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he 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),2 and aspen (Populus tremuloides): were reported. Others have compared
the performance of paint systems on smooth and saw-textured pltww-ad.*®

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-

*One Gifford Pinchot Drive, Madison, W1 53726.
‘Author to whom correspondence should be addressed. Email: rswilliams@fs.fed.us.

JCT Coatings Tech



T&blE’ 1—Description of Finishes

Product Description Pigment Lb/Gal frams,fcc Solids % Volatile % Water % VOL %
A 1 Thompson Water Seal Clear solventborne WH Clear 6.56 0,798 14,6 B5.4 0.1 85.3
2 Thompson Wd. Prot, Clear mineral ofl WRF Clear 7.10 0.851 95.8 A2 0.1 4.1
3 X-100 Clear natural oil-based WRP Clear 1.16 0.858 2.6 1.4 0.1 13
4 Carver Tripp 5 Poly Clear 30% solids W8 WRP Clear B.64 1.035 30.4 69.6 49.6 412
5 Lifetime Sealant Clear 5% solids WB WRP Clear 10.58 1.268 4.8 85.2 o1 56,7
6 Masterguard Wd, Sealer Clear 20% solids WEB WRP Clear B.4d 1.011 19.5 BOS 804 0.5
7 Walman WRP Clear 67% solids oil-based 58 WRP Clear 7.25 0.869 6.8 332 2.9 31
(New WRPs used May,/06)
A B Woodlife YOO Waterborne Clear 4% solids WB WRP Clear 8,38 1.004 1.5 B6.5 064 0.5
9 Thompion Wd. Prot. Clear mineral oil WRP Clear 110 0.E51 95.8 4.2 2.1 &1
10 %-100 Cedartone Tinted 45% solids WB WRS Cedar 1.59 0.957 &4.6 55.4 46 «10
11 Amteco TWF 100 Clear Clear 14% solids 5B WRP Clear 6.85 0.821 13.8 86.2 0.6 6.1
12 Cuprinal CWP Clear 10% solids WB WRP Clear 813 0.998 105 825 Bh, 4 3.2
13 Cuprinol Copper Naphth, Tinted 55% solids 5B WRP Green 1.12 0.853 55.4 646 0.1 44,3
14 Wolman WRF Clear 67% solids ofl-based 58 WRF Clear 7.25 0.869 66.8 33.2 29 31.1
B 1 Dy, Marathon Alk. /Lat. Redwood 24% solids alkyd mod. acrylic WB 515 Redwaoad 9.09 1,089 23.6 T6.4 75.6 4.6
4 Oly. Marathon Aciylic Lat. Redwood 27% solids acrylic latex WB 515 Redwood B.98 1.078 2711 7.9 51.0 348
3 Lindsey ST il Stain Cedar 76% solids ofl-based S8 STS Cedar Br, 7.63 0.914 75.9 24.1 0.2 231.9
4 Duckback 04l 5T Stain Cedar 60% solids oil-based SB 515 Cedar 1.7 0.859 56.9 43.1 0.1 43.0
5 PratteLam, 5T Lat, Stain Pigmented 27% solids W8 515 Rustic B.6& 1.038 6.8 T3.2 59.3 36.3
[ Oly. WR 5T Lat. Stain Cedar 27% solids WB 515 Cedar 9.02 1.081 28.6 T1.4 65.5 20.4
7 Lifetime ST Ol Stain Cedar 6% solids 5B 575 Cedar 10.63 1.274 6.4 93.6 0.1 54.7
L 1 PratteLam. SC Alkyd Stain White 78% solids ofl-based 58 505 White 12.29 1.473 77.8 2.2 0.2 22.1
Z Prattelam, 5( Latex Stain White 45% solids acrylic-based WB 5C5 White 10.43 1.250 44.9 5.1 51.4 10.4
L Mautz 5C 04l Staln Tan 54% solids ofl-based 58 S5 Tan 9.27 1.111 54.5 45.5 0.6 45.2
4 Mautz 5C Latex Stain Tan 3%% solids acrylic-based WB 55 Tan 10.01 1.199 8.7 61.3 56.5 15.0
5 Qly. 5C 0il Stain Red 55% solids oil-based 5B 5C5 Red B.65 1.038 55.4 44,5 0.1 44.5
] Oly. 5C Lates Stain Red 38% solids acrylic-based WA 5C5 Red 10.03 1,202 37.6 62.4 56,3 15.0
7 Oly. SC ils 5C Lat. Stain Red 55% solids oil-primer + 38% solids acrlic 5C5 Rad B.710 1.04/1.2 5518 45 /62 0.1/56.3 4519
1] 1 Dly. 5C 0Ol Stain (2 cts.) Red 55% solids oil-based SC5 (2 coats) Red B.7/8.7 1.04/1.04 55.4,/55.4 64,6,/84.5 0.1/ 44.5/44.5
i Pratt+Lam.SC Oil/+5C Lat, White 78% solids oil-based 505 + 45% sollds acndic 505 White 12.3/10.4 1.47/1.25 T8/45 22/55 0.2/51.4 22.1/10.4
3 Pratt+Lam. 0il pr.+{il Top. White BO% solids alkyd primer = 71% solbds alkyd TC White 11.8/9.7 1.42/1,16 BO.5/71.2 19.5/28.8 0.4,/0.1 19.2/28.7
4 Pratt+Lam.Lat.pr.+Lat.Top White 38% solids latex primer + 46% solids latex TC White 0.76,/9.93 1.17/1.19 38.3/46.1 61.7/53.9 42.1/22.1 38.8/43.2
5 Lucite Lat.pr.+ Lat.Topcoat White 48% solids acrylic primer + 57% solids acnglic TC White 10.0,/11.0 1.20/1.31 48,3570 51.7/43.0 50.9/40.4 2.0/5.6
6 Lucite Dilpr.+ Lat.Topeoat White 77% solids alkyd primer « 57% solids acrylic TC White 11.6/11.0 139/1.31 77.1/57.0 22.9/43.0 0.2/40.4 22.7/5.6
7 5/W A-100 Gil pr.+Lat-Top, White T4% solids alikyd primer + 53% solids acrylic TC White 11.0/11.1 1.32/1.33 74.5/52.8 25.5/47.2 0.3/45,2 25.3/5.1
Woodlife Wood Presery. + Clear 6.65 0.797 6.4 93.6 0.1 63.6
E 1 Pratt+Lam, SC Alkyd Stain 5B WRP « White 78% solids odl-based 58 505 White 12.29 1.473 1.8 2.2 L2 2.1
2 PrattsLam, SC Latex Stain SB WRP » White 45% solids acrylic-based WB 505 White 10.43 1,250 44,9 55,1 51.4 10,4
3 Mautz 5C 03l Stain 5B WRF « Tan 54% solids oil-based 5B SCS Tan 9.27 1.111 54.5 45,5 0.6 45.2
4 Mawtz 5C Latex Stain 5B WRP = Tan 39% solids acrylic-based WB 5(5 Tan 10,01 1,199 38.7 61.3 56.5 15.0
5 Oly. SC Ol Sxain 5B WHP + Red 55% solids oil-based 5B 5(5 Red B.66 1.038 56.4 W46 0.1 44,5
] Oly. 5C Latex Stain 58 WRF + Red 38% solids acrylic-based W8 5.5 Red 10.03 1.202 7.6 B2.4 56.3 19.0
T Dly, SC Oik+ 5C Lat, Stain 5B WRP + Red 55% solids ail-primes + 38% solids acrylic 505 Red 8.7/10 1.04/1.2 55/38 4562 0.1,/56.3 45718
WHE+
F 1 Oly. SC Gl Stain (2 cts.) SB WRP + Red 55% solids ofl-based 505 (2 coats) fed 8.7/8.7 1.04/1,04 55.4/55 4 bk 6645 0.1/0.1 £4.5/44.5
2 FrattsLam.5C 0il/+5C Lat. 58 WRF + White 78% solids oil-based 5C5 + 45% solids acrylic SCS ~ White 12:3/10.4 1.47/1.25 78/45 22,55 0.2/51.4 22.1/10.4
3 PratteLam, Oil pr.+0il Top. 58 WRF + White B0°% solids alkyd primer + 71% solids alkygd TC Whits 11.8/9.7 1.42/1.18 §0.5/71.2 19.5/28.8 0.4/0.1 19.2/28.7
4 PratteLam.Lat.pr.+Lat.Top, 58 WRP = White 38% sollds latex primer + 46% solids latex TC White 0.76/9.93 1.17/1.19 58.3/46.1 61.7/53.9 42.1/22.1 38,8/43.2
5 Lucite Lat.pr.+ Lat.Topooat 5B WRP + White 48% solids acrylic primer + 57% solids acrylic TC  White 10.0/11.0 1.20/1.31 48.3/57.0 51.7/43.0 50.9/40.4 1.0/56
B Lucite Dil.pr.+ Lat.Topooat 5B WRP + White 77% solids alkyd peimer « 57% solids acrylic TC White 11.6/11.0 1.39/1.31 77.1/87.0 22.9/43.0 0.2/40.4 22.7/5.6
7 5/W A-100 Ol pr.+Lat.Top, 5B WRP + White 74% solids alkyd primes + 53% solids acnylic TC White 1L.0/11.1 1.32/1.33 T4.5/52.8 25.5/47.2 0.3/45.2 25.3,/5.1



Table 2—spreading Rates of Applied Finishes in Square Feet

Madisan Gulfpart
NP VG NP VG STYG STVG FP Fa FP FG NP VG NP VG ST VG 5TVG FFP FG FF FG
Sq ft/gal L Sq ft/gal £ Sq ft/gal A 5q f/gal ml 5q ft/gal il q ft/gal miA
A 1 530 13.0 210 5.1 550 13.5 635 . 15.6 260 6.4 506 12.4
F 4l 10.8 185 4.5 510 12.5 480 11.8 240 5.9 450 11.0
3 545 13.4 185 4.5 505 12.4 525 12.9 225 5.5 445 10.9
' 395 9.7 195 4.8 355 B.7 390 0.6 210 5.1 375 8.2
5 310 7.6 155 3.8 315 7.7 325 B.O 160 39 285 7.0
] 370 8.1 175 4.3 355 B.7 345 B.5 185 4.5 345 B.5
T 510 12.5 225 5.5 490 12.0 550 13.5 205 5.0 465 11.4
B 1 500 12.3 225 5.5 470 11.5 445 10.9 175 4.3 &0 10.8
2 485 11.9 195 4.8 550 13.5 465 11.4 190 4.7 555 13.6
3 490 12.0 190 4.7 500 12.3 515 12.6 205 5.0 R55 13.6
& 470 11.5 200 4.9 450 11.0 405 9.9 205 5.0 475 11.6
5 475 11.6 185 4.5 510 12.5 450 11.0 195 4.8 410 10.0
[ 455 11.2 165 4.0 535 13.1 450 11.0 205 5.0 435 10.7
7 270 5.6 120 2.9 245 5.0 235 5.8 125 31 255 6.3
Gl 460 11.3 250 6.1 460 11.3 4§35 10.7 230 5.6 430 10.5
2 395 9.7 230 5.6 485 11.9 420 10.3 230 5.6 460 11.3
3 480 11.8 220 5.4 465 11.4 515 12.6 240 5.9 480 11.8
& 420 10.3 215 53 Gis 10.9 395 9.7 215 5.3 465 11.4
5 520 12.7 215 5.3 520 12.7 610 14.9 240 5.9 450 11.0
B 395 8.7 175 4.3 415 10.2 360 5.8 205 5.0 375 9.2
7 575 14.1 250 6.1 620 15.2 630 15.4 280 6.9 700 17.2
635 15.6 390 9.6 B65 16.3 Ga0 16.7 395 9.7 730 17.9
D 1 425 10.4 225 5.5 410 10.0 460 11.3 200 4.9 435 10.7
660 16.2 h95 14.6 660 16.2 B45 15.8 595 14.6 585 14.3
2 410 10.0 235 5.8 465 11.4 460 11.3 230 5.6 430 10.5
760 18.6 645 15.8 825 20.2 B45 20.7 645 15.8 745 20.7
3 445 10.9 240 59 470 11.5 455 11.1 240 .9 425 10.4
625 15.3 370 9.1 610 14.9 565 138 405 9.9 580 14.2
4§ 380 9.3 180 4.4 370 9.1 360 B.8 185 4.5 365 8.9
340 20.6 S45 10.9 1025 25.1 o950 233 450 11.0 950 23.3
5 375 9.2 200 4.9 450 11.0 405 9.9 205 5.0 425 10.4
715 17.5 465 11.4 730 17.9 705 17.3 500 12.3 650 15.9
] 415 10.2 195 4.8 370 9.1 355 B.7 205 5.0 345 B.5
200 19.6 515 12.6 T40 18.1 850 20.8 525 12.9 115 17.5
7 425 10.4 225 5.5 395 9.7 430 10.5 230 5.6 390 0.6
475 11.6 335 B.2 490 12.0 510 12.5 340 8.3 465 11.4

Table 2 continued on next page.
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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—Generahppearance evaluations for a red 55% solids oil-
based solid-colorstain (SCS, C-5, Table 1) exposed near Madison, WI
(NP VG: newly planed vertical-grained; FP FG: factory-planed flat-
grained; ST VG: saw-texturedvertical-grained).

C-5 Finishing System — Madison
Olympic SCS Red Oil Stain

il

O=NWLEHD~NDDOO

Evaluations — General

I T 1 [ [ i)
012 3456 78 91011121314
Years of Outdoor Exposure
—8—NPVG —*—FPFG —&—S5TVG

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 3—Generalppearance 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).

A-7/A-14 Finishing System — Madison
Wolman WRP Clear

O =W hahth N0 ©O

Evaluations — General

0 12 34 56 78 9 10111213 14

Years of Qutdoor Exposure
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Figure 4 — Generappearance ratings for a redwood color 24% solids
alkyd-modified acrylic waterborne semitransparent stain (STS, B-1,
Tablel)exposednearMadison (NPVG: newlyplaned, vertical-grained;
FP FG: factory-planed flat-grained; ST VG: saw-textured vertical-
grained).

B-1 Finishing system — Madison
Olympic Marathon Redwood STS Alkyd Stain

C=s=MNWhaNO~DOO

Evaluations — General

012345678 91011121314

Years of Outdoor Exposure
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Figure 5— Finistracking ratings for a white 78% solids oil-based, sol-
ventborne solid-colorstain (SCS, C-1, Table 1) exposed near Madison
(NP VG: newly planed vertical-grained; FP FG: factory-planed flat-
grained: ST VG saw-textured vertical-grained),

C-1 Finishing System — Madison
Pratt & Lambert SCS White Alkyd Stain
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Years of Outdoor Exposure
—B—NP VG —+—FP FG —&— ST VG

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

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

EvaLuaTion—Withthe 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).

DaTta RebucTioNn—Thedata 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 Cb5)
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 —Paimracking ratings for a white 77% solids alkyd primer
and 57% solids acrylic topcoat (D-6) exposed near Madison (NP VG:
newly planed vertical-grained: FP FG: factory-planed flat-grained; ST
VG: saw-texturedvertical-grained).

D-8 Finishing System — Madison
Lucite White Qil Primer + White Latex Topcoat
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Figure 7 — Paintacking 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-planedflat-grained); ST VG: saw-tex-
tured vertical-grained).

E-1 Finishing system — Madison
Woodlife WRP Pretreatment
Pratt & Lambert SCS White Alkyd Stain
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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 — Paintacking 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; FP FG: factory-planed flat-grained; ST
VG: saw-texturedvertical-grained).

F-6 Finishing system — Madison
Woodlife WRP Pretreatment
Lucite White Qil Primer + White Latex Topcoal
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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 pri-
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.t 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
WRPs (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
18 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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TablE' _:EA_" fice Life ( Years) of Water-Repellent Preservatives (WRP) E» d Near Madison, WI

Initial Finish First Refinish Second Refinish Third Refinish

Finish Group and Finish Group and

Humber®= FP NP ST FP NP 5T Mumibes i NP ST FF NP k11

A-1-Clear 5B WR =0.5 =0.5 =0.5 ={0.5 =0.5 =0.5 A-B-Clear 4% S =.5 0.5 0.7 1 1 1
WE WRP

A-2=Clear mineral oil WRP 1.5 1.5 1.5 =(,5 0.5 =f},5 A-8-Clear mineral Z 1.5 2 1.5 1.5 1.5
oil WRP

A-3-Clear natural oil-based WRP 1.5 1.5 1.5 =05 =(0,5 =5 A-10=Tinted 45% S 1.5 1.5 15 1.5 1.5 1.5
WE WRP 2

A-4-Clear 30% S WB WRP 0.5 0.5 0.5 <0.5 =[5 <0.5 A-11-Clear 14% 5 1.2 1.5 1.5 3.5 3 2
5B WRP

A-5-Clear 5% S WB WRP 1 1 1 0.5 =(.5 0.5 A-12-Clear 10%: 5 <0.5 0.5 =(.5 3 3.5 3
WB WRP

A-6-Clear 20% 5 WB WRP 1.5 1.5 2 0.5 0.5 0.5 A-13-Tinted 55% 5 0.5 0.5 0.5 2.5 3 2
SB WRP

A-T-Clear 67% 5 oil-based SE WRP 1.5 15 27" =5 <0.5 =1 , A-14=Clear 67% 5 1 1 1 3 3.5 2.5

oil-based 58 WRP

Gulfport, MS

Inftial Refinish First Refinish Second Refinish Third Refinish

Finish Humber lid NP 5T i WP 5T Finish Mumber i NP ST FP NF 5T
A-1-Clear 5B WR <0.5 <(.5 <0.5 <5 =0.5 0.5 A-8 <05 =[0.5 =0.5 1 1.5 1.5
A-2=Clear mineral oil WRP 1.5 1.5 1.5 =0.5 27 =(.5 A-0 1.2 1.2 1.2 1.4 1.4 1.4
A-3-Clear natural oil-based WRP 1 L5 1.5 =0.5 =(.5 =0.5 A-10 0.5 1 0.5 1 1 1

A-4-Clear 30% S WE WRP <05 <0.5 <0.5 <0.5 <0.5 <{1.5 A-11 <0.5 =0.5 <0.5 3.5 2 1.5
A-5-Clear 5% 5 WB WRP 0.5 1.5 2 =0.5 =0.5 <0).5 A-12 <05 =0.5 <0.5 1.5 2 1.4
A-6-Clear 20% 5 WB WRP (1.5 0.5 1 0.5 (.5 =0,5 A-13 <0.5 =0.5 <{.5 2.5 3 2.5
A-T-Clear 67% S oil-based SB WRP 2 1 2 <0.5 0.5 =0.5 A-14 =(.5 0.5 0.5 15 15 15

(a) Service e wad determined cn the bagly of the average evaluations of genesal appearance.

{bj Each of the A-1 to A-7 fimishes were appiied Lo sectiont of three replicate boards.

{€) SB: solventbomne; WB: waterborne; WR: water repellent; 5: solids: STS: semitrarsparent stain: WRP: water-repellent preservatives; SC5; solid-color staing 10 tepooat: FR lactany-phened Dat-grained: MP: naly planed vertical-grained; 5T; saw-textured
(d} The second and third refinish wid done using finiihes A= to A-14,

() Valwe bn brackets indicates that the rating was =7 after 2 years.



Table 4—sService Life (Years) of Semitransparent Stains Exposed Near Madison or

Erosion General

Finish Mumber and

Description® lia NP 5T lia NP
B-1-Redwood 24% 5° 3 4 6 =15 <15
alkyd mod. acrylic

WE 5T5

B-2-Redwood 27% 5 2 2 [ 0.5 <1.5
acrylic latex WB 5T5

B-3-Cedar 76% S 6 6 12 [ 6
gil-based 5B 5T%

B-4-Codar 60% 5 1 1.5 2 0.5 1
oil-based 5B 575

B-5-Pigmented 27% 3 3 10 2 3
5 WB 5T5

B-6-Cedar 27% 5 5 5 9 0.5 0.5
WB 515
B-7-Cedar 6% S & _ 25 7 3 2
SB 5TS

Erosion General
L1 FP NP 5T i NP 5T
[ 3 2 10 3 <1 8
[ 0.5 2 7 «0.5 <(.5 6
11 & 4 11 2 1 L
5 =0.5 0.5 ={.5 <0.5 =05 <(.5
10 [ 3 10 5 3 10
7 3 0.5 10 =05 0.5 B
7 b6 2 9 <0.5 0.5 7

{a) Service life was determined on the basks of the average evaluations of erotion and general appearance

(b} Each of the B-1 to B-7 fintshes were agplied to sectiony of three replicate boards.

{c] 5B: solventhorne: WB: waterborne; WR: water repellent: S solids; STS: sesitransparent stain; SCS: sofid-color stain; TC: topeoat: FP: factory-plamed flat-grained; MP: newly planed vertical-grained:

ST: sarwi-tendumed

{d) The rating was below "5~ early in ik exposure, then above “5." The valug in the table is for the finsl deop below a rating of =5,

3B (Gulfport)). The values extracted from Figure 3 are
shown in bold type in Table 3A. These tables are not the
raw data from the evaluations; they contain the fin-
ished analysis of data taken from numerous evalua-
tions over many years. The values in the tables are the
service life determined from the "General Appearance”
evaluation.

The general appearance rating for the clear and
lightly pigmented finishes (Group A-1 to A-7) varied
from less than half a year to two years during the first
two years of exposure in both Madison and Gulfport
(Tables 3A and 3B). The “2|7]" for A-7 on the saw-tex-
tured bevel siding (ST VG) indicates that the rating was
7" after two years, the time at which it was refinished.
Surprisingly, we observed little difference between the
smooth-planed and saw-textured bevel siding. After two
years, the siding was cleaned with dilute household
bleach and detergent solution, allowed to dry, and re-
finished with Group A-1 to A-7. The ratings over the
next two years (years 2-4, Tables 3A and 3B) were lower
than for the first two years. Figure 3 is typical of other
figures for these finishes. It appears from the plot that
the boards were refinished only twice (prior to year 4
and year 8). The boards were refinished after two years
using finishes 1-7, but the appearance of the refinished
boards was not improved as shown by the evaluation at
two years. The general performance ratings during the
first four years were low because of considerable
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mildew growth. Mildew is also the reason that we saw
little apparent difference for the different types of bevel
siding. Almost all finishes failed within six months.
Table 1 lists the ingredients for the various finishes that
we could determine from the product labels and data
sheets and gives minimal data on formulation. Note,
however, that some of the finishes in Group A appar-
ently did not contain a mildewcide. Those finishes that
contained a mildewcide seemed to perform better than
those that did not (1.5-2 years service versus 0.5 years)
after the initial finish application. Performance was
about the same for all finishes after the first refinish
(about 0.5 years).

Four years after the study started (two years after first
refinish), the bevel siding was cleaned again and refin-
ished (Group A-8 to A-14). This group of finishes gave
much better service life on all three types of bevel sid-
ing for years four to six and after refinishing in year 6
(vears 6 to 14). We attribute this improved perform-
ance to the efforts by the finishing industry to obtain
longer service life for these clear and lightly pigmented
finishes. All finishes in this group contained mildew-
cides. The performance of finishes A-8 1o A-14 were
vastly superior to A-1 to A-7. This better performance
can be attributed to several factors: in general, the
solids content of the finishes were higher; the board
surfaces became more porous and thus absorbed more
finish as they weathered; and the weather was likely
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Table 5—service Life (Years) of Solid-Color Stains Exposed Near Madison or Gulfport?

Madison Guifport

Cracking General Cracking General
Finish Mumber and ~
Description®s FP NP 5T id NP k1 FP NP 5T FP NP ST
C-1-White 78% S B B 14 g 9 14 10 9 12 5 5 10
oil-based SB SC5 6] (6]
C-2-White 45% 5 '] 8 12 8 B 13 11 10 12 3.5 3.5 9
acrylic-based WB 5C5
C-3-Tan 54% 5 10 10 13 10 ] 14 11 10 14 7 & 10
oil-based 5B SCS [9]
C-4-Tan 39% 5 1 7 12 8 ] 10 ) 7 14 4.5 3 9
acrylic-based WB 5C5 [9]
(-5-Red 55% 5 13 9 14 12 9 12 12 10 14 11 9 12
vil-based 5B 5C5 171 6] 171 [9] (8]
(-6-Red 38% 5 9 7 14 10 10 12 12 11 14 11 11 12
acrylic-based WB 505 [7] [7] [8] [7
C=7-Red 55% S 14 14 14 12 12 12 12 11 14 12 12 12
oil-primer + 38% S [8] [6] - [8] [7] [7] [9] [6] [
acrylic 505

(a) Service life wan determined on the basis of the average evalustions of cracking and general appearance.

(B} 5B: solventbome: WE: waterborne; WR: water repelient; 5 sobids: §TS: samitranspasent staln; S0S; solid-cebor viein: T0: topeoat: FP factony-plamed Hat-grained; NP: newly planed vertical-grained;
5T saw-textured,

{c) Each of the [-1 to (-7 Finishes weee applied to sections of thies replicats boards,

(d)} Value in brackets indicates that the rating was “6% after 14 years.

Table 6—service Life Years) of Paints Exposed Near Madison or Gulfport®

Madison Gulfport

Cracking General Cracking General
Finish Number and
Deseription®* FP NP 5T P NP ST FF NP 5T P HP 5T
D-1-Red 55% 5 14 14 14 14 14 14 14 14 14 14° 14* 147
oil-based SCS (2 coats) [9] [10] 7 [7] [8] (71 (91 (8] (8] (7] (8]
D-2-White 78% § 12 14 14 10 12 14 14 14 14 8 8 10
oil-based SC5 + 45% S 7 [8] (8]
acrylic 505
0-3-White B0% S 13 fi 13 12 10 12 13 7 14 4 7 10
alkyd primer + 71% S (8]
alkyd TC
0-4-White 38% 12 7 14 10 10 10 13 g 14 5 4 10
S latex primer + 46% § [8] [8]
latex TC
0-5-White 48% 5 14 14 14 13 14 14 14 14 14 10 10 14
acrylic primer + 57% 5 [6] [9] (9] [7 8] [7] (8] (6]
acrylic TC
D-6-White 77% 5 13 14 14 9 12 12 14 14 14 7 7 10
alkyd primer + 57% § (6] (8] [8]
acrylic TC
D-7-White 74% S 14 14 14 14 14 14 14 14 14 10 10 14
alkyd primer + 53% S 7 [9] [9] [7] M [71 [7] [91 [8]
acrylic TC

{a} Service life was determined on the basts of the average svaluations of genenl sppearance.

(b} 5B: solventhorne; WB: waterbame; WE: walor repellent; 5 solids; ST semitrasspanest staing 50 solid-color stain; TC: topcoat; FP; tactory-planed flat-grained: WP newly planed vedtical-graine
512 sawteutured,

{eh  Each of e D-1 to D=7 Finishes were applied to sections of three replicste boards.

(d) The rating wiry below =5~ eatly in the exposure, then abowe *5.% The walue in the table Is for the fimal drop below a eting of =5~
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Table 7—service Life (Years) of Solid-Color Stain (SCS) with

Near Madison or Gulfport?®

a Water Repellent Preservative (WRP) Pretreatment Exposed

Madisan Gulfport
Cracking General Cracking General
Finish Number and
Description®® P NP a7 lis NP 51 FP NP 5T FP WP 5T
E-1-White 78% 5 6 F) 14 [ 7 14 T T 12 1 3 9
oil-based 58 5C5 [8]¢ [7]
E-2-White 45% 5 5 5 11 2 1 4 7 7 11 3 1 8
acrylic-based WB 5CS
E-3-Tan 54% 5 & & 12 8 8 11 7 T 12 1 1 9
oil-based 5B 5C5
E-4-Tan 39% 5 5 5 12 [} o 9 7 7 12 3 3 8
acrylic-based WB 5C5
E-5-Red 55% S ] B ) -] ] 14 10 10 12 1 1 12
vil-based SB SCS (8] (9] (71
E-6-Red 38% 3 3 7 14 9 9 13 3 8 12 9 9 12
acrylic-based WB SCS 3] 7]
E-7-Red 55% 5 12 12 14 14 14 14 12 12 12 12 12 12
oil-primer + 38% S . [9] [&] [6] [8] [6] [8] [9] [6] [6] [7]
acrylic SC5
(8] Senvice life was detersined on the basis of the sverage evaluathons of general appearance
(b) S8: solventhorne; WB: waterborse: WR: water repellent: 52 solids; S15: semitransparent staing S05: solid-colos stain; TC: topeoat: FP, factony-planed flst-graised; NP: newly planed vertical-grained;

S1: svw-tedured,
{c) Each of the E-1 to E-7 finishes were applied to sections of theee replicate boands
{d) Value in brackets indicates that the rating was "B after 14 years

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-

68 August 2007

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 “8" to “9”
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

Technology Today

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-1, 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. The "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 this
result and it is not consistent with the evaluation of the
other five finish systems.

Table 8—semice Life (Years) of Paint with a Water Repellent Preservative (WRF) Pretreatment Exposed Near

Madison or Gulfport®

Madizon

Cracking General
Finksh Number and
Description® P WP 5T (i NP
F-1-Red 55% 5 14 14 14 14 14
ofl-based 55 (2 coats)  [7)¢ 9 [10] [ 7
F-2=White 78% 5 i1 13 14 1 ]
oil-based 5(S + 45% 5 91
acrylic 5C5
F-3=-White B0% 5 9 9 7 11 -]
alkyd primer + 71% 5
alkyd TC
F-4-White 38% 5 14 14 14 11 14
latex primer + 46% 5 [&] [ [7 [6]
latex TC
F-5-White 48% 5 14 14 14 14 14
acrylic primer + 57% 5 [9] [9] [10] [71 [#1
acrylic TC
F-6-White 77% S 11 14 14 10 14
alkyd primer + 57% S 5] [10] [6]
acrylic TC
F-7-White 74% 5 14 14 14 14 14
alkeyd primer + 53% 5 (@] 2] [10] [7] [7]
acrylic TC

[a) Service life wan determined on the basls of the average evabsations of gemeral Appearance,

14
(8]
14
(71

11
24

14
[8]

14
(6}

14
(7]

Gulfpart
Cracking General

FP NP 5T FP NP 1
14 14 14 14 14 14
(7 (9 [9] [6)¢ (6] 7y
13 8 12 10 9 10*
10 8 7 or i 10"
8 B 8 ) b 10
14 14 14 10 107 14°
(9] 8] (sl

14 10 10 8 8 10
14 10 14 9 9 13
9 (6]

(&) 5B: sodventboame; WB: waterboane; WE: water repellent: 5: solids: 575 semitransparent staing 55 selid-color stain; TC: topeoat; FP: factory-planed flat-grained: NP: newly planed vartical-grained;

5T: www-Seafured.
{<) Each of the F-1 to F-7 finlihes weew applied 1o sections of three replicate bossds
(€} Walup in brackets indicates thal the sating was “7~ aftar 14 yoars,

[#) The rating was bebow *5" eardy in the exposuri, s sbove "5, The value in the table is for the final drop below a sating of "5,
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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 applyingthe 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 ofall finishes onall substrates was about the
same for those 4-ft boards treated with the WRP pre-
treatment (Group F, Table 8) and those withoutthe
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.s

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
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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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