CHAPTER 5. DETERI ORATI ON OF COATI NGS
Section 1. NORVAL DETERI ORATI ON

5.1.1 GENERAL. Paints are not indestructible. Even properly selected pro-
tective coatings correctly applied on well prepared surfaces will gradually
deteriorate and eventually fail. However, the rate of deterioration under
such conditions is slower than when inproper painting operations are carried
out. Inspectors and personnel responsible for maintenance painting nust be
fam liar with the signs of various stages of deterioration in order to estab-
lish an effective and efficient system of inspection and progranmed painting.
Repai nting at the proper tinme avoids the problens resulting from painting
either too soon or too late. Painting scheduled before it is necessary is
uneconom cal and eventually results in a heavy filmbuild-up |eading to abnor-
mal deterioration of the paint system Painting scheduled too |late results in
costly surface preparation and may be responsible for damage to the structure,
whi ch then may require expensive repairs.

5.1.2 EXTERI OR DETERI ORATI ON. Paints which are exposed outdoors nornally
proceed t hrough two stages of deterioration: generally, a change in appear-
ance followed by a gradual degradation. |If repainting is not done in tine,

di sintegration of the paint then takes place followed ultimtely by deteriora-
tion of the substrate.

5.1.2.1 Change in Appearance. The first stage of deterioration shows up
as a change in appearance of the coating with no significant effect on its
protective qualities. This change in appearance may result from any one or a
conbi nati on of the foll ow ng depending on the type and col or of the paint used
and the conditions of exposure:

a. Soiling: Exterior coatings normally gather dirt and becone increas-
ingly soiled. Among the nost common sources of soil are rain-washed dirt from
roofs, gutters or overhangs, snoky air, pollen, salt residues, and sap drip-
pings fromtrees. Soiling increases as the paint becomes flat and sonmewhat
rough; this is preval ent under overhangs where it is protected from washdown
by rain. Dirt pickup is greater with softer paints such as linseed oil paints
and is nore visible on white or light colored paints. Soiling is |ess evident
on paints which chalk rapidly since the dirt is readily washed off with the
chal k during rain storms (See Figure 5-1.)

b. Col or Change: Many colors, especially the brighter ones, fade and
turn duller with tine; tinted paints become paler. Fading is aggravated
chal ki ng since the chal k produced is generally white or very light and masks
the color. Enanmels and |latex paints fade less rapidly than the softer |inseed
oil paints. Wites, especially those based on linseed oil, will yellowin
areas protected from sunlight.

c. Flatting: Gossy paints lose their gloss and eventually turn flat
with age. This is a sign of initial breakdown of the vehicle at the surface
of the paint. Loss of gloss is soon followed by chal king. Enanels flatten
(and chal k) less rapidly than the softer |linseed oil paints.

5.1.2.2 Degradation. The second stage of nornal deterioration occurs
after continued exposure. The coating begins to break down, first at the
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FI GURE 5-1
Soiling or Dirt Collection (Upper Panel)

surface, then, unless repainted, gradually through the coating and down to the
substrate. There are two types of degradati on which may take pl ace--chal ki ng,
and checking and cracking; the degree of either depends on the type of paint
and the severity of exposure.

a. Chalking: Chalking is the result of weathering of the paint at the
surface of the coating. The vehicle (binder) is broken down (deteriorated) by
sunlight and ot her destructive influences, |eaving |oose, powdery pignent at
the surface which can easily be rubbed off with the fingers (Figure 5-2).
Chal ki ng takes place nore rapidly with softer paints such as those containing
linseed oil as the vehicle (binder). Chalking is nore rapid in areas exposed
to large amounts of sunshine. For exanmple, in the northern hem sphere, chal k-
ing will be nmost rapid on the south side of the building. On the other hand,
chal king will be less in areas protected from sunshine and rain such as under
eaves or overhangs or even the north side of a building. Controlled chalking
can be an asset, especially in white paints, since it is a self-cleaning proc-
ess and hel ps to keep the surface clean and white. Furthernore, by gradually
wearing away, it reduces the thickness of the coating, thus decreasing exces-
sive build up of the paint film However, do not use a chal king or self-
cl eani ng paint above natural brick or other porous masonry surfaces as the
chal king wi Il wash down and stain or discolor these areas. Mintenance paint-
ing over exterior chal ked surfaces is one of the main causes of premature
paint failures. The adhesion of water-thinned paints applied to chal ky
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FI GURE 5-2a
Sever e Chal ki ng

FI GURE 5-2b
A Chal ky- Masonry Surface
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surfaces is poor (See Figure 5-3). However, even solvent-thinned paints do
not adhere well to heavily chal ked surfaces (See Figure 5-4). It is inportant
to clean off as much chalk fromthe surface as possible before repainting.

(On concrete and masonry surfaces, the conditioner, TT-P-620, may be used on
prepared chal ky painted masonry to give good adhesion to subsequently applied
paint). As stated in CEGS-09910, the chalk should be renmoved so that when
tested in accordance with ASTM D 659, the chal k resistance rating should be no
| ess than eight. Figure 5-5 illustrates the nunerical ratings of degrees of
chal k. The chal k resistance ratings of the building shown in Figures 5-3 and
5-4 were six or less. Also, these photographs were taken within 1 year after
repainting. Thus, it is strongly recomrended to neasure the chal k resistance
ratings of the prepared surfaces prior to repainting. The Jacobsen Chal k
Tester is a convenient instrument to nmeasure degrees of chal k on painted
surfaces (Figure 5-6, Jacobsen Chal k Tester). The instrument is operated by
hand to transfer chalk froma weather painted surface to a felt tape of
contrasting color. The instrunent is spring operated so that reproducible
results may be obtained by the sane or different operators. Felt tapes,
either black or white, are used to record the chalk mark. The chalk spot is
then compared visually with an appropriate photographic standard (See Figure
5-5).

b. Checking and Cracking: Checking and cracking describe breaks in the
paint filmwhich are formed as the paint becomes hard and brittle. Tenpera-
ture changes cause the substrate and overlying paint to expand and contract.
As the paint beconmes hard, it gradually loses its ability to expand wi thout
breaking to some extent. Checking is described as tiny breaks which take
pl ace only in the upper coat or coats of the paint filmwthout penetrating to
the substrate. The pattern is usually simlar to a crowsfoot (See Figure 5-
7). Cracking describes |arger and | onger breaks which extend through to the
substrate. (See Figure 5-8.) Both are a result of stresses in the paint film
whi ch exceed the strength of the coating. Wereas checking arises from
stresses within the paint film cracking is caused by stresses between the
filmand the substrate. Cracking will generally take place to a greater
extent on wood than on other substrates because of its grain. Wen wood
expands, it expands nuch nore across the grain than along the grain. There-
fore, the stress in the coating is greatest across the grain causing cracks to
formparallel to the grain of the wood. Checking and graining area aggravated
by excessively thick coatings because of their reduced elasticity.

5.1.2.3 Disintegration. As the coating degrades, it finally reaches the
poi nt of disintegration. The type of disintegration which takes place is the
| ogi cal result of each form of degradation described in 5.1.2.2.

a. FErosion: As chalking continues, the entire coating wears away or
erodes and becones thinner. Eventually, it becomes too thin to hide the sub-
strate. Then patches of substrate are laid bare. For exanple, the grain of
wood substrates begins to show through (See Figures 5-9 and 5-13.)

b. Crunbling: |If the cracks are relatively small, the noisture pene-
trating through the coating will cause small pieces of the coating to | ose
adhesion and fall off the substrate. (See Figure 5-10).

c. Flaking and Peeling: |If the cracks are large, the eventual result is
the nost rapid nmethod of deterioration--flaking and peeling. The penetrating
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FI GURE 5-3
Fail ure of Water-Thinned Paint to Adhere to Chal ky
Sur f ace

noi sture | oosens relatively |large areas of the coating. The paint then curls
slightly, exposing nore of the substrate and finally flakes off. Peeling is
an aggravated formof flaking in which |large strips of paint can be easily
renoved. (See Figure 5-11.)

5.1.2.4 Conplete Deterioration. Wen |arge areas of substrate become
exposed, the coating has reached the point of conplete deterioration and is in
a state of neglect. Such surfaces require extensive and difficult preparation
before repainting. Al of the old coating may have to be renpbved to be sure
that it does not create problens by continuing to | ose adhesion, taking the
new coating with it. Furthernore, conplete prining of the exposed substrate
will also be required, thus adding to cost and tine Conti nued negl ect may
also lead to deterioration of the structure resulting in expensive repairs in
addition to painting costs.

5.1.3 |INTERI OR DETERI ORATION. Interior coatings generally change slowy in
appearance with time but do not usually degrade to any significant extent
ot herw se.



FI GURE 5-4
Fail ure of Sol vent-Thi nned Paint To Adhere to Chal ky Surface

5.1.3.1 Change in Appearance. Interior finishes do change in appearance
upon agi ng, though not as rapidly as exterior finishes. The changes are sone-
what simlar but for different reasons.

a. Soiling: All painted areas will becone soiled to some extent from
dust, snoke, fingerprints, fumes and residues.
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FI GURE 5-7
Sever e Checki ng
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FI GURE 5-8
Severe Cracking
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FI GURE 5-9
Moder at e Er osi on

b. Flatting: Gossy finishes will gradually | ose sone of their gloss
over a long period of tinme, especially when they are cleaned often. However,
they do not actually beconme flat or lose their washability.

c. Color Change: Interior finishes will change color slowy. This is
general |y not noticeable except when areas which were covered are conpared
with the surrounding area, e.g., behind pictures or chests.

5.1.3.2 Degradation. Degradation is a relatively mnor problemwth inte-
rior coatings. Furthernore, it generally is confined to relatively smal

ar eas.

a. Cracking: Enanmels on woodwork may becone brittle with age and crack
especially when the total coating thickness is excessively high. Cracking may
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FI GURE 5-10
Normal Deterioration of a Paint by Checking and Crunbling

al so show up in wall paints when the building settles slightly. The cracks
usual ly are quite fine and may be easily repaired and touched up

b. Wear: Areas around switches or door handl es nmay be cl eaned often
during the Iife of the paint in order to renove fingerprints. Eventually, the
paint will be renoved by abrasion of the cleaner

5.1.4 COATINGS SUBJECT TO ABRASION. Floor finishes, traffic and zone marking
pai nts, and other coatings subject to abrasion usually wear out at points of
maxi mum or continuous traffic long before they would tend to degrade ot herw se.

5.1.5 FACTORS AFFECTI NG NORMAL DETERI ORATI ON The type and degree of failure
of exterior paints is affected by the environment, substrate, and design of the
structure, as well as the type of paint used. The sanme coating may be durable
under one set of circunmstances but fail rapidly under other conditions.
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5.1.5.1 Environnment. The conditions of exposure have a marked effect on
degradati on of coatings, even on the same structure.

a. Air: Oxygen in the air, which is essential for the initial drying of
many types of paints, continues to act on coatings of all types throughout
their useful lives, and ultimately brings about their deterioration. Misture
and sol ar radi ation hasten this degradati ve oxidation.

b. Sunlight: Certain areas in the world have greater ampbunts and nore
direct exposure to sunlight than others. Degradation by sunlight accel erated
by a greater amount of clear weather with fewer cloudy days, and by cl oseness
to the equator, where the rays of the sun are nost direct and not filtered by
t he at nosphere.

c. Tenperature Variation: Sone areas, such as the central United States,
show rel atively marked tenperature changes between seasons, and even between
day and night. This type of environnent exaggerates expansion and contraction
of the coating and substrate, thus accel erating checking, cracking, flaking,
and peel i ng.

d. Humidity and Rainfall: Tropical areas, where hunmidity levels are
relatively high, increase problenms such as fading (due to sunlight and dew),
peeling to | oss of adhesion to damp substrates, and disintegration by erosion
In addition, water is absorbed by and swells the coating, only to shrink again
when the water dries out. Such wetting and drying produces severe interna
stresses within paint coatings and | eads to checking, cracking and curling.
Consequently, favorable climatic conditions for a coating would consist of a
noderate | evel of average relative hum dity w thout periods of great dryness
and only brief periods of great danpness.

e. Coastal Areas: Salt lade~ air is extrenely corrosive, especially for
steel substrates. Consequently, any breaks in the filmallow corrosion of the
steel under the filmwith resulting failure of the overlying paint.

f. Direction of Exposure: Each side of a building is exposed to differ-
ent conditions. In the northern hem sphere, chal king and checking are in-
creased on the south side because of the increased sunshine; chalking is
greater on the east side because of the rapid tenperature rise caused by early
sunshine striking the dew, and nmildew is greater on the north side because of
the lack of sunshine.

5.1.5.2 Substrate. The inherent characteristics of the substrates used
have a very definite effect on durability.

a. Wod: Wod is a natural product possessing a grain structure. In
addition to containing natural moisture, it is capable of absorbing additiona
noi sture fromthe atnosphere and rainfall. This grain structure and noisture

content affect the durability of applied coatings in tw ways: 1) wood tends
to expand much nore across than along the grain, thus creating stresses which
tend to increase cracking as the coating becones brittle with age. 2) wood
absorbs water readily through cracks in degraded coatings, also fromw thin the
structure. The result is blistering, |oss of adhesion, and, ultimately,
peeling of the coating.



b. Metal: |Iron and steel tend to corrode in normal atnospheres and
especially in coastal areas. Thus, any breaks in the filmwll allow rusting
or corrosion to spread rapidly with consequent |oss of adhesion of the sur-
roundi ng coating. (See Figure 5-12.) Alum num copper, and stainless stee
are al so subject to corrosion, especially in salt-laden atnospheres.

c. Concrete and Masonry: Under normal conditions, concrete and masonry
do not present any unique problens if proper painting operations are carried
out.

5.1.6 REPAINTING The frequency of repainting can be determ ned by periodic
i nspection of all coatings. It is inportant to check on a systematic basis so
that painting can be scheduled in advance, at a time when the coating is thin
enough yet has not degraded to the point of disintegration. Thus, little sur-
face preparation will be required and only one or two coats of paint may be
necessary. (See Chapter 2.)

5.1.6.1 Exterior Coatings:

a. General: Repaint at the first sign of heavy chalk on the south side
of the structure or general checking (50 percent of area). It is easier to
pai nt sooner than later. For details see Chapters 4 and 8.

b. Whod: Renpve disintegrated paint by scraping, wire brushing, and
sandi ng. Sand exposed wood smooth. Wpe off all dust and | oose chal ked paint.
Wash off dirty areas and lightly sand gl ossy areas (under overhangs). Prine
exposed substrate. Wen dry, apply one coat of topcoat if paint is generally
in good condition or two coats if the paint shows signs of considerabl e chal k-
ing or any erosion.

c. Ilron and Steel: Check filmthickness of paint periodically. Repaint
when it decreases to 4 mls. Watch for signs of local rusting or corrosion.
spot - pai nt as soon as possi bl e before general surface preparati on and painting
are required. Renpve disintegrated paint and clean area well, using the best
met hod for the conditions and type of paint used. (See Chapter 4, section 4.)
Proper surface preparation is extrenely inportant to prevent rusting or corro-
sion under the new coating. Prine cleaned areas i mediately.

d. Concrete and Masonry: These substrates usually present |less of a
probl em t han wood or steel under normal conditions since they neither expand
excessively nor corrode. The necessity for repainting is usually determ ned by
the condition of the paint itself. Renpve disintegrated paint by nechanica
treatment (see 4.4.2), and wipe off all the dust and | oose chal k. Then apply
one coat of masonry paint on the cleaned area, followed by a conplete coat over
the entire surface to be painted. No special primers are required under nornal
condi tions.

5.1.6.2 |Interior Coatings. Interior coatings generally do not require
repainting as a result of normal deterioration. The nost conmon reason for
painting is to i nprove appearance. C eaning, rather than frequent repainting
will often be quite effective at savings in cost and tine. It also will pre-
vent excessive paint buildup. (See Chapter 7.)




5.1.6.3 Coatings Subject to Abrasion. Spot-paint all floor coatings and
traffic stripes at points of maxi mumwear. Only repaint overall when the en-
tire area appears to be worn or starts to deteriorate. See Chapters 9 and 11.

FI GURE 5-12
Rusting of Steel



Section 2. ABNORVAL DETERI ORATI ON

5.2.1 GENERAL. \When coatings deteriorate sooner than anticipated or in an
abnormal manner, the cause of such premature failure nmust be found and correc-
ted before repainting. The cause may be due to the substrate, the structure,
t he environnent or the paint.

5.2.2 SUBSTRATE PECULI ARI TIES. Many substrates have individual characteris-
tics which can present abnormal problens if not corrected or elininated before
or during painting operations.

5.2.2.1 Wwod. Wod is a natural product which varies in a nunber of
respects:

a. Type: Many types of wood are used in construction, some of which vary
considerably in their characteristics, e.g., redwod and cedar are brown in
color and rather uniformin grain, while pine and fir are light color and vary
considerably in grain structure. Both redwood and cedar contain soluble dyes
whi ch can dissolve in nmoisture absorbed by the wood. The dye solution wll
rise to the surface of the paint, then appear as pink or brown col ored streaks
or spots. Staining can be elimnated by preventing noisture fromgetting to
the wood. Prine new |lunber with a good sealing paint such as an oil priner
rather than a relatively porous |atex paint. Once the noisture is renoved, no
further staining should occur. The stain on the surface eventually should be
washed of f by rainfall

b. Spring and Sumer Wyod: Trees grow nore rapidly in the spring than
during the sumrer. Consequently, the springwood tends to be relatively soft
with wi de bands, whereas sumerwood is harder and has narrower bands. Each
type absorbs water and expands to a different degree causing stresses at the
junction of the two bands.

When cracki ng does take place, it generally starts along these junction
lines. Adhesion will be poorer on the nore dense sumrerwood so that peeling
will start in this area actually showing the grain pattern. (See Figure 5-13.)

c. Edge Grain and Flat Grain: The nmethod of sawi ng the lunber will
determ ne the pattern of the wood produced. |If the saw cuts radially, facing
the center of the log, it will cut directly across the growth bands form ng an
edge grain, which shows up as parallel lines or bands. |If the saw cuts at
right angles to the radial lines, band widths will vary considerably throughout
each piece of lunmber. This flat grain pattern is nore interesting for furni-
ture but is |l ess useful for painting. The larger the grain pattern, the
greater will be the problemw th differential absorption and ultimte cracking
along the grain junction lines with subsequent flaking and peeling. Southern
yellow pine is a marked exanple of this problem which is exaggerated even
further because of its high resin content. (See Figure 5-14.)

d. Knots: Al trees have branches which start well within the trunk.
Ther ef ore when boards are cut, especially flat grained, they will contain cross
sections of these branches or knots. This is nore of a problemw th pine which
is cut fromsnmaller trees with nmany branches are conpared with redwood which
cones fromvery large trees with few branches. These knots contain resinous



Dark areas show failure over sumrer-wood in flat grain southern yell ow pine.

Fl GURE 5-13
Spring and Sumrer Wbod

materi al, which, under the heat of the sun, will nelt and bl eed through the
paint. (See Figure 5-15.) The discolored area al so becones brittle fromthe
resin and cracks long before the rest of the coating. To overconme this, renove
all paint fromthe knots and surrounding area down to the wood. Seal wth knot
seal er and repaint with at |east two coats of the same paint as used in the

surroundi ng area.

e. Resinous Materials: Sone pine, especially of |ower grades, contains
pockets of pitch or resin simlar to that found around knots. This resin wll
rise to the surface and di scol or and eventual |y degrade the paint in that



area. Such areas should be cleaned, sealed with knot sealer and repainted. |f
the pitch pocket is below the surface, a hole should be drilled to all ow

drai nage and then puttied and seal ed before painting. Small isolated spots of
pitch, which appear on the surface and have not harned the paint, can be
renoved by scraping and washing with mneral spirits.

f. Green Lunmber: Fresh [unber contains a considerable anount of water.
Most of this nust be renoved before use, not only to prevent shrinkage after
installation but to prevent blistering, cracking, and | oss of adhesion of the
applied paint. Be sure that all |unmber used has been properly dried and kept
dry before painting.

5.2.2.2 Metal. Al nmetals are much nore uniformthan wood: They expand
uniformy in all directions so that adhesion | oss because of uneven stresses is
much | ess of a problemthan with wood. Some types of netals do present certain
probl ems whi ch can cause abnormal deterioration

a. lron and Steel: Both of these rust when exposed unprotected. |f
noi sture penetrates through holidays, thinly coated sharp corners or breaks in
the film rust is formed. This rust will increase in area, lifting the edge of

the filmaround the break, then creep underneath the filmand continue the
process. Thus, the paint deteriorates quite rapidly around each area of
exposed netal. (See Figure 5-16.) Rusting is accelerated in hum d atnospheres
and even nore so in nmarine atnospheres. Rusting will also spread under the
paint filmin areas which have been insufficiently cleaned. Such poor practice
| eaves rusted areas in which nmoisture and air can be trapped when painted. The
area shoul d be adequately cl eaned depending on the coating to be applied. See
Chapter 8 for mnimm surface preparation for the type of paint used, Table 8-1
or appropriate primers and Appendix D-4, Tables 11 and 15, for conplete paint
syst ens.

Edge Grain Flat Grain

FI GURE 5-14
Wod Grain



b. Galvanized Steel: Galvanized steel is steel sheet coated with zinc
and then treated with chemcals to prevent white rust (a white deposit which
forms when zinc is exposed in hum d areas). The conbination of the zinc netal
and chenical treatment often creates problenms of adhesion of applied coatings
after exposure. |If the incorrect paint systemis used, extrenme flaking and
peeling may take place after a year or so of exposure, especially when w de
temperature changes take place. (See Figure 5-17.) Allow galvanized steel to
weat her, if at all possible, and use appropriate prinmers. See Table 8-2,
Chapter 8, and Appendi x D-4, Table 16.

c. NonFerrous Metals: The nost comon nonferrous nmetals which are
pai nted are al um num and copper. Although both of these netals do corrode,
their corrosion products do not tend to expand as rapidly as in the case of
iron and steel. They should be cl eaned thoroughly to obtain optinum adhesi on
Since nonferrous netals are relatively soft and thin, this nust be done with
care to avoid damagi ng the substrate. Then apply the coatings reconmrended in
Appendi x D-4. Tables 11 and 16.

FI GURE 5-15
Bl eedi ng Around Knots
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FI GURE 5-16
Rusting at Welds

5-21



5.2.2.3 Concrete, Stucco, Msonry, Plaster. All of these substrates have
three things in coomon. They are hard, they all contain |linme and other soluble
salts, and they are relatively porous. The effect of these properties on the
abnormal deterioration of applied coatings is as foll ows:

a. Surface Conditions: The surface of new concrete or plaster may be
somewhat rough and porous or very snooth and slick, depending on the type and
degree of troweling used to finish the surface. Very snmooth concrete can
create a problemwi th | oss of adhesion, thus causing rapid flaking and peeling.
The surface should be etched before painting to prevent this problem

b. Al kalinity: Fresh concrete, nortar, stucco, and plaster are highly
al kaline. Alkalinity can cause premature failure of applied coatings unless
they are alkali resistant. Q1 paints, for exanple, should not be used on
al kal i ne surfaces. The alkali will saponify the oil to forma soap which has
no binding qualities. Latex and rubber based paints are not harmed by al kal
in the substrate.

c. Efflorescence: Concrete, stucco, masonry, and plaster contain water
sol ubl e salts which dissolve in noisture carried through the substrate and then

crystallize on the exposed surface. |If the paint is water perneable, e.g.
| atex paint, the solution will pass through the coating and di scol or the
surface in a nonuniformspotty manner. |If the coating is not perneable, the

salts may be deposited under the paint filmand cause it to | ose adhesion in
spots. (See Figures 5-18 and 5-19.) All efflorescence nust be renoved before
repai nting, and the cause elimnated (see 4.4.3.4b).

d. Inproper Cure: |nproper proportioning, mxing, placing, and/or curing
of concrete, stucco, and plaster create areas which may be of different
porosities. This will result in uneven absorption of the applied coatings,
whi ch shows up as uneven gloss of the paint. Deterioration will also be nore
rapi d over these areas. Subsequent reaction of the substrate with water nmay
al so cause popping of the substrate taking the coating with it.

FI GURE 5-17
Peeling from Gal vani zed Stee
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FI GURE 5-18
Ef f | orescence on Concrete Bl ock Wal

5.2.3 ABNORMAL ENVI RONMENTS. Unusual conditions of exposure are a mmjor cause
of abnormal deterioration of coatings.

5.2.3.1 Humidity or Mdisture. Miisture may cause abnormal deterioration in
two ways: it may cause flatting or formation of mldew (fungi).

a. Flatting: |If noisture, in the formof fog, rain, or dewlies on the
surface of newy applied paint before it is thoroughly dry, it may cause a
spotty or conplete |oss of gloss of the paint. This is primarily an appearance
probl em whi ch makes a new paint job ook inferior. (See Figure 5-20.)

b. Mldew (Fungi): Paint coatings exposed in hunid climtes or in warm
danp roons, e.g., shower roons, may be attacked by fungi which feed on the
coating. MIldew w Il grow and becone quite unsightly; eventually it wll
accel erate degradation of the coating. (See Figures 5-21 and 5-22.) Inits
early stages it looks like dirt, but it cannot be washed off as easily. The
presence of mldew can be determ ned by using household bleach; this wll
bl each m | dew, whereas it has no effect on dirt. Hard drying paints such as
enanel s, or paints containing zinc oxide, are nore resistant to mldew Use
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FI GURE 5-19
Severe Effl orescence on Brick Wl

specially formul ated noi sture-resi stant and mil dewresistant paints for these
exposures. (See 10.2.2.7 and Appendi x D-2, Tables 10 through 12 and 14
t hrough 16.)

5.2.3.2 Atnospheric Contanmination. Snhoke and funmes can adversely affect
pai nt coatings causing discoloration and rapid failure. Sulfur-containing
gases, such as sul fur dioxi de and hydrogen sul fide, will discolor coatings,
especially those containing lead or iron. They will also accel erate chal ki ng
and erosion. Wnd drive dust will accelerate dirt collection especially on
softer drying paints such as those based on linseed oil. Salt-|aden atnosphere
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FI GURE 5- 20
Spotty Loss of d oss

in coastal areas will accelerate deterioration of coatings which are not
resistant to salt. (See Chapter 8 for the proper selection of paint for use
under these conditions.)

5.2.3.3 Rapid Tenperature Changes. Sudden changes in tenperature can
create unexpected problens. A rapid drop overnight, just after painting, may
cause a heavy dew or even frost to deposit on the paint filmwth consequent
flatting. It may also retard drying so that dirt and insects can become
embedded in the coating. Winkling can occur if the coat is excessively thick
A rapid increase in tenmperature may cause air entrapped in a porous substrate
to increase in pressure and formdry blisters in the paint film (See Figure
5-23.)

5.2.3.4 Wnd Velocity. Excessive wind velocity during painting makes
application extrenely difficult. It may also cause the paint to dry too
rapidly on the surface thus forming a skin which prevents thorough drying. This
can |lead to recoating problems and to solvent entrapnment (See 5.2.6.5). In any
case, durability is inpaired. Do not paint when the wind velocity is above 15
mles per hour. Wnds also carry dirt, tending to inpinge the dirt particles
on the painted surface, especially when it is fresh or soft. Git carried by
hi gh velocity w nds can al so abrade cured painted surfaces.
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FI GURE 5-21
M | dew ( Fungi)

5.2.4 | NCOWATI BLE PRESERVATI VES AND PAINTS. The entire coating system nust
be conpatibl e through each layer, fromthe substrate to the surface, to achieve
optimumdurability. Any inconpatibility between substrate and paint system and
bet ween coats wi ||l reduce adhesion and accel erate deterioration associated with
| oss of adhesion, i.e., lifting, peeling, etc.

5.2.4.1 |nconpatible Preservatives. Some wood preservatives affect paints
applied over them They may either retard drying, affect adhesion, or bleed
t hrough and di scolor the paint. Creosote-containing preservatives or copper
napht henate, for exanple, may bleed. Zinc napthenate or pentachl orphenol can
be used with no adverse effects.

5.2.4.2 |Inconpatible Paints. It is always safest to recoat surfaces with
the sane kind of paint previously used, unless experience shows that the new
paint is conmpatible with the old paint. Inconpatibility may result in the fol-

| owi ng defects, all of which affect the adhesion and ultimte service life of
t he paint system

a. Lifting: This is an effect produced by the solvent in the applied
paint, acting as a paint renover on the coating underneath. The result is a
softening, swelling, and lifting of the coating. It can happen when paints
contai ning strong solvents such as xylene are applied over relatively soft
paints, such as oil paints. Lifting is nore likely to occur when a second or
third coat is applied over an undercoat which has not dried hard enough. Al ways
be sure that the coating is not only dry but fairly hard before applying the
next coat. Test a small area if not sure.
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One Type of Fungus (M| dew) (Magnified)
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FI GURE 5-23
Tenperature Blistering

b. Alligatoring: Alligatoring describes a pattern in a coating which
| ooks like the hide of an alligator. It is caused by uneven expansi on and
contraction of a relatively hard topcoat over a relatively soft or slippery
undercoat. (See Figure 5-24). Alligatoring can be caused by:

(1) Applying an enanel over an oil primer
(2) Painting over bitum nous paint, asphalt, pitch or shellac
(3) Painting over grease or wax

c. Crawing: Crawing occurs when the new coating fails to wet and form
a continuous filmover the preceding coat. Exanples are applying |atex paints
over high gloss enanel or applying paints on concrete or masonry treated with
a silicone water repellent (See Figure 5-25.)

d. Intercoat Peeling: The |oss of adhesion caused by the use of incom
pati bl e paints may not be obvious until after a period of tine has el apsed.
Then, the stresses in the hardening filmw Il cause the two coatings to sep-
arate and the topcoat will then flake and peel (See Figure 5-26.)

5.2.5 | MPROPER PAI NTI NG OPERATIONS. It is apparent fromthe problens
described thus far that the painter can prevent or cause nost of them by the
manner in which he follows instructions. Always use recomended coating sys-
tems (prinmer plus topcoat, if a primer is necessary). Be sure that the surface
is properly prepared and that painting conditions are within specified
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limts, e.g., tenmperature, humdity, etc. Follow application directions
exactly. Taking short cuts or disregarding instructions are bound to accel -
erate deterioration of the applied coatings.

5.2.6 POOR PAINTI NG TECHNI QUES. The foll owi ng specific actions indicate what
can happen as a result of poor painting techniques:

5.2.6.1 |Insufficient Ceaning. The adhesion of the entire paint system

depends on direct contact of the first coat with a clean substrate. |If the
surface contains wax, grease, or oil, the paint may dry very slowy, craw, or
alligator. In any case, flaking and peeling fromthe substrate will take

pl ace.

5.2.6.2 |lnproper Repair. Roles and cracks which are not filled and seal ed
will allow noisture to get in behind the coating and cause blistering and film
degr adat i on.

5.2.6.3 |Insufficient Paint Application. |If paints are thinned or applied
intoo thin a coat, they will not last as long. |If too little primer is used,
especi ally on porous substrates, then gloss and color will be uneven, and
adherence of topcoats may be affected. |In any case, any chal king and erosion
whi ch takes place will wear through a thin filmfaster and result in the
necessity for repainting earlier than nornal.

5.2.6.4 Excessive Paint Application. Too nuch paint is just as bad as too
little paint. Too heavy a coat may cause any of the follow ng probl ens:

a. Sagging: The paint may curtain on vertical surfaces thus affecting
its appearance and dry filmthickness.

b. Drying: Drying, especially "through drying" may be retarded con-
siderably. This may cause |ifting when recoated (see 5.2.4.2.a).

c. Winkling: This may occur either in cold weather when the thickened
paint is inproperly applied or in hot weather when the topcoat dries quickly
but the paint underneath is still wet. The resulting stresses cause the paint
to winkle (See Figure 5-27).

d. Cracking: The filmmy not show any defects initially, but the
extreme stresses present in a thick hardening filmnmay cause cracking after
exposure. This is especially true in a multicoat system (See Figure 5-28.)

e. Blistering: 1In hot weather the uneven drying of the thick film may
cause solvent entrapnent with subsequent blistering. (See Figure 5-29.)

5.2.6.5 |Insufficient Dry Between Coats. Rushing a job may al so speed up

its failure as a result of |oss of adhesion or inproper cure. |If a coat is not
t horoughly dry, the next coat may cause trapping of the solvent or lifting.
Trapped sol vent must come out eventually and will cause either pinholing,

blistering, or a reduction in adhesion.
5.2.7 ENTRANCE OF MO STURE DUE TO FAULTY STRUCTURAL CONDI TI ONS. The mmj or

cause of abnormal deterioration of coatings, especially those exposed outdoors,
is moisture. This nmoisture may either come from external sources or be
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devel oped within the structure. This noisture can produce abnormal deteriora-
tion of applied coatings such as wood stain, mldew, blistering, and |oss of
adhesion, resulting in a poor appearance and eventual deterioration by flaking
and peeling. (See Figures 5-29 and 5-30.) A prinme reason for this problemis
that the major construction materials used, i.e., wood, concrete, stucco,
masonry, and plaster, are essentially porous and will allow noisture to pass
through. If the walls are wet and the surface is warmed, as by sunlight, the
noi sture will tend to nove to the outside atnosphere. |f nonperneabl e coatings
are used (nost paints other than | atex paints or cenent paints), this noisture
will be trapped. Increased pressure will eventually cause the coating either
to blister or | ose adhesion. The problemis nuch |ess serious with netals, but
i ncreased contact with noisture does reduce the service life of coatings
applied to them

Surface painted six times in 15 years. Coating thickness is 22 MIs.

FI GURE 5-28
Cross Grain Cracking

5.2.7.1 Poor Construction. Poor quality construction which allows npisture
to enter behind pai nted woodwork, nmasonry, or plaster is a major reason for
di scol oration and abnormal deterioration of both interior and exterior coat-
ings. It will also eventually cause wood decay if not corrected. Report con-
struction defects to construction personnel for correction before repainting is
started. Twenty-six points of potential mpisture trouble in a poorly built
structure are shown in Figure 5-31. The mmjor causes can be condensed as fol -
| ows:
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a. Solvent Entrapnent.
Excessive application of varnish on a wood fl oor.

b. Mdisture Entrapnent

FI GURE 5-29
Blistering
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FI GURE 5-30
Loss of Adhesion from Moisture

a. Use of green lunber or building during rainy weather so that the
structure was wet when originally painted.

b. Poorly fitted wi ndows, door trim and joints allowi ng water to
enter.

c. Omission of drips or gutters at eaves, or om ssion of eaves and
overhangs, thus increasing the flow of water down the walls of the structure.

d. Lack of flashing or inproper installation of flashing around
chi meys, roof, corners, doors, and windows allowing rain to penetrate walls.
(See Figure 5-32.)

e. Lack of waterproofing behind trim around basenent walls, and in
craw spaces (sheathing paper shoul d be waterproof but not vaporproof).

f. Lack of ventilation in attics, basements, and craw spaces allow ng

moi sture to condense and coll ect on walls.

g. Direct contact of wood walls with ground or shrubbery. (See Figure

5-33.)
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Twenty—si x points of potential npisture trouble in a poorly—built house: 1
built with green lunber; 2 no cricket where chimey neets roof; 3, no flashing
at side of chimey; 4, use of netal corner caps; 5, exposed nail heads not
gal vani zed; 6, no wi ndow wash at sill; 7, wood contacts earth; 8, no drip or
gutter at eaves; 9, poorly fitted wi ndow and door trims; 10, waterproof paper
not installed behind trim 11, danp, wet cellar unventil ated at opposite sides;
12, no ventilation of unexcavated space; 13, no bl ocki ng between unexcavated
space and stud wall space; 14, no waterproofing or drainage tile around cell ar
wal I s; 15, lacks foundation water and termite seal; 16, plaster not dry enough
to paint; 17, sheathing paper should be waterproof but not vapor proof; 18,
vapor barrier omtted—needed for present or future insulation; 19, built dur-
ing wet, rainy season wi thout taking due precaution or ventilating on dry days;
20, built hurriedly of cheap materials; 21, inadequate flashing at breaks,
corners, roof; 22, poorly jointed and matched; 23, no chi nmmey cap; 24, no
flashing over openings; 25, full of openings, |oosely built; 26, no ventilation
of attic space.

FI GURE 5-31
Moisture fromWthin Structure
h. Use of nongal vani zed ferrous nails which will eventually rust and

| oosen, allowi ng water to enter

1. Painting plaster when still wet.
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FAULTY FLASHING

FIGURE 5-32
Faulty Flashing

j . Inadequate use of cal king conmpound allowi ng rain to enter openings
around wi ndows and doors.

Al of these defects either trap noisture in the walls, allow noisture to
enter the walls, or trap noisture vapor which will condense on cold walls.

5.2.7.2 Misture FromWthin The Structure. A mjor cause of excessive
noi sture is that devel oped in normal use by the occupants of the structure.
There are a nunber of sources of such noisture. (See Figure 5-34.) They are
as follows:

a. Normal Activities: Daily activities by and for the occupants of the
structure can account for the foll owi ng amount of noisture per person each day:

Breat hi ng and perspiration 2 I bs
Cooki ng and di shwashi ng 11b
Cl ot hes washi ng and drying 8 I bs
Shower s--daily . 1/2 1b

This adds up to a total of about 1 1/2 gallons of water devel oped per person
per day wi thout including noisture given off by heaters. It is inportant that
venting be used for all equipment and that kitchens and shower roons have
exhaust fans which are kept in operation during use of facilities.

b. Humidity: The humidity within a structure should be kept fairly | ow
especially during the cold weather when outside walls are cold. O herw se,
nmoi sture will collect and eventually work its way into and through the walls
unless the interior paint on the walls is inmperneable. This usually is not a
probl em unl ess humidifiers are used with heating equipnment. The follow ng
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hum dity levels should be the maxinumwithin a structure for indoor air
temperatures of 70° F.
Inside Hum dity (nmax.)

Qut si de tenp. °F (percent)
Bel ow -20 . . 0oL 15
-20 to o . . . . . ... 20
Oto 20 . . . oo 30
Above 20 . . . L 40

There are relatively |low cost solutions to blistering and peeling problens
if the noisture occurs by normal use and no structural defects are involved:

(1) Seal the inside surface of exterior walls with alum num paint or
enanel and apply breathing-type paints such as latex paints to the outside
surf ace.

FI GURE 5-33
Moi sture Peeling Caused by Contact with G ound
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Gas heaters and stoves, w thout flues. Ev-
ery thousand cubic feet of natural gas that

i s burned produces 10 gallons of water in

t he average six-room house where gas is used
for heating and cooking. 16 to 20 barrels
of water is throwm off in the form of vapor
in ayear. All this equipnent should have
flues to avoid the possibility of endl ess
pai nt trouble.

The best way to keep water vapor from pass-
ing into the wall space is to install a va-
por barrier inside the studding when the
building is erected. Such a barrier formed
of sheets of npistureproof material wth
watertight joints will stop water vapor from
getting into the wall space.

Sonetimes paint falls outside one roomonly
usual |y the kitchen, laundry or bat hroom
where | arge ambunts of steam are rel eased
into the air. Unless there is adequate ven-
tilation to carry out the water vapor it
wi || pass through the plaster and sweat out
on theback of the siding.

FI GURE 5- 34

Moi sture Probl em Areas

5-40




Then there are the new type warm air heating
systens, called forced draft or winter air
conditioning. Their automatic hum difiers
can throw of f barrels and barrels of water
during the winter nonths. Unless carefully
regul ated, that water vapor may quickly ruin
t he best outside paint job nobney can buy.

Many exi sting homes have no such protection.
So for themtwo coats of Al um num Paint, or
one coat of Alum num and two of high-grade
enanel , are recommended on the plaster
wal | s. Laboratory tests show that such a
pai nt systemas inside walls is 96 to 97
percent efficient in preventing noisture
passage.

Excessive inside humidity in winter nmay
cause blistering of exterior paints.

"\&

INSIDE
OUTSIDE RELATIVE™S
TEMPERATURE "HUMIDITY /
Below(Q®. .. .. Not more than 20 percent
0 to 20 above 0 . Not more than 30 percent\
20 above 0. . . . Not more than 40 percent

and over é

\_ Y

FI GURE 5-34 (Conti nued)
Moi sture Probl em Areas
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(2) Vent the outside walls by the use of vents or wedges. (See Figure
5-35.)

5.2.7.3 Poor Mintenance. Structures not kept in good repair will even-
tually allow noisture to enter the walls and cause paint failure~. Sone
exanpl es are as foll ows:

a. Leaking roofs caused by | oosened, curled, or mssing shingles
b. Plunbing | eaks

c. Corroded flashing

d. Broken, leaky, or clogged gutters and downspouts

e. Cracked or mssing cal king and gl azi ng conpound

f. Allowing water to collect in basenents

g. Loose siding

Al'l of these conditions nust be corrected before painting is started.
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FIGUDEE 5-35
Venting Cutside Walls
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