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The performance of 35 finishes (clear water-repellent Preservatives; lightly pigmented, wa­
ter-repellent preservatives; semitransparent stains; solid-color stains; and paints) applied to 
newly planed vertical-grained; factory-planed, flat-grained; or saw-textured, vertical-grained 
western redcedar bevel siding was evaluated for cracking, erosion, and general appearance over 
14 years of outdoor exposure at two sites (Madison, WI, and Gulfport, MS). Service life was 
dependent on the wood surface and increased in the following order: clear water-repellent 
preservatives; lightly pigmented, water-repellent preservatives; semitransparent stains; solid-
color stains; and paints. The performance was about the same for both the flat-grained and ver­
tical-grained smooth-planed bevel siding but was greatly improved for almost all finish systems 
on the saw-textured western redcedar bevel siding. 

INTRODUCTION 
Previous information on the service life of finishes on western redcedar 

was obtained from studies of vertical-grained lumber from old-growth 
forests using finishes that are no longer available. From previous studies at 
the USDA Forest Products Laboratory (Madison, WI), the performance of 
finishes formulated prior to 1990 on saw-textured and planed western red-
cedar (Thuja plicata), redwood (Sequoia sempervirens), Southern Pine (Pinus 
sp),1,2 and aspen (Populus tremuloides)3 were reported. Others have compared 
the performance of paint systems on smooth and saw-textured 

All architectural finishes for use in the United States were reformulated in 
the early 1990s to lower their volatile organic compound (VOC) content to 
meet air quality legislation. At the time this study was started, little informa­
tion was available on the long-term performance of these low-VOC finishes. 
Nor had any work been done to compare the performance of these new low­
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VOC finishes on flat-grained bevel 
siding from second- and third-growth 
forests. 

We report here the performance of 
35 finishes used in 49 finish systems 
on newly planed vertical-grained fac­
tory-planed flat-grained; or saw-tex­
tured vertical-grained western red-
cedar bevel siding. Finishes included 
dear water-repellent preservatives, 
lightly pigmented water-repellent 
preservatives, semitransparent stains, 
solid-color stains (also called full-
bodied stains or opaque stains), and 
acrylic and alkyd paints. All finishes 
were readily available commercial 
finishes and were applied under labo­
ratory conditions. It is not the intent 
of the study to compare the perform­
ance of the various brands of finish, 
but rather to obtain general perform­
ance information for various types of 
finish on the different substrates (for 
example, to determine the expected 
service life of a typical semitranspar­
ent stain on saw-textured and 
smooth-planed bevel siding). The ef­
fect of a water-repellent preservative 
(WRP) on the perform­
ance of several paint and solid-color 
stains is also evaluated. 

EXPERIMENTAL 

Materials 
Western redcedar bevel siding was 

obtained from lumber dealers in 
Madison, WI. Bevel siding was nomi­
nal 6 in. (150 mm) and was obtained 
in 12-ft (3.66 m) lengths. The verti­
cal-grained siding was an all-heart­
wood clear grade having growth rates 

growth ringsin the range of 
per inch (10-11 per cm). As received, 
the siding had one side smooth-
planed and one side saw-textured. 
The factory-planed surface was 
planed again in our laboratory sev­
eral days prior to finishing and stored 
in one of our controlled-humidity 
rooms (65% relative humidity (RH) 
and 27 ° C) until it was finished. 
Approximately 1 mm was removed 
from the surface. The flat-grained 
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Figure 1–Paints and 
two-coat solid-color 
stains (Group D) after 
10 years outdoor expo­
sure near Gulfport, MS. 

Figure 2-Generalappearance evaluations for a red 55% solids oil-
based solid-color stain (SCS, C-5, Table 1) exposed near Madison, WI 
(NP VG: newly planed vertical-grained; FP FG: factory-planed flat-
grained; ST VG: saw-textured vertical-grained). 

Figure 3-Generalappearance evaluations for a clear 67% solids repel­
lent-preservative (WRP, A-7. Table 1) exposed near Madison (NP VG, 
newly planed vertical-grained; FP FG: factory-planed flat-grained; ST 
VG: saw-textured vertical-grained). Boards were refinished after 2, 4, 
and 6 years (arrows). 

bevel siding was all heartwood select-knotty grade with 
small tight knots having approximately two to three 
growth rings per cm. This siding was also stored in our 
controlled-humidity room prior to being finished. 
Siding was cut to 47.75 in. (1.21 m) lengths (hence­
forth referred to as 4-ft boards) and each board was 
marked with a pencil with seven 6-in. (150 mm) sec­
tions for the various finishes, with approximately 3 in. 
(76 mm) on each end to remain unfinished. 

All finishes were purchased from paint stores in 
Madison, WI. Their description and general characteris­
tics are given in Table 1. The description includes the 
type of color, binder, solids content, volatile content, 
water content, VOCs, and preservatives/mildewcides. 
Solids content was determined using the ASTM D 
2832-83 procedure. Finishes are grouped in six general 
categories: clear and lightly pigmented water-repellent 
preservatives (Group A), semitransparent stains (Group 
B), solid-color stains (Group C), paints (Group D), 
solid-color stains with a WRP pretreatment (Group E), 
and paints with a WRP pretreatment (Group F). Within 
each group are seven finishes except in Group A, which 
has 14 finishes. Hereafter, when the finish groups are 
mentioned, the reader can refer to Table 1. Seven Group 
A (1 to 7) finishes were laboratory-applied at the be­
ginning of the study These finishes lasted less than two 
years and were subsequently reapplied in the field (first 
refinish). Note that finish A-2 is the same as A-9 and A­
7 is the same as A-14. For all other Group A finishes 
(A1, A3, A4, A5, and A6), a different finish was used in 
subsequent years for the second and third refinish. 
Some of the original seven finishes were no longer 
manufactured. 

Figure 4-Generalappearance ratings for a redwood color 24% solids 
alkyd-modified acrylic waterborne semitransparent stain (STS, B-1, 
Table1)exposednearMadison (NPVG: newlyplaned,vertical-grained; 

factory-planed flatFP -grained; ST VG: saw-textured vertical-
grained). 
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Figure 5-Finishcracking ratings for a white 78% solids oil-based, sol­
ventborne solid-colorstain (SCS, C-1, 1) exposed near Madison 
(NP VG: newly planed vertical-grained; FG: factory-planed flat-
grained: ST VG saw-textured vertical-grained), 

Cleaning solution was one part household bleach 
(5% sodium hypochlorite), three parts water, and a 
small amount of powdered detergent. 

Methods 
FINISHING-Within each type of bevel siding (factory. 

planed flat-grained; newly planed vertical-grained; and 
saw-textured vertical-grained), the 4-ft boards were ran­
domized, and three boards were used for each finish 
system. Six general categories of finish were applied to 
each of these three-board sets. Each category of finish 
had seven finishes-one for each section within each of 
the 4-ft boards. This gave a total of 54 4-ft boards for 
each outdoor exposure site. One site is located approxi­
mately 5 km west of Madison, WI, and the other site is 
located approximately 15 km north of Gulfport, MS. 
These sites have distinctly different climates. The 
Madison site has four seasons with rather severe win­
ters, and the Gulfport site is a maritime climate with 
hot humid summers and mild winters. 

All 4-ft boards were initially finished under ambient 
laboratory conditions; the spread rates are given in 
Table 2. Finishes in Group A were reapplied in the field 
and field-applied spread rates were not determined. 
Prior to field application (refinishing) of the boards in 
Group A, the boards were cleaned with a mild house­
hold bleach and detergent mixture. Bleach solution was 
applied using a soft-bristle brush and thoroughly rinsed 
with water after 15 min. Boards were refinished after 
they dried, usually the next day. All other finishes 
(Groups B to F) were applied only once at the begin­
ning of the study. All finishes were brush applied. 

The 4-ft boards were attached to a vertical test fence 
facing south with a single screw at each end and there 

was a ¼-in. (6 mm) gap between each board. Nine 
boards were placed in each section of the fence (Figure 1). 

EVALUATION-With the exception of Group A each of 
the finish systems was evaluated once a year over 12 to 
14 years. The finishes in Group A were evaluated more 
often (approximately every six months). The service life 
of the clear and lightly pigmented finishes (Group A) 
was determined from the general appearance evalua­
tions (listed as "General" in the tables and figures). 
Semitransparent stains were evaluated for "erosion," 
and the solid-color stains and paints were evaluated for 
"cracking" and "general appearance." Evaluations for 
erosion, cracking, and general appearance were in ac­
cordance with ASTM D 662-93, D 661-93, and D 3274­
88, respectively.' A rating of "10" indicates no degrada­
tion, and "1" indicates total failure of the coating 
system. A rating of "5" indicates a condition at which 
the coating should be refinished without having to do 
excessive surface preparation (in other words, the ap­
proximate service life). 

DATA REDUCTION-The data for each of the finish sys­
tems were plotted to show performance over the 14­
year exposure on each of the three different surfaces 
(newly planed vertical-grained (NP VG); factory-planed 
flat grained (FP FG); and saw-textured vertical-grained 
(ST VG)). The plots showed the average and standard 
deviation of the three observations for each of the fin­
ish systems on each of the surfaces. For example, the 
general-appearance ratings over 14 years for a red 55% 
solids oil-based solid-color stain (Group C, finish C5) 
exposed near Madison is shown in Figure 2. The stan­
dard deviations are the bars at each average point in the 
plots. 

Most finishes had four plots ("General Appearance" 
and "Cracking" for Madison and Gulfport), which to-

Figure 6-Paintcracking ratings for a white 77% solids alkyd primer 
and 57% solids acrylic topcoat (D-6) exposed near Madison (NP VG: 

FG: factory-planednewly planed vertical flat-grained: -grained; ST 
VG: saw-texturedvertical-grained). 
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Figure 7-Paintcracking ratings for white 78% solids oil-based solid-
color stain (E-1) with a solventborne water-repellent preservative 
(WRP) pretreatmentexposed near Madison (NP VG: newly planed ver­
tical-grained; FP FG: (factory-planed flat-grained); ST VG: saw-tex­
tured vertical-grained). 

talled almost 200 plots for all the finish wood combi­
nations. Only a few representative plots are included. 
The service life was determined as the time it took for 
the average rating to reach "5" on the evaluation scale. 
The service life (time on the abscissa) of each finish is 
the intersection of the performance line with the five-
year line (ordinate). For example, the service life of fin­
ish C-5 (solid-color oil stain, Figure 2) was about nine 
years on newly planed vertical-grained, 13 years on fac­
tory-planed flat-grained boards, and more than 14 

Figure 8-Paintcracking ratings for a white 77% solids alkyd primer 
and 57% solids acrylic topcoat (F-6) with a solventborne water-repel­
lent preservative (WRP) pretreatment exposed near Madison (NP VG: 
newly planed vertical-grained; FG: factory-planed flat-grained; ST 
VG: saw-texturedvertical-grained). 
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years on saw-textured vertical-grained lumber. The serv­
ice life for each finish is tabulated in the various tables. 
The performance line often intersected the five-year 
line between years. The closest year was listed in the ta­
bles: clear penetrating finishes (Table 3A,B), semitrans­
parent finishes (Table 4), solid-color stains (Table 5 and 
7), and paints (Table 15 and 8). Tables include the serv­
ice life for both the Madison and Gulfport field sites. 

RESULTS AND DISCUSSION 
The performance of the various finish systems on 

the three different substrates varied greatly. Many of 
the clear and lightly pigmented finishes (Group A) 
lasted less than six months, whereas some of the solid 
color stains and paints were in excellent condition after 
14 years. The most important factor in determining the 
service life was the type of finish. In general, the rank­
ing in decreasing order of service life was as follows: 
paints, solid color-stains, oil-based semitransparent 
stains, water-based semitransparent stains, lightly pig­
mented WRPs, and clear WRPs. 

After the type of finish, next in importance is the 
wood surface. In general, each of the finish systems 
had longer service life on the saw-textured vertical-
grained bevel siding. The vertical grain surface is 
marily comprised of early wood, which absorbs the 
finish better than latewood. The saw-textured surface 
has no planer-induced surface stresses, which can place 
stress on subsequently applied coatings.8 The saw-tex­
tured surface accepts more finish, which gives a greater 
film thickness than smooth-planed surfaces. In general, 
we found little difference between the newly planed 
vertical-grained surface and the factory-planed flat-
grained surface with some exceptions noted in the fol­
lowing subsections. The service lives for finishes within 
each of the six finish systems (Group A to F) are given 
in the following subsections. 

Clear and Lightly Pigmented
(Group A) 

General appearance ratings for finish system A-7 
(A-14) show considerable difference over the 14 years 
(Figure 3). The initial finish application lasted less than 

months, and the boards were refinished after two, 
four, and six years. The finish was not evaluated after 
refinishing at two years. Not evaluating the finish sys­
tems immediately after they were refinished was an 
oversight because in many cases the ratings fell below 
"5" within six months of refinishing. To compare the 
ratings among the various finish systems, the informa­
tion on the various plots (such as shown in Figure 3) is 
tabulated for each of the finishes on each of the sub­
strates. The times (years) that it took for the rating to 
drop below "5" are tabulated (Table 3A (Madison) and 
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different and possibly less conducive to mildew 
growth-themajor factor causing decrease in appear­
ance evaluations. Some of the lightly pigmented fin­
ishes performed well for more than three years. Note, 
however, that the ratings were lower for the Gulfport 
site because of more mildew growth in the warm, moist 
climate. One of the finishes (A-11) showed poorer per­
formance on the saw-textured bevel siding. However, in 
general, the type of surface (smooth-planed or saw-tex­
tured, vertical-grained or flat-grained) had little overall 
effect on the general appearance ratings of these fin­
ishes (Group A-1 to A-14), primarily because of mildew 
growth. It was difficult to differentiate among the vari­
ous finish-substrate combinations because many of the 
finishes failed within one year. 

SemitransparentStains (Group B) 

A typical example of the plots of finish general ap­
pearance ratings compared with time for the three types 
of substrate is shown in Figure 4. The bars indicate the 
standard deviation for the three replicates for each type 
of substrate. As with the Group A finishes, the service 
life was extracted from these plots and tabulated (Table 
4). For example, values extracted from Figure 4 are 
shown in bold type in Table 4. Twenty-seven additional 
plots were used to obtain performance data on these 
seven finishes and are summarized in Table 4. Erosion 
and general appearance are shown in Table 4. It is inter­
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esting that finish B-3 (oil-based solventborne semi­
transparent stain having 76% solids) had excellent per­
formance for both erosion and general appearance in 
Madison, but performed poorly in Gulfport because of 
mildew growth. 

All finishes performed better on the saw-textured 
bevel siding. Some of the finishes lasted more than 10 
years (Table 4). The general appearance ratings were 
generally lower for the Gulfport site, particularly for 
two of the oil-based formulations (B-3 and B-4). In 
some cases, finishes on the factory-planed flat-grained 
siding gave better performance than on the newly 
planed vertical-grained siding, but this was not univer­
sal. No general trends were apparent other than the su­
perior performance of all finishes on the saw-textured 
surfaces. In evaluating finish performance (Table 4) on 
the basis of formulation (Table 1), several observations 
can be made. These finishes perform poorly on smooth 
wood. They generally fail in appearance because of 
mildew growth prior to failing by erosion. There seems 
to no correlation between the solids content and per­
formance. 

Solid-Color Stains, No WRP 
Pretreatment (Group C) 

A typical example of the plots (Figure 5) and the 
service life (Table 5) for this group of finishes shows 
that the performance is excellent on the saw-textured 
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bevel siding. Many of the finishes lasted more than 12 
years at both sites. The cracking ratings were to 
for many of the finishes. The general appearance rat­
ings were also high for the Madison site (ratings of "5" 
to "7" after 12 years), but were slightly lower for some 
of the finishes (C-1, C-2, C-3, and C-4) at Gulfport be­
cause of mildew. Those finishes with red iron oxide 
pigments (C-5, C-6, and C-7) had higher ratings than 
the white-pigmented finishes. In general, the service 
life was slightly less on the newly planed bevel siding. 
The two-coat oil/latex finish system (C-7) gave excel­
lent performance on all substrates at both sites. 
Finishes C5, C-6, and C-7 containing red pigment had 
higher appearance ratings at the Gulfport site, even on 
the smooth-planed siding. The dark color may have ob­
scured the mildew growth. 

Paints, No WRP Pretreatment (Group D) 

Although Group D is labelled paints, D-1 and D-2 
were solid-color stains. They were two-coat systems and 
thus had application rates similar to the paint systems 
(D-4–D-6) (Table 2). Figure 6 shows the paint cracking 

ratings for an alkyd primer/acrylic topcoat paint system 
exposed near Madison. Almost all finishes lasted more 
than 14 years on all substrates at both sites (Table 6). 
However, the ratings were higher for finishes on the 
saw-textured bevel siding. Note that three ratings are 
marked with a superscript "d" [general appearance rat­
ings for saw-textured surface for D-2, D-3, and D-6 
exposed near Gulfport (Table 6)]. For these finish sys­
tems, the rating dropped below "5" during the first few 
years, then was above "5" for several years until the fin­
ish failed. The service life was determined from the sec­
ond drop below "5." This type of inconsistent perform­
ance was caused by mildew. The mildew growth was 
severe during the early exposure period, probably be­
cause of the weather. As with the other finish systems, 
the general appearance ratings were less for the 
Gulfport site. "cracking" evaluations for finishes D­
3 and D-4 were rather surprising. Note that the service 
life was higher at Gulfport and Madison for the factory-
planed flat-grained siding than for the newly planed 
vertical-grained siding. We have no explanation for 
result and it is not consistent with the evaluation of the 
other five finish systems. 
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Solid-Color Stains, with WRP 
Pretreatment (Group E) 

The solid-color stains used in Group E were the 
same as those used in Group C, except that a WRP was 
applied to all 4-ft boards prior to applying the solid-
color stain. For example, the performance of an oil-
based solventborne solid-color stain with the WRP pre­
treatment (E-1, Figure 7) can be compared with the 
same solid-color stain without the pretreatmant (C-1, 
Figure 5). The service life for all finish systems obtained 
from the "cracking" and "general appearance" ratings 
show that the performance of all finishes on the saw-
textured bevel siding was about the same for Group C 
(no WRP, Table 5) and Group E (with WRP, Table 7). 
The results for the smooth-planed siding were quite dif­
ferent. In general, the service life was less for the Group 
E finish systems than for the Group C finish systems. 
This was quite surprising, as we expected better per­
formance with the WRP pretreatment. The only expla­
nation we can offer is that the amount of finish ac­
cepted by the planed surface following the WRP 
pretreatment was considerably less for many of the 
solid-color stains (Table 2). Little apparent difference 
was evident between the WRP-treated and untreated for 
the newly planed vertical-grained siding and the fac­
tory-planed flat-grained siding. 

Paints, with WRP Pretreatment (Group F) 

The finishes used in Group F were the same as those 
used in Group D, except that a WRP was applied to all 
4-ft boards prior to applying the finishes. This is illus­
trated by comparing the WRP/alkyd primer/acrylic top­
coat (F-6, Figure 8) with the same primer and topcoat 
without the WRP (D-6, Figure 6). In general, the per­
formance of all finishes on all substrates was about the 
same for those 4-ft boards treated with the WRP pre­
treatment (Group F, Table 8) and those without the 
WRP pretreatment (Group F, Table 6 )  for both sites. 
This is in agreement with a previous study that showed 
little benefit from a WRP pretreatment on western red-
cedar, but did show considerable benefit for difficult­
to-paint species, such as southern pine.9 

CONCLUSIONS 
In general, the performance of finish systems was far 

superior on the saw-textured bevel siding than on the 
smooth-planed siding. The exception to this was the 

multi-coat solid-color stains and paint systems. These 
paint systems performed well on all substrates. There 
was little difference between the factory-planed flat-
grained siding and the newly planed vertical-grained 
siding after 14 years of outdoor exposure near Madison 
and Gulfport. The dear and lightly pigmented water re­
pellent preservatives used to refinish the bevel siding 
the second and third times performed better than the 
original formulations. It appears that those more mod­
em formulations (those developed after 1995) were 
better than those developed in the late 1980s. On the 
basis of data obtained from this study, it appears that 
the WRP had no positive effect on the performance of 
finishes on the three different western redcedar sub­
strates. 
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