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Previous studies of the effect of preweathering of

wood (weathering of wood prior to painting) on

subsequent paint performance have not linked short

periods of preweathering (weeks) to paint service

life. To examine the link between preweathering

and paint service life, we analyzed paint perfor-

mance (cracking and flaking) after 14 years out-

side on boards that were preweathered for various

amounts of time. We then compared our results

with previous results from paint adhesion tests of

similar boards that were also preweathered for the

same amount of time. There was a direct correla-

tion between the amount of time the siding was

preweathered and the long-term performance of

paint. Paint on wood preweathered for 16 weeks

began to fail after just three years. Paint on wood

preweathered for shorter periods lasted longer, but

even those boards that were preweathered for as

little as one week showed paint failure earlier than

boards that were not preweathered. There was also

good correlation between paint adhesive strength

results from the previous study and outdoor paint

performance results from this study, showing that

loss of paint adhesion may be linked to paint per-

formance in outdoor field tests.

INTRODUCTION

In the absence of adhesion failure, paint on wood ex-
posed outdoors gradually erodes. Degradation of paint
by erosion may take a decade or more, depending on

the degree of exposure to sunlight and moisture and the
thickness and type of paint. While a paint system is erod-
ing it still protects the wood surface from degradation.
Until this erosion process proceeds to the point where the
primer begins to show, the paint surface can be renewed
readily with an additional topcoat. With timely refinish-
ing, painted wood can last for centuries.1 Many homes
built in the 1700s (for example, Mt. Vernon and John
Adams’ home) that have been kept painted still retain
their original siding.

If, however, the paint–wood interphase fails, the paint
film will debond within a short time and the paint will
blister, crack, and peel. This failure can result in damage
to the wood surface and more difficult and costly refinish-
ing. One cause of interphase failure is a degraded wood
surface caused by weathering prior to initial priming with
paint.2–12 These previous studies have qualitatively shown
that weathering of wood prior to painting (preweathering)
decreases subsequent paint performance. However, the
amount of preweathering has not been quantitatively
linked to long-term paint performance. For example, no
study has looked at how short periods of preweathering
(one week, several weeks, a few months, several months)
affect long-term paint performance (10 to 14 years).

In a previous study at the USDA Forest Service, Forest
Products Laboratory (FPL), decrease in paint adhesion
was linked to short periods of preweathering.13 It was
found that paint adhesion decreased following as little as
two to four weeks of preweathering. Paint adhesive
strength continued to decrease with increased time of
preweathering. Specimens preweathered for 16 weeks had
approximately 50% less paint adhesive strength than con-
trols (not preweathered). Thay and Evans14 exposed ra-
diata pine (Pinus radiata) to six weeks of summer weather-
ing. Their results support our previous study.13 In our
previous study, the loss of paint adhesion was not linked
to actual paint performance in outdoor field tests. Figure 1 shows adhesive strength of latex primer (ten-

sile test) for the various amounts of preweathering. These
are results from our previous study on paint adhesion of
the preweathered specimens.13 A considerable drop be-
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tween four and 16 weeks of preweathering can be seen in
Figure 1. Most of the specimens from zero, one, and two
weeks of preweathering failed in the wood substrate, not
at the paint–wood interphase. Therefore, these data were
not included in Figure 1. Data for all failures were in-
cluded in our previous publication.13 Similar results were
obtained for the alkyd-oil primer (Figure 2). The paint
adhesion was also determined using a shear test. The
adhesion test methods are described in detail in our previ-
ous study.13 The results of significance tests for both the
tensile tests and shear tests are shown in Table 1.

This study reports paint performance after 14 years of
outdoor exposure on boards that were similar to those
used for the paint adhesion tests13 and that were also
preweathered for the same amounts of time. The results
clearly show the effect of short periods of preweathering
(one to 16 weeks) on the performance of three different
paint systems (two different primers) exposed outdoors
for 14 years. Paint performance is then compared with the
adhesive tests previously performed on end-matched
boards that were preweathered the same amount, then

painted using the same two primers, but were not exposed
outdoors after painting.13

EXPERIMENTAL

Materials

The finishes were applied to smooth-planed western
redcedar (Thuja plicata Donn) vertical-grained heartwood.
The boards were finished with one of the following paint
systems.

• Solventborne water-repellent preservative (WRP),
one coat of alkyd-oil primer, and one coat of acrylic latex
topcoat (WRP/alkyd/latex).

• One coat of alkyd-oil primer and one coat of acrylic
latex topcoat (alkyd/latex).

• One coat of latex primer and one coat of acrylic latex
topcoat (latex/latex).

All finishes were commercial formulations. For each of
the preweathering periods (zero, one, two, four, eight, and
16 weeks), 12 boards were exposed outdoors for 14 years.

Methods

Freshly planed vertical-grained western redcedar
boards 410 � 100 � 10 mm (16 � 4 � 3/8 in.) (longitudinal �
radial �� tangential) were exposed outdoors, oriented ver-
tically facing south 15 km west of Madison, WI, in the
summer of 1984 for one, two, four, eight, or 16 weeks. To
determine whether there would be a significant difference
in paint performance for specimens exposed at different
times, there were four different exposure periods for the
boards preweathered for one, two, and four weeks and
two different exposure periods for the eight-week
preweathering periods. There was only one exposure for
the 16-week preweathering. Three boards were exposed
in each of the one-, two-, and four-week preweathering
periods (12 boards total per preweathering period be-
cause of the four exposure periods), six boards in each of
the two eight-week preweathering periods (12 boards),
and 12 boards in the 16-week preweathering period. At
the same time, 12 boards (controls or zero-week speci-
mens) were kept from exposure to sunlight in a darkened
room at 27ºC and 65% relative humidity for 16 weeks.
Preweathering began on May 1, 1984. Following
preweathering, the boards were randomly divided into
two groups. One group was finished with two coats of
primer and was used to conduct paint adhesion studies
as previously reported.13 The second group was finished
with the paint systems described in the previous section
and placed back on the test fence in September 1984.
Boards from all preweathering periods (one, two, four,
eight, and 16 weeks) were used for the WRP/alkyd/latex
paint system. Only boards preweathered for zero, one,
and 16 weeks were finished with the other two paint
systems (alkyd/latex and latex/latex).

For convenience, three boards were mounted together
to form a panel configured as lap siding. The boards were
evaluated annually according to American Society for
Testing and Materials (ASTM) standards for erosion,15

cracking,16 and flaking.17 Each board in the panel was
rated individually, resulting in three observations for each

Figure 1—Adhesive strength of acrylic latex
primer compared with weeks of preweathering.
Only primer–wood interphase failures are shown
(ML86 5260).

Figure 2—Adhesive strength of alkyd-oil primer
versus weeks of preweathering. Only primer–
wood interphase failures are shown (ML86 5262).
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panel for each category (erosion, flaking, and cracking),
annually for 12 years. After 12 years, we began taking
ratings biannually. The photographs were taken after 15
years. A rating of 10 indicates no observable degradation,
and 1 indicates complete failure of the specimen. A rating
of 5 indicates sufficient degradation to warrant normal
refinishing if the finish was in use on a structure.

RESULTS AND DISCUSSION

There was one panel (three boards) for each of the one-,
two-, and four-week preweathering periods, each had
four exposure periods, two panels for each of the two
exposures of eight weeks of preweathering, and four pan-
els for the one exposure of 16 weeks of preweathering,
which equals a total of 12 boards for each preweathering
period, including 12 boards as controls. The initial evalu-
ation of the data showed no apparent differences among
panels within a particular preweathering period (one,
two, four, or eight weeks). Therefore, the paint evaluations
for all panels (12 boards) were combined for each
preweathering period.

Erosion

Although some surface degradation undoubtedly oc-
curred, it was not possible to distinguish any differences
among the finishes for this rating category, even after 14
years. Paint erosion was determined visually, and there
was no evidence of paint erosion to the point where the
primer was visible. Therefore, all paint systems on all
specimens were given a rating of 10 after 14 years on the
fence. On some of the boards, particularly the boards
preweathered for 16 weeks, most of the paint had peeled.
However, erosion could not be detected on the small
amount of paint that was still on the boards.

Cracking and Flaking

The most notable differences among the finishes were
found for cracking and flaking. The effect of preweathering
on these paint degradation mechanisms was evaluated

for 14 years for the three different paint systems. In addi-
tion to the effect of preweathering on paint degradation,
the experimental design also included the effects of a
WRP pretreatment and an oil-alkyd versus a latex primer.

Table 1—Results of a Duncan Multiple Range Test on Mean Adhesive Strength of Wood–Primer at Alpha = 0.05a

Tensile Test Shear Test
Amount of Preweathering Amount of Preweathering

1 2 4 8 16 1 2 4 8 16
0 Week Weeks Weeks Weeks Weeks 0 Week Weeks Weeks Weeks Weeks

Latex primerb

Number flakingc ..... 0 0 2 10 15 10 24 11 24 24 12 6
Strength (lb/in.2) ..... — — 310 305 200 150 800 765 750 710 560 450
Strength (kPa) ........ — — 2,125 2,090 1,370 1,040 5,500 5,260 5,150 4,875 3,875 3,095

Alkyd-oil primerd

Number flakingc ....... 0 0 19 14 18 6 7 0 15 22 12 6
Strength (lb/in.2) ..... — — 190 255 155 125 690 — 700 675 530 490
Strength (kPa) ........ — — 1,305 1,765 1,055 870 4,745 — 4,815 4,645 3,655 3,380

(a) Strength values underlined by the same line are not significantly different, with 95% confidence.
(b) For latex primer, R2 = 0.782 in tensile test and R2 = 0.591 in shear test.
(c) Number of specimens flaking at the paint–wood interphase.
(d) For alkyd-oil primer, R2 = 0.579 in tensile test and R2 = 0.455 in shear test.

Figure 3—Paint evaluations for cracking and
flaking during 14 years for the paint system con-
sisting of a solventborne water-repellent preser-
vative, one coat of alkyd-oil primer, and one
coat of acrylic latex topcoat (WRP/alkyd/latex).
The data points are the average of 12 observa-
tions, and the bars give the standard deviation.



R.S. Williams and W.C. Feist

68 Journal of Coatings Technology

Depending on the amount of preweathering, the boards
painted with any of the three paint systems began to show
cracking during the exposure period. Flaking generally
followed cracking after a year or two (Figure 3).

WRP/ALKYD/LATEX PAINT SYSTEM: The effect of
preweathering can clearly be seen in the cracking and

Figure 4—Examples of panels painted with a solventborne water-repellent preservative, one coat of alkyd-oil
primer, and one coat of acrylic latex topcoat (WRP/alkyd/latex) after 14 years of outdoor exposure. (a) control,
no exposure prior to painting, (b) preweathered 1 week, (c) preweathered two weeks, (d) preweathered four
weeks, (e) preweathered eight weeks, and (f) preweathered 16 weeks.

flaking evaluations during 14 years. The boards with 16
weeks of preweathering began to show signs of cracking
after only three years of exposure, whereas those with
zero- and one-week preweathering periods began to crack
after nine years. Clearly, each preweathering period had
different performance results. This difference in perfor-
mance can be seen in the photographs of the boards after
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Also, there appears to be a considerable difference between
the zero- and one-week preweathering periods for boards
without the WRP pretreatment (Figure 5). This difference
was not apparent with the WRP-treated boards (Figure 3).
For WRP-treated boards, flaking occurred about one to three
years after cracking. However, for boards without WRP,
flaking was immediately evident upon cracking.

LATEX/LATEX PAINT SYSTEM: In general, ratings for the
performance of the alkyd/latex paint system (Figure 5)

Figure 5—Paint evaluations for cracking and
flaking during 14 years of outdoor exposure for
specimens painted with one coat of alkyd-oil
primer and one coat of acrylic latex topcoat
(alkyd/latex). The data points are the average
of 12 observations, and the bars give the stan-
dard deviation.

Figure 6—Examples of panels painted with one
coat of alkyd-oil primer and one coat of acrylic
latex topcoat (alkyd/latex) after 14 years of
outdoor exposure. (a) control, no exposure
prior to painting, (b) preweathered one week,
and (c) preweathered 16 weeks.

15 years of exposure (Figure 4a–f). One panel (three of the
12 boards) for each of the preweathering times is shown.
The other three panels showed the same trend. Although it
is not apparent in cracking results in Figure 3, there is clearly
a slight difference in performance between the zero- and
one-week preweatherings (Figure 4a and b). The control
(zero-week preweathering) was in almost perfect condition
after 14 years of exposure. That is a service life of more than
14 years for a paint system comprised of a WRP pretreat-
ment, one coat of primer, and one topcoat. The slight discol-
oration just under the bottom edge of each board is dirt.

ALKYD/LATEX PAINT SYSTEM: The cracking and flaking
ratings for the one- and 16-week preweathering periods
are lower for the alkyd/latex paint system without the
WRP (Figure 5) than for the specimens with the same
amount of preweathering finished with the WRP/alkyd/
latex paint system (Figure 4). This can be seen by compar-
ing photographs of panels from the different paint sys-
tems preweathered for the same amount (Figure 6a,b, and
c compared with Figure 4a, b, and f). After 14 years, boards
pretreated with a WRP had slightly better paint perfor-
mance compared with those without the pretreatment,
particularly for boards that had been preweathered. There
was no apparent difference for the control boards. Paint
cracking developed more quickly on boards without WRP.
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were slightly higher than those of the latex/latex paint
system (Figure 7). There was clearly a difference between
the two paint systems within the zero-, one-, and 16-week
preweathering periods. Both the alkyd/latex (Figure 5)
and the latex/latex (Figure 7 and 8) paint systems started
cracking and flaking about the same time (after three to
four years of exposure), but the latex/latex system de-
graded faster in subsequent years. For the latex/latex
paint system, the paint on the zero-week preweathered
boards cracked and flaked sooner than expected given the
inherently greater flexibility of the latex/latex paint sys-
tem compared with the alkyd/latex system. The latex
primer was a high quality paint but was one of the first
formulations in the new generation of stain-blocking latex
primers developed in the early 1980s. Its performance in
cracking and flaking may not be representative of stain-
blocking latex primers available today.

Paint Adhesive Strength Compared with Cracking
and Flaking Evaluations

Figure 9 shows the average adhesive strength of the
alkyd-oil primer compared with the cracking or flaking
evaluations for the WRP/alkyd/latex paint system for

Figure 7—Paint evaluations for cracking and
flaking during 14 years of outdoor exposure for
specimens finished with one coat of latex primer
and one coat of acrylic latex topcoat (latex/
latex). The data points are the average of 12
observations, and the bars give the standard
deviation.

Figure 8—Example of panels painted with one
coat of latex primer and one coat of acrylic
latex topcoat (latex/latex) after 14 years of
outdoor exposure. Panel was preweathered
for 16 weeks.

specimens preweathered for two to 16 weeks. There
appears to be a good correlation even though there was
considerable cohesive wood failure (i.e., failure was
contained totally in the wood) in the specimens
preweathered for only zero, one, and two weeks. Our
previous study clearly showed that the tensile strength
of well-bonded paint to western redcedar was stronger
than the cohesive strength of the wood.13 [The tensile
strength of western redcedar perpendicular to grain is
about 1,500 kPa and the shear strength parallel to grain
is about 6,800 kPa18]. Therefore, the regression analy-
sis included only data pertaining to paint–wood bond
strength. Even those specimens preweathered for two
weeks had sufficient paint adhesive strength to cause
primarily wood failure in the adhesion tests. This was
less of a problem with the shear tests because the shear
strength of western redcedar parallel to grain was some-
what higher than the paint–wood shear strength for
the two-week preweathered specimens.

If any part of the paint bond was visible after the
adhesion test, the specimen was included in the data
set. In Figures 9c and d (tensile strength versus crack-
ing and flaking), the abrupt drop for the two-week
preweathered specimens is probably caused by a fail-
ure in the wood. The R2 values for the comparisons of
shear strength with cracking or flaking were 0.81 and
0.98, respectively. The R2 values for the comparisons of
tensile strength with cracking or flaking were 0.61 and
0.56, respectively. If the two-week preweathering data
are removed from the data set, the R2 values are 0.73
and 0.97 for cracking and flaking, respectively. Thus, it
appears that paint adhesion tests give a reasonable indi-
cation of long-term performance of paint. Paint perfor-
mance without cracking and flaking seems to require a
shear strength of at least 5,000 kPa and a tensile strength
of 1,800 kPa on smooth-planed western redcedar.
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Figure 9—Paint adhesive strength (shear and tension) of the alkyd-oil primer compared with the cracking or
flaking evaluations of the WRP/alkyd/latex paint system after 14 years of outdoor exposure. (a) shear strength
versus cracking, (b) shear strength versus flaking, (c) tensile strength versus cracking, and (d) tensile strength
versus flaking. The number of weeks of preweathering is shown with each data point. The R2 values are 0.81,
0.98, 0.61, and 0.56 for (a) through (d), respectively. If the two-week data are not included in the regression
analysis for (c) and (d), the R2 values are 0.73 and 0.97, respectively.

CONCLUSIONS

The exposure of unpainted smooth-planed, vertical-
grained western redcedar siding to weather for as little as
one to two weeks can shorten the service life of subse-
quently applied paints. For wood exposed unfinished for
16 weeks prior to painting, cracking in the paint film was
detected after only three years of outdoor exposure. In
contrast, boards that were not exposed to the weather
prior to painting were in almost perfect condition after 14
years of exposure. Paint adhesion tests gave a good indi-
cation of service life for those specimens exposed four or
more weeks prior to painting but did not indicate poten-
tial problems with cracking and flaking for specimens
preweathered for short periods because the paint–wood
bond strength was about the same as the wood strength.
The outdoor performance of painted wood that had been
preweathered for short periods showed that there was
undoubtedly some surface degradation caused by weather
on these specimens during the preweathering. It is im-
perative that smooth-planed lumber be painted promptly
during construction or that the wood be scuff-sanded
prior to applying the primer.

ACKNOWLEDGMENTS

We thank Peter Sotos for the years of field evaluations, for
maintaining the data of these evaluations, and for the
photographs; and we thank Mark Knaebe for preparing
the graphs.

References

(1) Feist, W.C. and Hon, D.N.-S., “Chemistry of Weathering and
Protection,” p. 401–451, in Chemistry of Solid Wood, R.M. Rowell
(Ed.), Advances in Chemistry Series, American Chemical Soci-
ety, Washington, D.C., 1984.

(2) Underhaug, Å., Lund, T.J., and Kleive, K., “Wood Protection—
The Interaction Between Substrate and the Influence on Dura-
bility,” J. Oil & Colour Chemists’ Assoc., 66, No. 11, 345 (1983).

( 3) Miller, E.R., “Chemical Aspects of External Coatings for Soft-
woods,” Symposium on Chemical Aspects of Wood Technol-
ogy, Swedish Forest Products Research Laboratory, Södergam,
Stockholm, Sweden, 1981.

( 4) Bravery, A.F. and Miller, E.R., “The Role of Pre-Treatment in
the Finishing of Exterior Softwood,” p. 14-23, in Proceedings of
the Annual Convention of the British Wood Pres. Assoc., 1980.

(5) Boxall, J., “Painting Weathered Timber,” Information Sheet
20/77, Building Research Establishment, Princes Risborough
Laboratory, Alyesbury, Bucks, England, 1977.

(6) Shurr, G.G., “Proper Coatings for Wood Exteriors,” Am. Paint-
ing Contractor, 12, 18 (1969).

(7) Desai, R.L., “Coating Adhesion to Weathered Wood,” Eastern
Forest Products Laboratory, Ottawa, Canada, Bi-Monthly Re-
search Notes, 23, No. 5, 36 (1967).

(8) Kleive, K., “Weathered Wooden Surfaces—Their Influence on
the Durability of Coating Systems,” JOURNAL OF COATINGS TECH-
NOLOGY, 58, No. 740, 39 (1986).

(9) Williams, R.S., Plantinga, P.L., and Feist, W.C., “Photodegra-
dation of Wood Affects Paint Adhesion,” Forest Prod. J., 40,
No. 1, 45 (1990).

(10) Arnold, A., Feist, W.C., and Williams, R.S., “Effect of Weather-
ing of New Wood on the Subsequent Performance of Semi-
transparent Stains,” Forest Prod. J., 42, No. 3, 10 (1992).

(11) Williams, R.S. and Feist, W.C., “Effect of Preweathering, Sur-
face Roughness, and Wood Species on the Performance of Paint
and Stains,” JOURNAL OF COATINGS TECHNOLOGY, 66, No. 828, 109
(1994).



R.S. Williams and W.C. Feist

72 Journal of Coatings Technology

(12) Evans, P.D., Thay, P.D., and Schmalzl, K.J., “Degradation of
Wood Surfaces During Natural Weathering. Effects on Lignin
and Cellulose and on the Adhesion of Acrylic Latex Primers,”
Wood Sci. Technol., 30, No. 6, 411 (1996).

(13) Williams, R.S., Winandy, J.E., and Feist, W.C., “Paint Adhesion
to Weathered Wood,” JOURNAL OF COATINGS TECHNOLOGY, 59, No.
749, 43 (1987).

(14) Thay, P.D. and Evans, P.D., “The Adhesion of an Acrylic
Primer to Weathered Radiata Pine Surfaces,” Wood and Fiber
Science, 30, No. 2, 198–204 (1998).

(15) American Society for Testing and Materials, “Test Method D
662-86 for Evaluation Degree of Erosion of Exterior Paints,”
Annual Book of ASTM Standards, Vol. 06.01, ASTM, Philadel-
phia, PA, 1991.

(16) American Society for Testing and Materials, “Test Method D
661-86 for Evaluation Degree of Cracking of Exterior Paints,”
Annual Book of ASTM Standards, Vol. 06.01, ASTM, Philadel-
phia, PA, 1991.

(17) American Society for Testing and Materials, “Test Method D
772-86 for Evaluation Degree of Flaking (Scaling) of Exterior
Paints,” Annual Book of ASTM Standards, Vol. 06.01, ASTM,
Philadelphia, PA, 1991.

(18) Forest Products Laboratory, “Wood Handbook—Wood as an
Engineering Material,” Gen. Tech. Rep. FPL–GTR–113, U.S.
Department of Agriculture, Forest Service, Forest Products
Laboratory, Madison, WI, 463, Table 4-3a, 1999.


