
advised by the manufacturer, by means of the proper
VSHFL¿HGWKLQQHUVDQGDWUDWLRVVSHFL¿FDOO\UHFRPPHQGHG
6XEVWLWXWLRQRIRWKHUWKLQQHUVIRUWKHVSHFL¿HGRQHV
VKRXOGQRWEHXQGHUWDNHQZLWKRXWFRQVXOWDWLRQZLWKWKH
suppliers; for none of the many thinners available are
generally adaptable for all paint formulations.
7KLQQHUVVKRXOGEHDGGHGVORZO\DQGZLWKFRQVWDQW
stirring. Adding a large amount all at once may result in
local over-dilution and may cause curdling of the paint or
ÀRFFXODWLRQRIWKHSLJPHQW7KLVSUHFLSLWDWLRQPD\DSSHDU
to stir in, but that portion of the mix that has curdled or
ÀRFFXODWHGLVQHYHUUHVWRUHGWRLWVRULJLQDOFRQGLWLRQ
causing early failure.
3. Atmospheric Conditions
Painters normally determine the time of application,
ZKLFKFDQFRQWULEXWHWRWKHVXFFHVVRUIDLOXUHRIWKH
coating, depending on the condition of the atmosphere.
Certainly, it is a poor decision to apply a coating before
an approaching rain squall, and yet this is often done.
3DLQWHUVKDYHDOVREHHQREVHUYHGZLSLQJFRQGHQVHG
moisture from the surface of the steel structure and then
applying the coating. Inorganic zinc coatings have been
DSSOLHGWRVWHHOVXUIDFHVZKLFKZHUHVXI¿FLHQWO\FROG
WRIUHH]HWKHZDWHUIURPWKHOLTXLGFRDWLQJPDNLQJWKH
coating useless. Water base coatings do not evaporate
SURSHUO\ZKHQWKHKXPLGLW\LVWRRKLJKRUWKHWHPSHUDWXUH
WRRORZDQGWKHFRDWLQJZLOOQRWIRUPSURSHUO\XQGHUWKHVH
conditions.

7KHFRQGLWLRQRIWKHDWPRVSKHUHZKLOHWKHSDLQWLVEHLQJ
applied and cured can contribute to its success or failure.
Paint should be applied during relatively dry conditions.
7KHUHODWLYHKXPLGLW\VKRXOGEHRUOHVVZLWKWKHGHZ
point at least 3°C (5 °F) less than the ambient metal or
surface temperature. When the metal temperature is above
38°C (100°F), precautions must be taken to make certain
that the paint or coating does not dry too rapidly. Organic
coatings tend to overspray or surface dry and blister.
,QRUJDQLF]LQFFRDWLQJVPD\IRUPDSRZGHU\VRIW¿OPWKDW
does not harden properly.
Temperature is critical for the cure of many coatings,
particularly epoxies and coal tar epoxies. Because they
are internally reactive, unless the temperature is proper,
WKH\ZLOOQRWFXUHWRDVDWLVIDFWRU\FRDWLQJ6XFKPDWHULDOV
should not be applied at temperatures less than 25°C
(60°F) except on recommendation by the manufacturer.
,WLVZLVHQRWWRSDLQWLIWKHDPELHQWWHPSHUDWXUHLVEHORZ
& ) RUOHVVWKDQ& ) DERYHWKHGHZSRLQW
$SSOLFDWLRQVKRXOGEHUHVWULFWHGWRWKRVHKRXUVZKHQWKH
WHPSHUDWXUHLVVXI¿FLHQWO\KLJKWRRIIVHWWKHSRVVLELOLW\RI
condensation of moisture during application and the drying
period.
4. Coating Thickness
$FRDWLQJLVDUHODWLYHO\WKLQ¿OPRUEDUULHUVHSDUDWLQJWZR
reactive materials: the atmosphere on one side and the
substrate on the other side. This barrier must have an
even thickness over the entire surface to be protected;
RWKHUZLVHWKHUHZLOOEHDUHDVSURQHWRHDUO\IDLOXUH
EHFDXVHWKH\DUHWRRWKLQWRVHSDUDWHSURSHUO\WKHWZR
reactive elements. Thickness, therefore, is extremely
important. Each coating should have optimum thickness,
GHSHQGLQJXSRQWKHVXUIDFHRYHUZKLFKLWLVDSSOLHGDQG
WKHDWPRVSKHUHLQZKLFKLWLVWRRSHUDWH7KLVRSWLPXP
thickness can be determined only by actual experiment or
by consulting the manufacturer of the coating.
While too thin a coating can cause early failure, an
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excessively thick coating can also cause early failure.
This is particularly true of inorganic zinc coatings.
Where they are applied too thickly, they tend to mudcrack. Internally reactive coatings, such as epoxies
and polyurethanes, tend to crack and disbond due to
LQWHUQDOVWUHVVHVZLWKLQWKHFRDWLQJEHFDXVHRIVKULQNDJH
during the curing reaction. Many such coatings have
literally pulled themselves off the surface due to excess
thickness. Any painter or coating applicator should
understand the problems arising from either too thin a
FRDWLQJRURQHZKLFKLVFRQVLGHUDEO\RYHUWKHRSWLPXP
thickness for proper use.
It must also be recognized from a practical standpoint
that the coating applicator cannot apply a completely
uniform coating, particularly to complicated structures.
&RDWLQJVSHFL¿FDWLRQVRIWHQJLYHDPLQLPXPWKLFNQHVV
VXFKDV³WKHFRDWLQJVKDOOEHDSSOLHGLQWZRFRDWVWR
DPLQLPXPRIPLOV´6XFKDVSHFL¿FDWLRQGRHVQRW
recognize the excess thickness that may result. A proper
VSHFL¿FDWLRQVKRXOGUHFRJQL]HWKHSUDFWLFDODVSHFWV
RIDSSOLFDWLRQDQGSURYLGHWKHDSSOLFDWRUZLWKDUDQJH
RIWKLFNQHVVZKLFKLIIROORZHGZLOOSURYLGHWKHSURSHU
average coating thickness for the use involved.
The thickness of a coating can be measured during
WKHDSSOLFDWLRQSURFHVVE\DZHW¿OPWKLFNQHVVJDJH
While this is not a positive instrument, it does indicate
ZKDWWKHWKLFNQHVVRIWKHFRDWLQJZLOOEHDIWHULWKDV
dried. A number of instruments provide the thickness of
the coating after it has dried. Such an instrument is an
essential part of the equipment of any paint foreman or
LQVSHFWRUZKRLVGRLQJDSURSHUMRE

5. Overspray
Overspray is a major cause of pinpoint rusting of steel
surfaces. Many modern, high-performance coatings have
a tendency to overspray unless properly applied. These
include coating types such as solvent-based inorganic
zincs, organic zincs, solvent-dry vinyls, chlorinated
rubbers, acrylics, heavy-bodied epoxies, and other similar
formulations. Overspray is the adherence of semi-dried
coating particles to the surface to be coated. The dust or
FRDWLQJSDUWLFOHGULHVSDUWLDOO\LQWKHDLUEHWZHHQWKHVSUD\
JXQDQGWKHVXUIDFHDQGGRHVQRWWKHQÀRZWRJHWKHUZLWK
or join other particles to form a continuous coating. There
DUHEDUHRUYHU\WKLQDUHDVEHWZHHQWKHVHGLVFUHWHFRDWLQJ
particles. These bare areas act the same as pinholes, and
pinpoint rusting results.
Because overspray is the result of incorrect spray
technique or improper adjustment of spray equipment, it
FDQRFFXULQDQ\FRDWIURPWKHSULPHUWRWKH¿QDOWRSFRDW
,WPD\EHFDXVHGE\WKHVSUD\JXQEHLQJKHOGWRRIDUDZD\
from the surface to be coated, being held at a long angle
to the surface rather than perpendicularly, or having been
DGMXVWHGZLWKWRROLWWOHPDWHULDOSUHVVXUHDQGWRRPXFKDLU
pressure.
With airless equipment, overspray can be caused by
WRRVPDOODJXQWLSRURQHZLWKWRRZLGHDVSUD\SDWWHUQ
Airless equipment is preferred for application of a material
ZLWKDWHQGHQF\WRRYHUVSUD\EHFDXVHWKHUHLVQRDLU
atomization involved.
The proper technique to prevent overspray requires
optimum spray gun adjustment for both air and liquid
YROXPHDQGWKHDSSOLFDWLRQRIDQHYHQZHWFRDWRYHUWKH
VXUIDFHZLWKHDFKSDVVRIWKHFRDWLQJEHLQJRYHUODSSHG
50 percent. This method ensures that any minor dry
SDUWLFOHVDWWKHHGJHRIWKHIDQDUHLQFRUSRUDWHGLQWRDZHW
coating surface.
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Existing overspray on a surface being coated must be
UHPRYHGRUSLQKROHIDLOXUHZLOODOPRVWVXUHO\RFFXU$W
EHVWDQXQVLJKWO\FRDWLQJDSSOLFDWLRQZLOOUHVXOW7KHGU\
DGKHUHQWSDUWLFOHVVKRXOGEHZLSHGVFUDSHGRUVDQGHG
IURPWKHVXUIDFHEHIRUHDSURSHUZHWFRDWLVDSSOLHGRULI
pinholing of the coat applied over existing overspray has
already taken place, the overspray area should be given
DZHWEUXVKFRDWWRZRUNWKHFRDWLQJLQWRWKHH[LVWLQJ
porous overspray area.

top coats can easily penetrate into the inorganic coating.
:KHQWKHWRSFRDWLVDSSOLHGLQWKHVXQRUXQGHUZDUP
conditions, the penetrated solvent evaporates rapidly
FDXVLQJYDSRUSUHVVXUHZLWKLQWKHLQRUJDQLF]LQFDQG
under the organic top coat. This vapor pressure may
FUHDWHVPDOOEOLVWHUVRUEXEEOHVZKLFKZKHQWKH\EUHDN
FDXVHSLQKROHVWRIRUP7RSFRDWVZLWKVORZGU\LQJ
FKDUDFWHULVWLFVRUZLWKKLJKVROLGVDQGDORZVROYHQW
content help to alleviate this condition.

6. Pinholes
Pinholing is a common type of application failure. It
may result from several causes. The formulation of the
coating itself can cause pinholes, primarily because
RILPSURSHUVROYHQWEDODQFHZKHQVROYHQWVHYDSRUDWH
too rapidly at one stage of the drying process. Another,
more common cause is Improper application, usually
during spraying. The spray gun may be held too close
WRWKHVXUIDFHZLWKH[FHVVLYHDWRPL]DWLRQSUHVVXUHRU
H[FHVVLYHPDWHULDOSUHVVXUHPD\EHFRPELQHGZLWKORZ
atomization pressure.

Pinholes are an immediate problem. Once they occur,
WKH\ZLOOSHUVLVWQRPDWWHUKRZPDQ\VXEVHTXHQWFRDWV
are applied. As one coat is sprayed over another, or over
SLQKROHVLQWKHVXEVWUDWHWKHH[LVWLQJSLQKROHVZLOODFWDV
DUHVHUYRLUIRUVROYHQWYDSRUIURPWKHIROORZLQJFRDW7KH
YDSRUSUHVVXUHLQWKHSLQKROHVZLOOWKHQFDXVHDEXEEOH
LQWKHIROORZLQJFRDWWKDWZLOOHYHQWXDOO\EUHDNOHDYLQJ
a passage to the original pinhole and the underlying
surface.

A third cause of pinholes may be the surface itself.
Concrete may already contain innumerable bugholes that
PXVWEH¿OOHGLIDQLPSHUYLRXVFRDWLQJLVWREHREWDLQHG
Pictorial descriptions of bugholes in concrete are found
in the ASTM Manual of Coating Work for Light Water
1XFOHDU3RZHU3ODQW3ULPDU\&RQWDLQPHQWDQG2WKHU
Safety-Related Facilities.
One cause of pinholing is the top coating of inorganic
]LQFSULPHUVZLWKRUJDQLFWRSFRDWV'XULQJDSHULRG
shortly after the inorganic zinc coating has been applied,
LWUHPDLQVDSRURXV¿OPDQGVROYHQWVIURPWKHRUJDQLF
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0HFKDQLFDOIRUFHLVQHFHVVDU\WR¿OOWKHSLQKROHVZLWK
OLTXLGFRDWLQJ7KLV¿OOLQJLVDFFRPSOLVKHGE\EUXVKLQJ
a coat into the pinholed area. Several passes over the
VDPHDUHDPD\EHUHTXLUHGWR¿OODOOSLQKROHV
Pinholing occurs most readily in lacquers and solvent-dry
coatings. Extra care should be taken during application of
these coatings to prevent pinholes from forming.
7. Spatter Coating
Spatter coating is caused during the spraying process
ZKHUHWKHOLTXLGFRDWLQJSDUWLFOHVKLWWKHVXUIDFHEXWWKH
QXPEHURISDUWLFOHVLVLQVXI¿FLHQWWRIRUPDFRPSOHWHDQG
FRQWLQXRXVZHWFRDW7KLVLVRIWHQFDXVHGZKHUHDSDLQWHU
GRHVQRWVXI¿FLHQWO\RYHUODSHDFKSDVVRIWKHVSUD\JXQ
RUZKHUHKHWHQGVWRÀLFNWKHVSUD\JXQDWDORQJDQJOH
to the surface at the end of his spray pass. Oftentimes,
particularly under poor lighting conditions, the surface
may look as though it is completely coated. On the other

Ponderosa Protective Coatings™

Causes and Prevention of Paint Failure
hand, once the coating has been exposed for a short
period of time, particularly on steel, general pinpoint
UXVWLQJZLOORFFXURYHUWKHDUHDZKHUHWKHVSDWWHUFRDWLQJ
H[LVWV7KHVHSLQSRLQWVRIUXVWZLOOWDNHSODFHZKHUHYHU
WKHUHLVDQRSHQLQJEHWZHHQWKHGURSOHWVRIWKHFRDWLQJ
While it doesn’t seem like this type of coating failure
VKRXOGEHFRPPRQLWLVRQHZKLFKLVTXLWHSUHYDOHQWRQ
many steel structures.
7KHDQVZHUWRWKLVOLNHPDQ\RWKHUDSSOLFDWLRQUHODWHG
failures, is care during the application process, making
certain that each pass of the spray gun is overlapped
DWZLWKWKHFRDWLQJJRLQJRQDVDZHW¿OPPDNLQJ
sure that the spray gun is held perpendicular to the
VXUIDFHDQGWKDWWKHJXQLVQRWÀLFNHGDWDQDQJOHDWWKH
end of the spray pass. Cross spraying is also a method
RIDSSOLFDWLRQZKLFKKHOSVWRSURYLGHDQHYHQXQLIRUP
coating.
8. Holidays
A painter’s holiday is any place on a structure the
painter has missed. This can be behind angles, around
ULYHWVORQJLWXGLQDODUHDVRQSLSHRUDQ\DUHDZKHUH
the coating has failed to be applied. Spatter coating is
related to holidays in that, as previously indicated, some
DUHDVRIWKHFRDWLQJDSSHDU¿QLVKHGHYHQWKRXJKWKH
coating is not continuous in that area. Holidays can be
overcome only by care on the part of the painter during
the application.
9. Cratering
&UDWHULQJLQDFRDWLQJFDQEHDPRVWGLI¿FXOWDSSOLFDWLRQ
problem. Most cratering is encountered during the
DSSOLFDWLRQRIVORZGU\LQJRUEDNHGFRDWLQJVVXFK
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as pure phenolics, epoxy phenolics, pure epoxies,
polyurethanes, etc. The internal cure coatings appear
more susceptible to this phenomena than faster drying
coatings such as vinyls and chlorinated rubbers. Cratering
can be caused by several different conditions.
D One of the most common causes is oil in the blasting
RUDWRPL]LQJDLU+HUHWKHFRQGLWLRQZLOOEHJHQHUDODQG
caused by minute droplets of the incompatible oil on the
surface or incorporated into the liquid coating during
application.
E Minute particles of dust or contamination from the
atmosphere may cause pinholes. They can fall on the
surface either before or during the application and may
FRPHIURPVWHDPEORZRIIGXVWRUVRRWIURPERLOHUVWDFNV
fall out from paper mills, fertilizer plants or other similar
operations. Fallout from jet aircraft around airports may
cause problems.
F  6RPHFUDWHULQJKDVEHHQIRXQGZKLFKLVGXHWR
WKHYDULRXVSURWHFWLYHVNLQFUHDPVXVHGE\ZRUNPHQ
during the surface preparation or other sources during
application of the coating. Silicone creams are particularly
GLI¿FXOW&UDWHULQJLQWKHVHLQVWDQFHVLVXVXDOO\ORFDOL]HG
and due to contamination of the surface by those
PDWHULDOV0RVWVLOLFRQHUHVLQVDUHLQFRPSDWLEOHZLWKRWKHU
coating vehicles thereby causing craters to occur.
&UDWHULQJFDQEHGH¿QHGDVWKHIRUPDWLRQRIVPDOOERZO
shaped depressions at a point of contamination on the
surface. The craters are caused by the surface tension of
the coating being greater than the surface tension of the
FRQWDPLQDQW$UHSHOOLQJRIWKHFRDWLQJDZD\IURPDSRLQW
GXHWRDGLIIHUHQFHLQVWDWLFFKDUJHEHWZHHQDSDUWLFOH
DWWKHSRLQWDQGWKHFRDWLQJLWVHOIZLOOFDXVHDFUDWHU$W
WLPHVWKHFRDWLQJLWVHOIPD\EHWKHFDXVHRIWKHGLI¿FXOW\
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KDYLQJVXI¿FLHQWVXUIDFHWHQVLRQVRWKDWKHDY\DUHDVRI
WKHFRDWLQJZLOOWHQGWRSXOOWRJHWKHU
Irrespective of the cause, failure of the coating can be
H[SHFWHGLQWKHORZDUHDVRIWKHVHFUDWHUVXVXDOO\LQWKH
form of pinpoint rusting starting at that point.
2QFHWKHFUDWHULQJKDVRFFXUUHGLWLVGLI¿FXOWWR
overcome inasmuch as a second coat applied over
the same area may again crater in the same spot. The
procedure suggested in these cases is to physically
roughen the cratered area by hand sanding or other
means, and then apply the coating over the area by
EUXVKZRUNLQJWKHFRDWLQJLQWRWKHFUDWHUHGDUHDVLQ
order to physically coat the bottoms of the craters and
PDNHVXUHWKDWWKHFRDWLQJWKRURXJKO\ZHWVWKHVXUIDFH
Where this is not practical or it does not prevent the
cratering, the coating must be removed and the surface
reprepared, making sure that the cause of cratering is
eliminated before applying the repair coating.
10. Bleeding
This is the transfer of a soluble colored pigment or
YHKLFOHLQDGULHG¿OPWRDVXEVHTXHQWO\DSSOLHGWRSFRDW
It may also be the discoloration caused by the diffusion of
soluble ingredients in the substrate.
7RFRUUHFWWKLVVLWXDWLRQFRDWWKH¿OPFRQWDLQLQJWKH
EOHHGLQJLQJUHGLHQWZLWKWZRFRDWVRIDVHDOHULQZKLFK
WKHEOHHGHULVLQVROXEOH$QDOXPLQXPRUHPXOVLRQ¿QLVK
RYHUDVSKDOWYHKLFOHVRUVROYHQWW\SHSULPHUVRYHUZRRG
substrates are examples. For areas of serious corrosion
DQ\VHDOLQJPDWHULDOPXVWEHVHOHFWHGZLWKFDUHWRPDNH
sure of compatibility and proper adhesion.

11. Blushing
7KLVLVWKHKD]LQJRUZKLWHQLQJRID¿QLVKDVWKHUHVXOW
of absorption and retention of moisture formed on the
¿OPGXULQJRULPPHGLDWHO\DIWHUVSUD\LQJ,WLVQRUPDOO\
restricted to lacquers. Correction of this problem is not
DOZD\VSRVVLEOHZLWKRXWUHGXFLQJKXPLGLW\KRZHYHU
UHFRDWLQJXVLQJDPLVWFRDWRIUHWDUGHURUDVORZHU
evaporating reducing thinner may help. Correct air
pressure at the gun is important. Avoid using higher air
SUHVVXUHWKDQQHHGHGDVWKLVZLOOFDXVHUDSLGHYDSRUDWLRQ
and thereby increase moisture condensation.
12. Lifting
7KLVXVXDOO\RFFXUVZKHQWKHVROYHQWVLQDWRSFRDWDWWDFN
DQGVZHOOWKHSUHYLRXVO\DSSOLHG¿OPUHVXOWLQJLQGLVWRUWLRQ
EOLVWHUVRUWKHIRUPDWLRQRIDZULQNOHG¿QLVK,WPD\DOVR
EHFDXVHGE\ZD[RQWKHVXUIDFHXVHRILQFRUUHFWWKLQQHU
SRRUGU\RIXQGHUFRDWVRUSRRUDGKHVLRQRIROG¿OP
7RFRUUHFWUHPRYH¿QLVKIURPDIIHFWHGDUHDVDQGUH¿QLVK
0DNHVXUHVXUIDFHLVFOHDQDQGGU\$OORZORQJHUGU\LQJ
time before recoating the undercoat. Make sure the
VROYHQWLQWKHWRSFRDWLVFRPSDWLEOHZLWKWKHSUHYLRXVFRDW
or undercoat before recoating.
13. Orange Peel
This is a bumpy pattern inherent in nearly all sprayed
¿OPVFDXVHGE\HLWKHUWKHVSUD\SDWWHUQRUWKHGU\LQJ
FKDUDFWHULVWLFVRIWKH¿QLVK,WLVDQDSSHDUDQFHSUREOHP
and should not cause coating failure.
If the degree of orange peel is objectionable, then
LPSURYHPHQWLQÀRZFDQEHREWDLQHGIURPEHWWHUVSUD\LQJ
WHFKQLTXHDSSOLFDWLRQRIDJRRGZHW¿OPRUDGGLWLRQRID
VPDOODPRXQWRIVORZHUVROYHQWV
14. Runs or Sags
5XQVDUHGRZQZDUGPRYHPHQWVRIDSDLQW¿OPUHVXOWLQJ
ZKHQH[FHVVPDWHULDOFRQWLQXHVWRÀRZDIWHUWKH
surrounding surface has set.
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6DJVDUHGRZQZDUGPRYHPHQWVRIDSDLQW¿OPEHWZHHQ
the times of application and setting resulting in a “curtain”
appearance.
Both of these problems may be caused by the use of too
PXFKZHWSDLQW&RDWLQJVIDLOXUHFDQRFFXUEHFDXVHRI
thin coating above the sag or run.
Reduce material according to label directions, apply
WKLQQHUFRDWLIUROOHGRUEUXVKHGRQ5HJXODWHÀXLG
DGMXVWPHQWRQWKHVSUD\JXQWRFXWGRZQÀRZRIPDWHULDO
Make sure temperature of surface and coating are at
acceptable level.
If runs or sags are objectionable, the surface should be
UHPRYHGZLWKVROYHQWRUVDQGHGVPRRWKDQGUH¿QLVKHG
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VI. DESIGN-RELATED FAILURE
Many coating failures occur because of the design of the
structure. Unfortunately, most structures are not designed
ZLWKWKHSDLQWLQJRUFRDWLQJSURFHVVLQPLQG7KLVEHLQJ
the case, many failures are due not to the coating or its
DSSOLFDWLRQEXWPHUHO\WRGLI¿FXOWSUREOHPVRIDSSOLFDWLRQ
created by the design. Where there are design problems
WKDWPDNHDVWUXFWXUHGLI¿FXOWWRFRDWDGHTXDWHO\
proper selection of the coating and careful and proper
application can overcome many of the inherent problems
created by the design.
)ROORZLQJDUHDQXPEHURIW\SLFDODUHDVSULPDULO\RQ
VWHHOVWUXFWXUHVZKHUHFRDWLQJSUREOHPVDUHPXFKPRUH
prevalent than on plain surfaces.
1. Edges
(GJHVDUHDOZD\VDSUREOHPRQVWUXFWXUHVXVLQJ
VWHHOVKDSHVZKHUHWKHQXPEHURIOLQHDOIHHWRIHGJH
compared to the plain surface is large. The edges of
VKHDUHGSODWHDUHRQHRIWKHZRUVWDUHDVEHFDXVHWKH\
are very sharp. The rounded edges of steel shapes,
such as on I-beams, H-beams and angles are less of a
SUREOHPKRZHYHUDOPRVWLQYDULDEO\ZKHUHIDLOXUHRFFXUV
RQDVWHHOVKDSHLWZLOOEHRQWKHHGJH¿UVW
One cause is that many of the more sophisticated
coatings, such as vinyls, epoxies or polyurethanes, have
a high surface tension and also tend to shrink during
curing. A high surface tension of the coating tends to pull
WKHFRDWLQJDZD\IURPDQHGJHLQPDQ\FDVHVOHDYLQJ
an extremely thin coating at that point. This being the
case, failure is inherent along the edge. On I-beams,
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angles and similar shapes, the applicator more often
WKDQQRWVSUD\VRQWKHSODLQVXUIDFHZKLOHWKHHGJHLVDW
a tangent to the spray and only becomes spatter coated,
HYHQWKRXJKLWPD\ORRNZHOOFRYHUHG
Horizontal surfaces on structural shapes (I-beams, Hbeams, etc.) tend to accumulate dust, dirt and chemical
IXPHVWKDWÀRZWRZDUGDQHGJHZKHQDQ\FRQGHQVDWLRQ
or precipitation occurs. As a result, a relatively strong
chemical deposit forms and remains on the edge. Such
a situation makes the edge even more susceptible to
coating failure.
There should be a direct application of the coating to
edges prior to applying an overall coat to the structure.
(GJHVVKRXOGEHGRXEOHFRDWHGZLWKHDFKLQGLYLGXDO
FRDW7KLVSURFHGXUHZLOOKHOSWRPDLQWDLQDIXOOFRDWLQJ
thickness in these areas.
2. Deep square corners
These areas are on the interior of angles and on the
interior angle of H-beams, I-beams and very often on
EXLOWXSFRPSOLFDWHGVWHHOVHFWLRQV7KHUHDUHWZR
SUREOHPV7KH¿UVWLVWKDWWKHVHDUHDVZLOODFFXPXODWHGLUW
DQGGXVWDQGHYHQWKRXJKWKHVXUIDFHLVZHOOSUHSDUHG
by abrasive blasting, dust seems to accumulate in these
areas to a greater degree than on the plain surfaces. It is
DOVRPRUHGLI¿FXOWWRUHPRYH:KHQDFRDWLQJLVDSSOLHG
over dust or dirt in these areas shrinkage and oftentimes
actual cracking of the coating occurs, creating an area for
immediate failure.
Second, even though the surface is thoroughly clean and
free from dust, these areas more often than not receive
a heavy coat because of the application of the coat to
WKHÀDWDUHDVZLWKWKHVSUD\RYHUODSSLQJLQWRWKHFRUQHU
This can create the coating thickness on the interior
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FRUQHUZKLFKLVJUHDWHUWKDQUHFRPPHQGHGIRUWKHÀDW
VXUIDFH'XULQJFXULQJDQGZKHQVKULQNDJHRFFXUVWKH
FRDWLQJPD\WHQGWRSXOOLWVHOIDZD\IURPWKHLQWHULRU
FRUQHUFUHDWLQJDYHU\WKLQ¿OPRUDYRLGXQGHUQHDWKWKH
coating. Although the coating may look continuous, if it
is exposed to serious corrosive conditions or immersion,
failure occurs by moisture penetration into this area. The
XOWLPDWHFUDFNLQJDQGEUHDNLQJRIWKH¿OPRFFXUVDWWKLV
point.
7RRYHUFRPHWKLVGHVLJQGLI¿FXOW\DSSO\WKLQPXOWLSOH
FRDWVWRWKHGHHSFRUQHUDOORZLQJHDFKFRDWWRGU\EHIRUH
a second coat.
3. Discontinuous areas
These areas are located around rivets, boltheads,
threads and similar areas. The cause of failure is similar
to that of sharp edges and corners. Careful application
can eliminate discontinuities in these areas.
A brush coat should be applied on all sides and edges of
the discontinuous area prior to applying the overall spray
coat. A brush coat is preferable to spray for the initial
application as the physical action of brushing forces the
FRDWLQJLQWRFUHYLFHVDQGRWKHUVPDOORSHQLQJVZKHUHWKH
VSUD\FRDWZLOOQRWUHDFK
4. Welds
7KHUHDUHOLWHUDOO\PLOOLRQVRIOLQHDOIHHWRIZHOGVLQPDQ\
VWUXFWXUHV5HODWLYHO\VPRRWKPDFKLQHZHOGVFUHDWHIHZ
problems. Even so, there can be undercuts along edges
WKDWVKRXOGEHZDWFKHG
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+DQGZHOGVLQSDUWLFXODUUHTXLUHPRUHFDUHWKDQSODLQ
VXUIDFHV7KHVHZHOGVDUHPXFKURXJKHUWKDQPDFKLQH
ZHOGVDQGPD\KDYHGHHSXQGHUFXWVDQGKROHVDORQJ
WKHHGJHVZLWKZHOGVSDWWHURQDGMDFHQWVXUIDFHVDQGLQ
some cases, very rough, sharp protrusions. All of these
are focal points for corrosion and for coating failure.
:HOGVSDWWHUVPDOOEDOOVRIPHWDODUHVSDWWHUHGDZD\IURP
WKHZHOGSURSHUGXULQJWKHZHOGLQJSURFHVV7KH\DUH
DOZD\VIRFDOSRLQWVIRUIDLOXUH0DQ\WLPHVWKH\DUHOLJKWO\
adherent and provide not only protrusions, but undercuts
DVZHOO:HOGVSDWWHUPXVWEHUHPRYHGIURPWKHVXUIDFH
IRUDSURSHUFRDWLQJMRE7KHVHDUHQRWDOZD\VUHPRYHG
E\VDQGEODVWLQJ2QFHWKHVXUIDFHLVSUHSDUHGKRZHYHU
LWLVWKHUHFRPPHQGHGSURFHGXUHWREUXVKFRDWDZHOG
ZRUNLQJWKHFRDWLQJLQWRDOORIWKHURXJKDUHDVEHIRUH
applying the overall coat to the plain surface. This aids
materially in preventing premature failure at that point.
:KHUHZHOGVDUHWUHDWHGLQWKLVPDQQHURIWHQWLPHVWKH
SODLQVXUIDFHRIDFRDWLQJZLOOIDLOEHIRUHWKHDUHDRIWKH
ZHOG
5. Skip welding
2YHUODSSLQJSODWHVDQGURRISODWHVDUHRIWHQVNLSZHOGHG
The reinforcing ring around the top of a tank may be
VNLSZHOGHG$QJOHVDQGVLPLODUVKDSHVDUHVNLSZHOGHG
ZKHUHDFRQWLQXRXVZHOGLVQRWQHFHVVDU\IRUXOWLPDWH
VWUHQJWK)URPDFRDWLQJVWDQGSRLQWZKHUHYHUVHULRXV
FRUURVLYHFRQGLWLRQVH[LVWVNLSZHOGVDUHDQLQYLWDWLRQWR
coating failure and very inadequate surfaces for proper
coating even in mild environments. Water and moisture
DFFXPXODWHEHWZHHQWKHSODLQVXUIDFHVRIWKHSODWHV7KH
VNLSZHOGGRHVQRWNHHSRXWWKHPRLVWXUH,WLVDOPRVW
LPSRVVLEOHWRDSSO\DFRDWLQJWRWKHFUHYLFHEHWZHHQWKH
VNLSZHOGVDQGWRREWDLQDVDWLVIDFWRU\FRUURVLRQUHVLVWDQW
coating at that point.
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7KHRQO\SUDFWLFDODQVZHULVFRPSOHWHZHOGLQJRIDOOWKH
seams to insure proper coating life in corrosive areas
DQGWRPDLQWDLQJRRGDSSHDUDQFHZLWKRXWUXVWVWDLQV
even under milder conditions. Caulking may even be
necessary in some cases.

ZLOOIDLOHYHQXQGHUPLOGFRQGLWLRQV,IWKHFRDWLQJLVWREH
applied after construction, it is necessary to raise the roof
E\ZHGJHVDQGSUHSDUHWKHVXUIDFHWRFRDWLQWKHEHVW
manner possible. This area is particularly vulnerable due
to moisture condensation.

6. Back to back angles
0DQ\VWHHOEXLOGLQJVKDYHWUXVVHVODWWLFHZRUNDQG
VLPLODUDUHDVFRQVWUXFWHGIURPDQJOHVZKLFKDUH
placed back to back. In some instances, the angles
DUHSUHFRDWHGE\JDOYDQL]LQJRUZLWKLQRUJDQLF]LQF
+RZHYHULQDQ\VHYHUHO\FRUURVLYHHQYLURQPHQWHYHQ
WKLVSURFHGXUHLVSURQHWRIDLOXUHDQGH[WUHPHO\GLI¿FXOW
to protect properly by the use of coatings. The area
EHWZHHQWKHDQJOHVLVGLI¿FXOWWRFOHDQDQGLPSRVVLEOH
WRFRDWSURSHUO\:KHUHVXFKGHVLJQVH[LVWDQGZKHUH
FRUURVLRQGLFWDWHVWKHRQO\SUDFWLFDODQVZHULVWR¿OODOORI
WKHYRLGVSDFHVEHWZHHQWKHDQJOHVZLWKDSODVWLFPDVWLF
or caulking compound and then apply a compatible
coating over it. This, at best, is a stop-gap measure
and is no substitute for the use of “T” shapes or pipe for
VWUXFWXUHVZKHUHFRUURVLYHFRQGLWLRQVH[LVW

7KHVHFRQGDUHDLVWKHFUHYLFHEHWZHHQWKHODSSHG
URRISODWHV*HQHUDOO\WKHURRISODWHVDUHZHOGHGRQWKH
H[WHULRUZLWKWKHODSRQWKHLQWHULRU,QWKLVUHVHUYRLUIRU
corrosive solutions failure takes place rapidly.
$FRDWLQJFDQQRWSUHYHQWFRUURVLRQZLWKWKLVW\SHRI
construction. Where a coating is required on the interior of
VXFKDWDQNURRISODWHVVKRXOGEHEXWWZHOGHGRUVKRXOG
EHZHOGHGRQHDFKVLGHRIWKHODSVRWKDWDFRQWLQXRXV
coating is possible.

7. Storage tanks
0DQ\VWRUDJHWDQNVDUHFRQVWUXFWHGZLWKFRQHRU
XPEUHOODW\SHURRIVZKHUHWKHUHLVXVXDOO\DFHQWHUSROH
ZLWK,EHDPUDIWHUVH[WHQGLQJRXWWRWKHHGJHRIWKHWDQN
,QDGGLWLRQWRWKHPDQ\FRUQHUVHGJHVZHOGVEROWVDQG
ULYHWVWKHUHDUHWZRSDUWLFXODUO\GLI¿FXOWDUHDVIURPWKH
VWDQGSRLQWRIWKHLQWHULRUFRDWLQJRIVXFKWDQNV7KH¿UVW
LVWKHVWHHOEHWZHHQWKH,EHDPUDIWHUDQGWKHVWHHOURRI
plate. Here the steel plate is merely laid on the rafter, and
unless the coating is applied to the underside of the plate
and the top-side of the rafter prior to installation, this area
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8. Pipe structures
Much of the construction of off-shore platforms is done
ZLWKSLSHWRPLQLPL]HFRDWLQJIDLOXUHDQGFRUURVLRQ3LSH
SURYLGHVDSODLQVXUIDFHZLWKQRVKDUSFRUQHUVRUHGJHV
VXEMHFWWRHDUO\IDLOXUH,WZRXOGVHHPWKHUHIRUHWKDWSLSH
ZRXOGEHDQLGHDOW\SHRIVXUIDFHWRFRDW7KHUHFDQEH
SUREOHPVKRZHYHUSULPDULO\RQHVRIDSSOLFDWLRQ
If failure occurs, other than at a joint, it is usually
ORQJLWXGLQDOZLWKWKHSLSH7KLVLVFDXVHGE\LQVXI¿FLHQW
overlapping of the spray passes during the coating
process. In coating pipe, it is essential that each spray be
overlapped at least 50%. With large pipe, this means that
there are numerous passes required in order to obtain a
holiday-free coating.
,QDGGLWLRQWRDUHDVZKHUHSLSHLVXVHGDVWKHSULQFLSDO
construction member, there may be hundreds of miles of
SLSHXVHGLQDVLQJOHLQGXVWULDOSODQWDOORIZKLFKUHTXLUH
coating. Here, in addition to the cylindrical structure,
WKHUHDUHSLSHÀDQJHVYDOYHVWKUHDGHGMRLQWVEROWV
pipe hangers and pipe racks. These areas have all of the
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IRFDOSRLQWVIRUFRUURVLRQZKLFKKDYHEHHQSUHYLRXVO\
GLVFXVVHGDQGZKHUHYHUFRUURVLRQLVDIDFWRUFDUHPXVW
EHWDNHQWRPDNHVXUHWKDWDOORIWKHGLI¿FXOWDUHDVDUH
IXOO\FRDWHG0XFKSLSHXVHGIRUQHZFRQVWUXFWLRQFRPHV
ZLWKDIDFWRU\DSSOLHGWHPSRUDU\FRDWLQJ7KLVPXVWEH
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removed by abrasive blasting for proper coating adhesion
and performance. Care in the surface preparation and
FDUHLQWKHDSSOLFDWLRQRIWKHFRDWLQJDUHWKHRQO\DQVZHUV
to a satisfactory coating job.
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VII. FAILURE BY EXTERIOR FORCES
In almost all coating failures exterior forces are involved,
VLQFHWKHHQYLURQPHQWLQZKLFKWKHFRDWLQJRSHUDWHVLV
WKHSULPDU\FDXVHRIIDLOXUH,IWKHUHZHUHQRH[WHULRU
corrosive environment, then no coating failure could
RFFXUHYHQWKRXJKWKHUHZHUHFRDWLQJLPSHUIHFWLRQV,Q
WKLVVHFWLRQKRZHYHURUGLQDU\DWPRVSKHULFFRQGLWLRQVDUH
not considered, since it is taken for granted that coatings
PXVWZLWKVWDQGPRVWH[WHULRUFRQGLWLRQVLQFOXGLQJPDULQH
conditions.
1. Chemical failure
Chemicals are the most obvious exterior force that can
cause the failure of coatings, since the chemical industry,
considered in its broadest scope, is one of the largest,
LIQRWWKHODUJHVWLQGXVWU\ZKHUHVHYHUHFRDWLQJIDLOXUHV
can occur. There are literally thousands of different
FKHPLFDOVWRZKLFKDFRDWLQJPD\EHH[SRVHGDQGWKLV
being the case, it is understandable that there are also
hundreds of specialty coatings that have been developed
to resist attack by these chemicals.
The attack may be by simple solution of the coating,
UHDFWLQJZLWKWKHFRDWLQJWRUHQGHULWXVHOHVVRU
chemicals may actually penetrate the coating and cause
corrosion to the steel underneath. Attack by volatile
acids, such as hydrochloric and nitric, often cause the
latter failure. The caustic chlorine industry and the rayon
industry can cause coating failures both by actual coating
DWWDFNDQGE\SHQHWUDWLRQDQGXQGHU¿OPFRUURVLRQ7KH
interior and exterior of tank cars, specialty tankers and
VWRUDJHWDQNVLQWHUPLQDOVDUHDOODUHDVZKHUHFKHPLFDO
attack of coating is common.

There is no universal solution to the problem. Each
FRQGLWLRQPXVWEHFRQVLGHUHGRQLWVRZQ7KHSURSHU
coating must be selected. The best surface preparation
must be used and a defect-free application obtained. An
improper coating selection or improper application of the
right coating can be disastrous.
2. Erosion and abrasion
These are exterior forces that can cause coating failure.
2QHH[DPSOHLVHURVLRQE\VDQGDQGZDYHDFWLRQRI
coatings applied to steel piling on beaches.
6DQGHURVLRQE\ZLQGLVDQRWKHUH[DPSOH2WKHU
examples are the abrasion on the interior of hopper cars,
interior abrasion in pipe lines due to particulate matter in
WKHOLTXLGRUDEUDVLRQRQÀRRUVE\ZKHHOHGWUDI¿F7KH
moving and handling of many fertilizers can cause both
abrasion failure and chemical failure of the coating. In
such cases, specialty coatings must be selected to resist
WKHDEUDVLRQDQGHURVLRQDVZHOODVWKHQRUPDOFRUURVLRQ
ZKLFKPLJKWEHH[SHFWHGVKRXOGWKHFRDWLQJZHDUWKURXJK
3. Faying surfaces
&RDWLQJIDLOXUHVFDQRFFXUZKHUHMRLQWVLQVWHHOVWUXFWXUHV
are formed by riveting or by the use of high strength bolts.
Such joints are common on bridges and in many open
VWHHOZRUNSODQWVVXFKDVUH¿QHULHVDQGFKHPLFDOSODQWV
If there is a crevice at the joint, the coating applied to the
VXUIDFHFDQIDLODWWKDWSRLQWDOORZLQJDFFHVVWRPRLVWXUH
RUFKHPLFDOVZLWKUHVXOWLQJFRUURVLRQ0RVWFRDWLQJVDUH
XQVXLWDEOHIRUXVHZLWKLQWKHMRLQWLWVHOIDVWKH\GRQRW
SURYLGHWKHSURSHUFRHI¿FLHQWRIIULFWLRQWRPDLQWDLQWKH
joint in a static condition. Even galvanized surfaces do not
KDYHVXI¿FLHQWFRHI¿FLHQWRIIULFWLRQWRSURYLGHDSURSHU
joint.
In the past, most joints have been made on a steel to
steel basis in order to obtain the proper friction resistance.
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5HFHQWO\KRZHYHULWKDVEHHQGHWHUPLQHGWKDWLQRUJDQLF
zinc silicate coatings have adequate friction resistance
DQGFDQEHXVHGDVDFRDWLQJEHWZHHQWKHFRQWDFW
surfaces in riveted and bolted joints. The use of the
LQRUJDQLF]LQFFRDWLQJDVDEDVHFRDWLQJZLWKLQDQG
outside of the joint provides an excellent corrosion
UHVLVWDQWDQVZHUIRUFRDWLQJEROWHGRUULYHWHGVWUXFWXUHV
When there is liquid penetration at such joints, crevice
corrosion can occur due to the oxygen concentration
cell effect, especially if dissimilar metals make the steel
surface cathodic to the bolt of high-strength steel.
VIII. SUMMARY
Coating failures may be caused by the coating
IRUPXODWLRQRUWKHPDWHULDOVIURPZKLFKLWLVPDGHE\WKH
basic characteristics of the surface coated; by improper
surface preparation; by the design of the structure
coated; or by poor coating application procedures.
Coating failures can be prevented only by using the
proper material for the job, and by care in the application
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to achieve complete, uninterrupted coating coverages
irrespective of the built-in problems of the design and
PDWHULDOVRIFRQVWUXFWLRQ2QDQ\FRDWLQJMREWKHIROORZLQJ
procedures are recommended to assure coating success.
1. Analyze the exposure and the structure, and specify
WKHPDWHULDOZKLFKZLOOSURSHUO\PHHWWKHFRQGLWLRQV'R
not compromise on price or quality. The material is the
least costly item of a coating application.
 8VHDGHWDLOHGVSHFL¿FDWLRQFRYHULQJWKHPHWKRGRI
surface preparation and the application of the coating. A
JHQHUDOVSHFL¿FDWLRQLVQRWDGHTXDWH
3. Make a detailed inspection of the surface preparation
DQGWKHDSSOLFDWLRQSURFHGXUHVWRDVVXUHFRQIRUPLW\ZLWK
WKHVSHFL¿FDWLRQLQQXPEHUVDQGDERYH
Irrespective of the structure or the corrosive conditions, a
VWURQJVSHFL¿FDWLRQDQGJRRGIROORZXSLQVSHFWLRQDUHWKH
WZRPRVWLPSRUWDQWNH\VWRDVXFFHVVIXODQGIDLOXUHIUHH
coating job.

