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Disclaimer

The objective of this publication is to compare the 
performance of fi ve common Saskatchewan wood species 
in typical secondary wood processing applications. The 
machining, fastener withdrawal, and fi nishing properties 
of trembling aspen, black spruce, white spruce, western 
white birch and jack pine are presented. The American 
Society for Testing and Materials test procedures used as 
a guideline were D-1666 and D-1761 for the machining 
and fastener withdrawal tests respectively; and D-3359 
and D-4541 for the fi nish coating adhesion test. The 
machining tests included planing, sanding, shaping, 
mortising, drilling and turning. In these tests, the resulting 
machined surfaces were examined for machining-related 
defects. The fastener withdrawal tests measured the 
mean force required to withdraw nail and screw type 
fasteners. The fi nishing tests determined the adhesion of 
a number of typical commercially available coatings to 
each of the wood species and the appearance attributes 
of a broad range of furniture-type production fi nishes. 
All of the species performed well in the tests but some 
of the results were surprising, as comparisons revealed 
relative strengths and weaknesses across species.

Abstract
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The recent emphasis on producing higher value 
secondary wood products requires an investigation of the 
way manufacturers process wood. A basic requirement 
in assessing whether a wood species is suitable for use 
as a value-added product is understanding wood’s 
characteristics as it undergoes these processes. This 
publication was written to provide relevant information 
on the properties of five wood species common to 
Saskatchewan. Their utility was tested in typical 
woodworking processes that include several stages of 
machining, plus fastener withdrawal, and fi nishing. 
This information will aid secondary wood processors in 
the design and manufacture of higher value products, 
and will help promote these species and products in 
domestic and export markets.

The Saskatchewan-grown softwood species studied were:  
white spruce, black spruce and jack pine; the hardwood 
species studied were trembling aspen and western white 
birch. Forintek conducted similar studies of species 
found in Alberta and British Columbia; the results of 
those studies were sourced to prepare this publication on 
Saskatchewan species.

Forintek technicians studied the machining operations 
carried out in commercial secondary wood processing 
plants, where value is added by planing, sanding, 
shaping, boring, mortising and turning. The standards 
set by the American Society for Testing and Materials 
(ASTM) D-1666-87: Standard Methods for Conducting 
Machining Tests of Wood and Wood-Based Materials 
were used to conduct the machining tests. The ASTM 
D-1666 test method required some adaptations by the 
Forintek team in order to make the tests representative 
of current wood machining practices and to take into 
consideration the industry’s evolving technology.

The fastener withdrawal tests determined the force 
necessary to withdraw two types of fasteners, nails 
and screws, from a number of samples. The ASTM 
D-1761-88: Standard Test Method for Mechanical 
Fasteners in Wood was used to conduct the fastener 
withdrawal tests.

Specifi c gravity and growth rate, measured in rings per 
inch, were determined for all the boards used in the 
machining tests. Marked differences in machinability 
and fastener holding strength could demonstrate the 
benefi ts of sorting by individual species. Knowing these 
values can lead to insights on how variations in these 
parameters can affect the machining and fi nishing 
properties of the fi ve species.

The fi nishing properties of each of the fi ve species were 
evaluated using paint-type fi nishes and furniture-type 
fi nishes. The paint tests are ones typically used by the 
paint industry for measuring the adhesion of coatings 
to a substrate. The following ASTM test procedures were 
used: D-3359: Test Method for Measuring Adhesion 
by Tape Tests and D-4541: Test Method for Pull-Off 
Strength of Coatings Using Portable Adhesion-Tester. 
The tests for furniture-type fi nishes follow no formal 
test procedure as none exist. Instead, the fi nishing of the 
fi ve species was evaluated subjectively after applying fi ve 
different types of stains in combination with two types 
of sealers and three clear top coats.

1
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How this Report is Organized

After explaining the general procedures followed to 
conduct tests, this report considers the implications of 
specifi c gravity and growth rates of the species studied.

Next, the testing process and results are presented in three 
parts:  Part 1 - Wood Machining Tests, Part 2 - Fastener 
Withdrawal Tests, and Part 3 - Finishing Tests. For each 
test type, the equipment and procedures used and the 
properties identifi ed as outcomes are described.

Part 1 - Wood Machining Tests, including planing, 
sanding, shaping, boring, mortising and turning. 
A comparative summary of machining properties 
concludes this part.

Part 2 - Fastener Withdrawal Tests, including screw 
withdrawal and nail withdrawal. This part documents 
the relationship between specifi c gravity and withdrawal 
force.

Part 3 - Finishing Tests, including paint-type fi nishes and  - Finishing Tests, including paint-type fi nishes and 
furniture-type fi nishes. This part presents quantitative furniture-type fi nishes. This part presents quantitative 
tests, along with subjective tests that, by necessity, were tests, along with subjective tests that, by necessity, were 
conducted where no formal test procedures exist. The conducted where no formal test procedures exist. The 
conclusions and recommendations at the end of Part 3 conclusions and recommendations at the end of Part 3 
summarize the outcomes of the fi nishing tests.

A reference section contains the list of publications that A reference section contains the list of publications that 
were consulted in the investigations.

Introduction



3

Forintek tested the properties of fi ve Canadian wood 
species commonly found in Saskatchewan. Each sample 
was carefully prepared. The lumber was dried in a kiln at 
the sawmill to the usual industry target moisture content 
of between 15% and 19%. The lumber was sorted to 
provide a combination of edge grain and fl at grain boards. 
A plywood jig was used to ensure that each board would 
yield the cuttings required for all tests. The lumber was 
marked for test sample cuttings; each cutting was stamped 
with a four-digit number for identifi cation, then the board 
was sawn into cuttings. A total of six cuttings were made 
from each board: a 36x4-inch cutting was used for the 
planing and sanding machining tests and then used for 
the fi nishing tests; a 12x3-inch cutting was used in the 
shaping, boring and mortising test, a 6x1.5-inch cutting 
for the turning test, and two 6x2-inch cuttings for the 
fastener withdrawal tests. Small sections were cut from 
each of the 50 boards to determine specifi c gravity and 
number of rings per inch.

The cuttings were stored in one of two conditioning 
chambers for a period of time to meet the target moisture 
content of 11-12% for the softwoods and 9-10% for 
hardwoods. To reach these levels before testing and to 
maintain the target moisture content, the chamber that 
would hold the softwoods was set at a relative humidity 

of 65% and a temperature of 20°C; the chamber that would 
hold the hardwoods was set at a relative humidity of 45% 
and a temperature of 14°C. Samples were kept in the 
conditioning chambers until testing began.

The shaping, boring and planing tests were conducted by 
Forintek personnel. The turning and mortising tests were 
performed by two local wood processing companies using 
dedicated machinery and skilled operators. The companies’ 
progress was monitored to ensure that the machine and 
tool settings for each species remained constant.

Though the testing procedure calls for clear wood cuttings 
(which was adhered to for trembling aspen), it was decided 
that the softwood samples ought to include tight knots 
in the planing and sanding test cuttings. This inclusion 
would better refl ect the true nature of these species. Knots 
were also present in the shaping cuttings of the softwoods, 
but they were not located in the areas where any of the 
machining was performed. The turning cuttings for all the 
species were clear wood pieces, as knots create a weak area 
in the turning piece; this was necessary to avoid causing 
fractures in the piece during the turning process. The 
cuttings used for the fastener withdrawal tests were also 
free of knots as knots can affect their strength values. 

The planing/sanding cuttings were used again as samples 
in the fi nishing process. But, fi rst, they were sanded to a 
fi ner fi nish to prepare them for the fi nishing tests.

2
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Specifi c gravity and growth ring spacing are useful measures 
in comparing different species. Previous studies (U.S. Forest 
Products Laboratory, 1987; Cantin, 1965; Davis, 1962) 
indicate that specifi c gravity is related to certain machining 
and mechanical properties. The number of rings per inch 
is sometimes used as an indicator of softwood quality for 
certain species, but it is generally not a signifi cant factor 
in predicting the quality of hardwoods.

Table 1

Statistical Analysis within Species:  Specifi c Gravity and Number of Rings per InchStatistical Analysis within Species:  Specifi c Gravity and Number of Rings per Inch

 Sample Mean Published Mean  Rings per Inch Sample Mean Published Mean  Rings per Inch Sample Mean Published Mean  Rings per Inch
 Sample Std Dev Published Std Dev             Mean 

Trembling Aspen 0.417 0.424 15.6 
 (0.035) (0.029)

Jack Pine 0.485 0.454 13.6
 (0.045) (0.044) 

Black Spruce 0.431 0.445 21.2
 (0.034) (0.042) 

White Spruce 0.399 0.393 17.0
 (0.029) (0.046) 

Western White Birch 0.606 0.605 10.0
 (0.051) (0.041)  

3

Specifi c Gravity 
and Growth Rate

The mean and standard deviation for specific gravity 
were calculated to determine if the sample mean was 
representative for each of the wood species. This was done 
to compare the sample mean to the published mean for each 
species, as reported in the Forintek publication Strength and 
Related Properties of Woods Grown in Canada. Because the 
published mean is derived from a much  larger sampling 
base, it is considered more representative. The statistical 
Hypothesis Test was used to determine whether or not the 
actual difference found in the means exceeded two standard 
errors in a distribution of differences between the means. 
Using two standard errors produces a level of confi dence 
in the difference found at the 95% level.

The specific gravity values, along with the mean and 
standard deviation, and growth rate in rings per inch appear 
in Table 1 below. Using the test for differences in the means, 
it was found that the sample mean of all fi ve species – except 
jack pine – did not differ signifi cantly from the published 
mean values. The jack pine samples had specifi c gravity 
values that were 6.8% higher than the published mean.

Specifi c Gravity and Growth Rate
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The practice of using different grades or combination of 
grades for each test may appear inconsistent. However, the 
grade combinations used are the ones considered suitable 
for most purposes in secondary wood processing. Samples 
of each grade and type of defect were kept for reference.

Planing

P laning is second only to sawing as the most 

 important machining operation in a wood 
 processing plant, since all lumber must be dressed to 

size and surfaced before further use. Accordingly, this study 
placed more emphasis on the planing test than the other 
machining tests. Planing provides an excellent opportunity 
for adding value to a product. This machining process can 
be performed by a planer or the more versatile moulder.

Equipment
The planing test was conducted on a Weinig through-feed 
moulder with fi ve spindles. Only the top spindle was used 
in the planing tests. The machine had a variable feed rate 
with a spindle rotation speed of 6000 rpm.

Whenever possible, the test procedures followed the tool 
and machine settings prescribed in ASTM D-1666. However, 
some settings were modifi ed to obtain the best possible 
surface quality. These modifi cations are discussed separately 
under the procedure heading for each test. 

Forintek personnel examined the surface quality of the 
machining operations both visually and by touch. The 
ASTM D-1666 standard uses fi ve quality grades based on 
the amount and severity of defect present, as follows: 

• Grade 1  — defect-free

• Grade 2 —  good 

• Grade 3 — fair 

• Grade 4  — poor 

• Grade 5  — very poor

Table 2 lists each machining test and the quality grades 
used in determining overall performance. 

4

Wood 
Machining Tests

Table 2

Quality Grades Used in Determining Overall 
Performance for each Machining TestPerformance for each Machining Test

Machining Test Performance CriteriaMachining Test Performance Criteria

Planing Grade 1

Sanding Grade 1

Shaping Grades 1 and 2

Boring Grades 1 and 2

Mortising Grades 1, 2 and 3

Turning Grades 1 and 2

Wood Machining Tests
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the moulder, and  adjusting the feed rate until the desired 
number was measured repeatedly. Table 4 lists the machining
parameters for each planing test. All the samples were run 
butt to butt to eliminate the occurrence of snipe and related 
feeding problems that can result in burn marks and can 
subsequently overheat the knife edges. All specimens of a 
common thickness were run one after another, and then 
the machine height setting was changed to accommodate 
thinner stock. 

Samples were graded for the presence of fuzzy grain, 
raised grain, torn grain and chip marks. The sense of touch 
was found to be an effi cient method for determining the 
presence and severity of raised and fuzzy grain.

Two hydraulically clamping cutter heads were used: one 
with a 12° hook angle, also known as the rake or cutting 
angle, and the other with a 20° hook angle. The corrugated 
back knives were cut from individual bar stock, balanced 
to within 0.2 grams, and aligned within the cutter head. 
All knives were the industry standard high speed steel 
(HSS), M-3 type. Each knife was carefully ground using 
an aluminum-oxide wheel to a consistent cutting circle on 
a profi le grinder. The knives were ground to an extremely 
keen edge by making several lapping passes. The planing 
tests compared two hook angles and four numbers of knife 
marks per inch (KMPI).

Measurement of Surface Quality
The cutting action of a planer leaves barely visible wave-
like ridges, or knife marks, behind. The number of KMPI is 
often used as a measure of surface quality in planing. It is 
determined by the feed speed, spindle rpm and number of 
knives making the fi nal cut. The feed speed was adjusted to 
achieve the desired KMPI; the number of knives and spindle 
speed remained constant. Table 3 shows the number of knife 
marks per inch typically found in various wood products: 

Procedure

Five passes were made on each sample, cutting to a depth 
of 0.1 inch (2.5 mm) under different sets of conditions. The 
fi rst four runs used a 20° hook angle cutter with four feed 
speeds that yielded 20, 16, 12 and 8 knife marks per inch. 
The fi fth run used a 12° hook angle cutter that produced 
20 knife marks per inch. The number of knife marks per 
inch was determined by running a few test pieces through 

Table 3

Comparison of Knife Marks per Inch by End UseComparison of Knife Marks per Inch by End Use

 Product KMPI Product KMPI

Lumber for Construction 4 to 8

Exterior Wood Products 8 to 12

Millwork 12 to 16

Furniture 16 to 20

To evaluate the planing properties, the percentage of defect-
free samples in each species was compared. Each of the 
fi ve runs was evaluated separately. Table 5 summarizes 
the results for each planing test run and gives an average 
for all fi ve runs.

The overall best results were obtained for western white 
birch with performance at 100% obtained on four runs; 
white spruce, trembling aspen and jack pine also produced 
results in the high nineties. Even the black spruce yielded 
results in the nineties on one run.

Table 4

Machining Parameters for the Planing TestsMachining Parameters for the Planing Tests

 Run Hook Angle KMPI  Feed Speed Run Hook Angle KMPI  Feed Speed
        (Ft/min)*

 1 20° 8 63

 2 20° 12 42

 3 20° 16 31

 4 20° 20 25

 5 12° 20 25

Wood Machining Tests
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In general, the quality of the surface fi nish decreases as the 
number of knife marks per inch decrease; this can clearly 
be seen with the results shown in Table 5 from runs 1 to 4. 
The effect of using two different cutter heads can be seen 
by comparing the results in runs 1 and 5. White spruce is 
least affected by this change while black spruce shows the 
most variation in run quality overall. The 12° cutter head, 
used in run 5, has more of a ploughing action rather than 
the cleaving action of the 20° cutter head.

The most prevalent defect observed was fuzzy grain and, 
in a majority of the cases, the degree of severity was light, 
putting the sample pieces in the good grade. Once passed 
through a sander, the fuzzy grain was not noticeable. Figure 
1 compares defect-free samples with the combined results 
of good and defect-free samples.

The results in Figure 1 are the average of all fi ve runs. When 
fuzzy grain in the grade 2 category is included as “good,” 
only western white birch produces results of 100%, while 
trembling aspen and jack pine enter the 90% range and the 
spruce improves from the 40% range to the 70% range.

Figure 1
Percentage of Good to Defect-free 
Samples  for the Planing Tests

Table 5

Summary of Planing Tests - Percentage of Defect-free Samples Summary of Planing Tests - Percentage of Defect-free Samples 

Species Run 1 Run 2 Run 3 Run 4 Run 5 AverageSpecies Run 1 Run 2 Run 3 Run 4 Run 5 AverageSpecies Run 1 Run 2 Run 3 Run 4 Run 5 Average
 % % % % % %

Trembling Aspen 42 19 98 100 98 72

Jack Pine 26 50 98 98 56 66

Black Spruce 2 29 78 96 22 45

White Spruce 48 46 86 96 80 72

Western White Birch 88 100 100 100 100 98
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Table 6 summarizes the optimal cutting conditions for each 
species. These cutting conditions hold for softwoods with a 
moisture content of 12% and hardwoods at 9%. Included in 
the table is a list of the typical defects that occurred during 
the planing tests. The defects are listed by order of severity. 
For example, the most common surface defect associated 
with jack pine was fuzzy grain; the second most common 
was raised grain. 

Sanding

S anding is a method of preparing the wood surface 
 for the application of a finish coating, such as 
 sealer, stain, oil, or lacquer. Sanding wood properly is 

the fi rst step in applying a high quality fi nish. Mistakes made 
in sanding often show up after the fi nish is applied. 

Sanding is an abrasive action that leaves a scratch pattern 
on the wood surface, and is directly infl uenced by the grit 
size of the sandpaper. To remove excessive scratch patterns, 
progressively fi ner grit sandpaper is used until the desired 
surface smoothness is reached. 

Equipment
This test was conducted on a two-head Cemco wide-belt 
sander. The belt sequence employed an 80 grit, cloth-backed 
aluminum oxide belt on the fi rst head and a 120 grit, cloth-
backed aluminum oxide belt on the second head. The feed 
rate was adjusted to 20 ft/min (6.1 m/min). 

Procedure
The planing samples were used for the sanding tests. They 
were left in 3-foot lengths, since they were going to be used 
in the fi nishing tests as well. In order to use the whole 
width of the belt, the sanding specimens were staggered 
across the belt. 

Sanding Properties
To evaluate the sanding properties, the percentage of defect-
free samples for each species was calculated.  The jack 
pine, black spruce, white spruce and white birch samples 
produced 98-100% defect-free samples. Of the trembling 
aspen samples, 71% were defect-free with the remainder 
exhibiting fuzzy grain, though it was of a light category. 
Figure 2 compares the defect-free performance of the fi ve 
species.

Shaping

Shaping is similar to planing in the cutting action 
 and type of tool used. The major difference is that 
 the shaper can profi le curved pieces of wood, whereas 

the moulder/planer are designed to produce straight lumber. 
A shaper is a versatile machine that can produce a variety 
of cuts, such as grooves, rebates, profi les, dados, etc.

Wood Machining Tests

Table 6

Optimum Cutting Conditions for PlaningOptimum Cutting Conditions for Planing

Species Cutting Angle Knife Marks Typical Defects Species Cutting Angle Knife Marks Typical Defects Species Cutting Angle Knife Marks Typical Defects 
   (in order of severity)

Trembling Aspen 12° or 20° 16 or 20 Fuzzy grain, torn grain

Jack Pine 20° 16 or 20 Fuzzy grain, raised grain

Black Spruce 20° 20 Fuzzy grain, torn grain

White Spruce 20°  20 Fuzzy grain, raised grain

Western White Birch 12° or 20° 12, 16 or 20 No major defects
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Equipment
The shaping test was carried out on a SCM T120C single-
spindle shaper operated at a spindle speed of 7200 rpm. 
The tooling used was a six-pocket (wing) cutter head with 
removable HSS knives, although only three of the pockets 
contained a knife. This specially ordered cutter head had 
three 10° and three 20° pocket hook angles. Each pocket 
in the cutter head was numbered as were the knives and 
corresponding gibs. The 10° knives were used on hardwoods 
and 20° knives on softwoods. The knives were ground to 
the same profi le prescribed in the ASTM standard.

A jig was designed to hold the sample in place while 
shaping. The jig was similar to the one described in the 
ASTM standard, with toggle clamps added to help secure 
the workpiece. The workpiece was fed by guiding the jig 
against a bearing mounted underneath the cutter head. 
This set-up produced duplicate curved patterns with every 
pass.

Procedure
Before shaping, each sample was bandsawn to a pattern 
using a template. Two passes were made on the shaper: 

a preliminary pass that removed the bulk of material, 
followed by a second pass that removed the required 
1/16-inch (1.6 mm) of material. To do this, a 1/16-inch strip 
of veneer was placed between the sample and the jig’s base. 
All the cutting action was made against the grain following 
the usual procedure for operating a shaper safely.

All samples were examined visually and by touch. Samples 
were graded for the presence of fuzzy grain, raised grain, 
torn grain and end-grain tear out. As in the evaluation of 
planing pieces, the sense of touch was found to be a more 
effi cient method for determining the presence and severity 
of raised and fuzzy grain. 

Shaping Properties
To evaluate the shaping properties, the percentage of good to 
defect-free samples present in each species were compared. 
Figure 3 shows that all the species had results in the high 
90% range. While these are good results, they do not indicate 
which species is superior. If only the defect-free samples are 
compared, then Figure 3 shows that western white birch 
produced the best result. The white spruce and jack pine 
followed closely with results in the 50 – 60% range. 

Figure 2
Comparative Sanding Performance
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The most common defect in the pine and spruces was rough 
end-grain followed by fuzzy grain. This defect occurs along 
the curved edge where more of the cut was made across the 
grain. The severity of rough end-grain was in most cases 
slight. The most common defect for trembling aspen was 
fuzzy grain, but it too was slight.

Boring

Boring, like shaping, is a process that is used 
 extensively in furniture and other woodworking 
 plants.

Boring creates holes in the wood to serve two purposes:  to 
receive dowels and to pre-drill “pilot” holes where screws 
or other types of fasteners will be inserted. The bored hole 
must be round without any noticeable distortion and have 

an inner surface conducive for good glue bonding, that is, 
free of torn and crushed grain. Dowels serve to reinforce the 
joint and accurately position adjacent parts, to allow fast 
assembly. Boring is used extensively in the manufacture of 
Ready to Assemble (RTA) furniture. 

The bit used in the boring test was a brad and lip point bit 
– often referred to as a brad point bit – although the ASTM 
standard recommended a single twist, solid-centre point bit. 
The brad point bit is a more modern type of drill bit and was 
considered to be the more advanced technology in general 
use throughout industry. In similar boring tests previously 
conducted, the brad point bit performed considerably better 
than the single twist bit. The brad point bit differs from the 
single twist bit:  it has two fl utes or twists instead of one, 
and two lips ground into the ends of its fl utes. The lips in the 
brad point bit act as spurs severing wood fi bres before they 
are cut, thus producing a more accurate and clean hole. 

Adaptations to the ASTM-recommended test procedure 

Figure 3
Comparative Shaping Performance
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were necessary, since the recommended spindle speed of 
3600 rpm caused burning of the wood and overheating 
of the boring bit. After a number of trials, a spindle speed 
of 1200 rpm was found to be satisfactory. 

The boring tests were conducted after the shaping test using 
the same samples. 

Equipment
The boring machine used was an Ashina bench drill press 
with a 1/2-hp motor. The feed rate was approximately one 
inch in six seconds.

Procedure
Using the brad point bit, one hole was bored into each 
of the wood samples. A jig was made so that the holes 
were placed in approximately the same location for each 
specimen, although the hole position was changed if knots 
were too close. A removable wooden baseboard was placed 
under the test pieces and replaced when worn. Five samples 
from each species were bored at one time. The bit was hand 
sharpened after every hour of boring.

All samples were examined visually under a magnifying 
glass. The bored holes were graded for the presence of 
crushed, fuzzy, or torn grain, and general smoothness of 
cut.

Boring Properties
To evaluate the boring properties, the percentage of defect- 
free combined with good and defect–free samples present 
in each species, were compared. Figure 4 shows that all the 
species had results that were good or better in the 90%+ 
range. When defect-free samples only were compared, it 
can clearly be seen that western white birch achieved over 
90% ratings, while jack pine and black spruce did well 
with results in the 80%+ range. White spruce did not do so 
well with defect-free samples in the high 50% range. This 
comparison of results illustrates which species perform best 
when standards are tightened.

The most common defect for all the species was crushing 
of severed or partially-severed fi bres against the inside of 
the hole. Crushed fi bres can present problems if glue is 
inserted into the hole. When glue adheres to fi bres that 
are not fi rmly attached, the bond is likely to fail. The next 
most common defect was torn fi bres that caused an uneven 
surface inside the hole.

Overall, the results of the boring test are less exact, 

Figure 4
Comparative Boring Performance
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compared to the results from the other machining tests. Tool 
geometry and machine confi guration could have infl uenced 
the test results. The equipment used in the boring tests, 
and recommended in the ASTM standard, consisted of 
a traditional “workshop” drill press with off-the-shelf 
tooling, both of which can be found in a typical hardware 
store. Computer controlled routers or point-to-point boring 
machines using dedicated tooling can be expected to 
produce better results.

Mortising

The mortise and tenon joint is common in furniture 
 making and in window and door joinery. The 
 tenon is a square or rectangular projection on the end 

of a part; the mortise is a corresponding hole into which the 
tenon is inserted, with optional glue, to form a very strong 
joint. The mortise and tenon joint serves two functions:

• It creates a strong joint by interlocking the 
 adjoining parts; if the mating parts are machined 
 accurately and properly glued, the joint can only 
 fail by breaking off the tenon.

• The mortise acts as a precise locator — the mating
 tenon can only fi t in a predetermined location.

Three basic types of mortisers are used in the wood industry: 
the hollow chisel mortiser, oscillating chisel mortiser, and 
chain mortiser. Though the ASTM standard prescribes the 
use of only the hollow chisel mortiser, inquiries revealed 
that most companies in the joinery industry prefer the chain 
type mortise. The decision to use the chain mortiser was 
made to more accurately refl ect current industry practice.

The chain mortiser resembles a chain saw:  small teeth, set 
on a chain, continuously rotate around two sprockets. The 
chain mortise produces an elongated rectangular hole to 
fi t the tenon; the size of the hole or mortise can be varied 
by using a different chain.

Equipment
The chain mortiser was equipped to produce a 3–3/4  by 

1/2–inch rectangular mortise. The cutting pressure was 
hydraulically actuated. Due to the specialized nature of this 
machine, the work was contracted out to a local window 
manufacturer.

Procedure
One hole was machined in the centre point of the test piece 
near the square end. The long axis of this elongated hole ran 
parallel to the grain, as in typical joinery applications.

Each mortise hole was evaluated for the presence of fi bres 
that indicated crushing, tearing, and splintering of the 
grain and to examine the general smoothness of the cut. 
Splintering usually occurs at the location where the mortiser 
exits the workpiece; the tests examined this exit point. 

Mortising Properties
To evaluate the mortising properties, the percentage of 
samples by grade for each species were compared, as 
stipulated in the ASTM standard. Figure 5 shows the results 
of the mortising test.

In the context of the broad performance criteria suggested 
by the test protocol, it is clear that all the species performed 
well. To give more meaning to the results, the performance 
criteria can be tightened to include only good and defect-
free and just defect-free samples. Figure 5 shows that as the 
performance criteria tightens, jack pine is the overall best 
performing species at 80% defect-free, followed closely by 
black spruce and white spruce at 65% defect-free, while the 
performance of trembling aspen drops dramatically. 

Turning

Turning is one of the key processes the secondary 

wood processing industry carries out to add value 
 to the product. Four basic types of lathes are used 

for turning:

• Single-point lathes

• Back-knife lathes

• Shaping or rotary-knife lathes

Wood Machining Tests
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Figure 5
Comparative  Mortising Performance

• Copy lathes 

The single-point lathe is similar to a metalworking lathe. The 
tool travels along the full length of the rotating workpiece 
following the contour of a template or an actual sample 
turning. The back-knife lathe uses a milled-to-pattern 
knife, shaped to the same profi le as the turning, which is 
custom made for each turning profi le. The shaping lathe 
uses individual rotating knives mounted on an arbor. The 
turning rotates slowly as it advances towards the rotating 
knives. The entire profi le of the turning is machined at the 
same time. Each segment of a profi le, such as half cove or 
half bead, is machined by an individual knife mounted 
on the cutter head. The copy lathe is used to manufacture 
irregular shaped parts, such as curved table or chair legs. 
Copy lathes follow a full scale, three-dimensional replica 
of the item to be machined, and are designed to produce 
multiple turnings. 

In industry, the rotary-knife lathe produces better surface 
quality for lower density wood species like softwoods and 
the less dense hardwoods, and has higher production rates 
compared to the single-point lathe. The main advantage 

of the single-point lathe lies in its ease of set-up and low 
tooling cost. A numerically controlled single-point lathe 
can be set up and programmed in minutes. The knives 
in a rotary-knife lathe require many hours of set-up by 
highly skilled personnel and must be custom built for each 
pattern. The ASTM standard recommended a back-knife 
lathe to perform the turning test. Contacts at local wood 
turning plants revealed that the back-knife lathe was not as 
common as the rotary-knife or shaping lathe for softwoods. 
Therefore, to refl ect general woodworking practices, the 
rotary-knife lathe was used in the tests. The turning tests 
were performed by a secondary wood processing plant that 
specializes in wood turnings. 

The turning profi le recommended in the ASTM standard 
was not replicated. Instead, a section from a standard 
spindle profi le was selected, since the knife set-up was 
already available. High labour costs associated with tool 
and machine set-up on the rotary-knife lathe discouraged 
the production of a new pattern. 

Equipment
A Matison-type lathe was used to perform the turning 
tests at a local wood turning specialty plant. The rotational 
speed of the knife assembly for the rotary-knife lathe was 
3000 rpm. 
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Procedure
The lathe was a hopper feed machine in which the turning 
blocks are automatically fed into the machine and ejected, 
once the turning is completed. Because the complete outside 
surface of the turning block was being processed, each block 
had to be renumbered on both ends. Turning samples were 
evaluated for the presence of torn grain, fuzzy grain and 
rough end-grain.

Turning Properties
To evaluate turning properties, the percentage of samples 
by grade for each species were compared. Figure 6 shows 
the results of the turning tests for defect-free and combined 
good and defect-free samples.

All fi ve species had results in the combined good and 
defect-free category in the high nineties: three had 100% 
ratings. Tightening the performance criteria to include 
only defect-free results gives a better indication of which 
species produce the best turns. The results in this grading 
category show that western white birch turns the best with 
a defect-free rating of 100%, jack pine is second with 96%, 
followed closely by black spruce with 93%. These species 

are excellent candidates for turned wood products as long 
as knots are not present. Trembling aspen and white spruce 
fall well behind in the defect-free category, with results in 
the 50 to 60% range.

The most prevalent defect observed was torn grain, 
followed by fuzzy grain and rough end-grain. Just about 
all the defects were slight, however, and could be easily 
removed by sanding. Most turning plants sand their turned 
products; this process would eliminate many of the defects 
observed. 

Comparative Summary of 
Machining Properties

Table 7 presents a comparative summary of the 
 results of the six machining tests performed on 

 the fi ve Saskatchewan species using the quality grades 
criteria stipulated in the ASTM standard. Table 8 shows 
the results when the performance criteria are tightened to 
permit only defect-free results.

Table 8 clearly shows that a difference has emerged between 
the relative machining performance of the spruces; black 
spruce has higher ratings in the boring, shaping, and turning 
categories. Western white birch was superior to black spruce 

Figure 6
Comparative Turning Performance
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in all but sanding (in which they are virtually the same) 
and mortising (where the difference widens). White spruce 
was outperformed in virtually all the important machining 
tests except mortising and sanding, while trembling aspen 
produced the most wide–ranging results. It is interesting 
to note that defect-free performance correlated well with 
specifi c gravity values; the higher density species performed 

better than lower density species. 

Table 7

Summary of Comparative Machining Performance Using ASTM Stipulated Quality CriteriaSummary of Comparative Machining Performance Using ASTM Stipulated Quality Criteria

  Planing Sanding Boring Shaping Mortising Turning  Planing Sanding Boring Shaping Mortising Turning  Planing Sanding Boring Shaping Mortising Turning
     (Good to (Good to (Fair to (Good to
Species Specifi c  (Defect-free) (Defect-free) Defect-free) Defect-free) Defect-free) Defect-
free)
 Gravity Ave.            Best  
  %               % % % % %  %

Trembling Aspen 0.42 72 100 71 96 96 98 98

Jack Pine 0.49 66 98 100 100 100 100 100

Black Spruce 0.43 45 96 100 100 100 100 100

White Spruce 0.40 72 76 100 98 98 100 98

White Birch 0.61 98 100 98 92 96 82 100

Table 8

Summary of Comparative Machining Performance Using Only Defect-free Quality CriteriaSummary of Comparative Machining Performance Using Only Defect-free Quality Criteria

  Planing Sanding Boring Shaping Mortising Turning   Planing Sanding Boring Shaping Mortising Turning   Planing Sanding Boring Shaping Mortising Turning 
   
 Specifi c (Defect-free) (Defect-free) (Defect-free) (Defect-free) (Defect-free) (Defect-
free)
Species Gravity Ave.        Best 
  %             % % % % % %

Trembling Aspen 0.42 72 100 71 69 17 4 63

Jack Pine 0.49 66 98 100 84 54 80 96

Black Spruce 0.43 45 96 100 84 42 64 92

White Spruce 0.40 72 76 100 58 68 65 56

White Birch 0.61 98 100 98 92 80 50 100

Wood Machining Tests
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The fastener withdrawal tests measure the force required 
to withdraw nails and screws. The screw test measured the 
maximum withdrawal force required to pull two screws 
from either fl at– or vertical–grain samples that were chosen 
at random, while the nail test measured the maximum 
withdrawal force required to pull two nails from each of the 
three grain orientations: tangential, radial, or end–grain. 

All tests were conducted on a Tinius Olsen Universal 
Testing Machine. This machine has an accuracy of ±1%. 
A specially designed gripping device shaped to fi t the base 
of the two types of fasteners was used to permit accurate 
sample placement and true axial loading. A clamping 
assembly was used to hold the wood sample to one platen 
of the machine. 

Screw Withdrawal

The screw withdrawal test was designed to deter-
 mine the maximum force required to withdraw a 

 screw fastener driven in at right angles to the wood surface. 
Screws were randomly driven into either the tangential or 
radial face.

Equipment
Fifty samples were tested, each measuring 2x6 inches with 
their depth at least equal to the length of the screw. The tests 
involved standard one inch, No. 10 gauge, fl athead, low-
carbon steel wood screws. Technicians used a screwdriver 
to insert the screw into a pre-drilled hole bored on a drill 
press at right angles to the surface. Each screw was used 
only once.

Procedure
The samples were pre-drilled to a depth of 1/2-inch using 
a #39 drill bit (0.1 inch diameter). The location of the 
holes was within an area 3/4-inch from the edge and
1-1/2 inch from the ends, and at least 2-1/2 inches 
apart. Samples were tested within the prescribed one hour 
period after driving in the fasteners. Using a screwdriver, the 
screws were driven by hand to a depth where the threads 
were no longer visible. This permitted the gripper to fi rmly 
secure the screw head.

Each sample was placed in the clamping assembly, the 
gripper secured around one of the screw heads and aligned 
axially. A uniform platen withdrawal rate of 0.1 inch per 
minute was set for the universal testing machine. The 
maximum force in pounds was measured for each screw. 

Screw Withdrawal Properties
Figure 7 shows the average force required to withdraw 
screws from each species. The best performer was western 
white birch, which required nearly twice as much force to 
withdraw a screw as the weakest species, white spruce.

The effects of specifi c gravity on the withdrawal force is 
shown in Figure 8, where the numbers are keyed to the 
species in Figure 7. Note that there is a good relationship 
between increasing specifi c gravity and the force required 
for screw withdrawal.

5

Fastener 
Withdrawal Tests

Fastener Withdrawal Tests
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Figure 8
Relationship between Specifi c Gravity and 
Screw Withdrawal Force

Figure 7
Average Screw Withdrawal Force (lb.)
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Nail Withdrawal

The nail withdrawal test was designed to determine 
  the maximum force required to withdraw a nail 
  driven in at right angles to the tangential, radial, 

and end-grain faces.

Equipment
The nails used were the 2–inch (6d) common nail with a 
bright fi nish. Each nail was used only once. Fifty samples 
of each species were tested. Each sample measured 6 inches 
long and 2 inches wide and high.

Procedure
Six nails were driven by hand with a hammer to a depth of 
1–1/4 inch; two nails in the tangential face, two in the radial 
face, and one in each end. A jig was designed to ensure 
that 1/2-inch of nail shank remained above the surface. 
Nails were driven at least 3/4 inch from the edge, 1–1/2 
inches from the ends, and no closer than 2 inches apart. 
Nails driven into the end–grain were not lined up with each 
other. Testing was completed within one hour after the nails 
were driven. The testing machine, along with the gripping 
device and clamping assembly, were the same ones used 
in the screw withdrawal test. The maximum withdrawal 
force in pounds was measured for each nail.

Nail Withdrawal Properties
Figure 9 shows the average force required to withdraw nails 
from the fi ve species tested, and compares results from nails 
driven into the tangential, radial and end–grain faces. The 
highest results were obtained from nails driven into the 
tangential and radial faces. As expected, the end-grain face 
produced the lowest values – about a quarter lower than 
radial or tangential faces. White birch exhibited the highest 
nail withdrawal forces. The remaining species were very 
closely grouped together.

Table 10 shows the relationship between specifi c gravity and 
nail withdrawal force for the fi ve species tested. 

The standard deviation is listed in parentheses below the 
average force values. Again, western white birch has the 
highest specifi c gravity and produces the highest values for 
nail withdrawal force. The performance of trembling aspen 
was surprising considering its specifi c gravity value. 

Table 9 lists the specifi c gravity, average force and standard 
deviation for each species.

Table 9

Relationship between Specif ic  Gravity and
Screw Withdrawal ForceScrew Withdrawal Force

   Specifi c Average Standard   Specifi c Average Standard
 Species Gravity Force (lb.) Deviation

Trembling Aspen 0.42 393 68.9

Jack Pine 0.49 458 61.9

Black Spruce 0.43 386 57.4

White Spruce 0.40 364 54.6

Western White Birch 0.61 723 102.8

Fastener Withdrawal Tests
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Figure 9
Average Nail Withdrawal Force (lb) on the Tangential, Radial 
and End–Grain Surfaces

Table 10

Relationship between Specifi c Gravity and Nail Withdrawal ForceRelationship between Specifi c Gravity and Nail Withdrawal Force

  Average Withdrawal Force  Average Withdrawal Force  Average Withdrawal Force

 Specifi c Tangential Radial End-Grain Specifi c Tangential Radial End-Grain
Species Gravity (lb. / Std. Dev.) (lb. / Std. Dev.) (lb. / Std. Dev.)Species Gravity (lb. / Std. Dev.) (lb. / Std. Dev.) (lb. / Std. Dev.)

Trembling Aspen 0.42 94.26 101.79 71.11 
  (22.75) (26.05) (16.44) 

Jack Pine 0.49 103.50 104.37 76.98 
  (19.87) (20.78) (16.04)

Black Spruce 0.43 88.37 86.67 68.50 
  (22.78) (22.22) (15.08) 

White Spruce 0.40 84.17 82.62 69.00 
  (19.33) (18.44) (16.91) 

Western White Birch 0.61 199.00 213.00 151.00 
  (28.40) (36.50) (29.20)
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Applying a coating can add value to wood products by 
beautifying and protecting the wood surface. It can 
represent the culmination of a number of previous processes 
and enhance the design. Available information on the 
fi nishing properties of various Canadian wood species has 
usually been limited. Typically, these are how well paint 
adheres to the surface, whether it stains reasonably well, 
or whether varnish works with the species. No information 
is available on what test methods were employed, the types 
of coating used, or even when the tests were conducted. 
To fi ll in the information gaps on the fi nishing properties 
of Canadian wood species and particularly those found in 
Saskatchewan, a series of fi nishing tests were conducted. 
The tests evaluated the adherence of coatings to well-
prepared wood surfaces and the appearance of various wood 
species when furniture-type fi nishes were applied.

The finishing tests examined the performance of five 
Saskatchewan wood species, trembling aspen, jack pine, 
black spruce, white spruce and white birch when either a 
typical paint-type coating or a furniture-type coating was 
applied. 

One of the most important tests for a fi nish is to determine 
how well it adheres to a surface. The tape test and pull-off 
tests were conducted to determine how well paint-type 
fi nishes adhered to each of the wood species, followed 

by a subjective evaluation of the appearance of the wood 
samples, once furniture-type coatings were applied. 
Finishes applied to furniture usually employ a combination 
of a stain, a sealer and a top coat. These coatings are applied 
to enhance the wood grain and to protect it.

Paint-Type Finishes 
Evaluated

S ix paint-type finishes were studied by conducting 
 adhesion tests; three intended for interior appli-

 cation and three for exterior application. The fi nishes tested 
were the following:

• interior varnish (#1)

• interior alkyd primer/enamel top coat (#2)

• interior lacquer primer/lacquer top coat (#3)

• exterior semi-transparent stain (#4)

• exterior solid colour acrylic stain (#5)

• exterior clear fi nish (#6)

Two ASTM test procedures were followed to measure the 
adhesion: D-3359: Test Method for Measuring Adhesion by 
Tape Tests and D-4541: Test Method for Pull-Off Strength 
of Coatings Using Portable Adhesion-Tester. Each coating 
was applied to one sample from each of the fi ve species, 
producing a total of six samples per species, or 30 samples 
in all.

Finishing Tests
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Adhesion Tests

The adhesion tests investigated how well standard 
 industrial types of coatings, most of which are 

 paints, adhered to the fi ve species. The coatings selected 
represent a broad range of commercially available paints 
and stains. How well a coating adheres to a wood substrate 
is infl uenced to a great extent by these factors:

• preparation of the surface:  to prepare for the 
 test, the test samples were sanded using a wide-
 belt sanding machine with a 150 grit sandpaper

• application of the coatings:  two coats of each 
 fi nish were applied to each wood species following
 the manufacturer’s instructions, using premium 
 brushes / spray guns suited to the coating type

• the ability of the coating to penetrate to the
 wood substrate surface:  to find evidence of 
 poor penetration the adhesion data was reviewed 
 and the surface appearance of the samples was
 examined. Craters and pin holes usually appear if
 the surface is poorly wetted.

The adhesion tests provide quantitative data on the 
suitability of using the fi ve wood species as a wood substrate 
for most common paints. The fi rst test, D-3359, involves 
the use of tape that is adhered to a specially scored painted 
surface after sanding. Once the surface is scored, the tape is 
pulled off and the surface is examined to see whether the 
coating material was removed from either the substrate or 
the previous underlying coat. The percentage of the hatched 
area that remains on the tape is calculated by holding it up 
to the light for visual examination.

The second test, D-4541, determines the force required to 
pull off a round plug from the painted surface. A standard 
tensile testing machine is used to measure the force. The 
plug is adhered to the painted surface using a high strength 
epoxy glue. A tensile force is applied until the glue bond 
fails. 

Equipment

The tape test used a multi-blade cutter to score a hatch 
pattern into a painted surface. The tape used was a one-inch 
wide, semi-transparent, pressure-sensitive tape, which was 
selected from a supplier who specializes in quality tape. The 
tape test equipment is shown in Figure 10.

While the ASTM recommends the use of a portable 
adhesion tester, an Instron 4202 universal testing machine 
with a 10kN load cell was used instead. With this testing 
machine, the rate of applying a load can be accurately 
controlled; with the portable adhesion tester, the rate of 
applying a load varies because it is done manually. To use 
this machine, it was necessary to fabricate two jigs to hold 
the specially designed dollies or plugs in place. The pull-off 
test equipment is shown in Figure 11. 

Procedure
For the tape test a multi-blade cutter was used to score 
lines 1 mm apart and 20 mm long through to the wood 
substrate. This pattern was repeated at a 90º angle to the 
fi rst set of score lines to form a lattice. Then, the surface 
was cleaned of any small fragments. The fi rst two complete 
laps of tape are discarded, then a length of tape is cut to 
cover the hatched marks. To ensure good contact, the tape 
was rubbed with the eraser end of a pencil. To complete the 
test, within 90 seconds after application the tape is rapidly 
pulled back upon itself at approximately a 180º angle. The 
tape test is shown in Figure 12.

The grid area is then inspected to see whether the coating 
was removed from the substrate. The classifi cation system 
used to rate the adhesion follows:

Rating Condition
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5B Edges of the cuts are completely smooth; 
 none of the squares of the lattice is detached.

4B Small fl akes of the coating are detached at 
 intersections; less than 5% of the area
 affected.

3B Small fl akes of the coating are detached along
 edges and at intersections of cuts. The area
 affected is 5 to 15% of the lattice.

2B The coating has fl aked along the edges and
 on parts of the squares. The area affected is
 15 to 35% of the lattice.

1B The coating has fl aked along the edges of cuts
 in large ribbons and whole squares have 
 detached. The area affected is 35 to 65% of
 the lattice.

0B Flaking and detachment affect over 65% of
 the lattice.

The tape test was performed once for each of the sam-The tape test was performed once for each of the sam-
ples.

For the pull-off test a steel metal plug was glued to 
the coated wood surface using the recommended epoxy 
adhesive, Aralldite 2011 High Strength Epoxy Adhesive, 
and allowed to cure. Constant pressure was applied to the 
plug during the setting and curing of the adhesive. A total 
of eight pull-off tests were performed on each sample with 
dollies spaced at least 2 inches apart and no closer than 
3/4-inch from the edge and 1-1/2 inches from the ends. Only 
one plug was glued to a sample at any one time.

The two-jig arrangement permitted the plug to be centred 
accurately over the central axis of the tester to limit the 
chance that the plug would be peeled off. The tester was 
programmed to produce an extension rate of 2.8 mm/
minute; this rate was arrived at after numerous trials. The 
force exerted to break the glue bond was automatically 
recorded. An adhesion strength value in pounds per square 
inch (psi) was calculated using the contact surface area of 
the 20 mm diameter plug and the peak load (kg) for each 
test result. The pull-off test is shown in Figure 13.

Adhesion Test Results
Tape test.  All samples in the tape adhesion test earned 

ratings in the 5B classifi cation. This means that the fi ve 
wood species tested exhibited no adhesion problems when 
a range of typical wood-type coatings were applied.

Pull-off test.  Table 11 presents the results of the pull-off 
test for the various paint-type fi nishes.

White spruce produced the highest average strength across 
the range of coatings with western white birch yielding 
the lowest average value. However, the range in values is 
actually quite narrow; this means there is no signifi cant 
difference among any of the species when it comes to 
measuring the adherence of coatings.

The average strength for each coating is more variable; the 
range in values is much broader. For instance, Coating #5 
– exterior solid colour acrylic stain – required over twice the 
force to remove a plug than Coating #3 – interior lacquer 
primer/lacquer. A number of factors can account for this 
result, of which paint formulation and the ability of the 
coating to penetrate the wood surface are but two.

Note that Coating #6 – exterior clear fi nish – did not 
produce measurable results; the epoxy adhesive was not 
able to adhere to the coating. Table 11 makes it possible to 
select the tested coatings that work best with any particular 
species.
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Figure 10 Scoring for Tape Test

Figure 12 Tape Pull-off Test

Figure 11 Machine Set-up

Figure 13 Plug for Pull-off Test 

Table 11

Pull-off Adhesion Test ResultsPull-off Adhesion Test Results

   Average Strength per Sample   Average Strength per Sample   Average Strength per Sample
   psi (Std. Dev.)

Species  Interior Coatings   Exterior Coatings  Average
 #1 #2 #3 #4 #5 #6 Strength  
          (psi) 

Trembling Aspen 624 (26.7) 437 (45.1) 268 (35.6) 604 (119.5) 864 (62.1) - 559

Jack Pine 683 (49.0) 525 (53.7) 226 (38.7) 612 (74.2) 886 (108.0) - 586

Black Spruce 758 (63.6) 483 (65.9) 395 (166.2) 661 (90.9) 574 (101.0) - 574

White Spruce 735 (85.9) 377 (185.5) 255 (24.2) 668 (71.3) 694 (112.8) - 546

Western White Birch 336 247 287 425 839 - 427

Average Strength (psi) 627 414 286 594 771 - 

Key to Coating numbers: #1 = interior varnish, #2 = interior alkyd primer/enamel top coat, #3 = interior lacquer primer/
lacquer top coat, #4 = exterior semi-transparent stain, #5 = exterior solid color acrylic stain, #6 = exterior clear fi nish.  
Note:  #6 produced no measurable results.

Species  Interior Coatings   Exterior Coatings  Average
 #1 #2 #3 #4 #5 #6 Strength  
          (psi) 

Trembling Aspen 624 (26.7) 437 (45.1) 268 (35.6) 604 (119.5) 864 (62.1) - 559

Jack Pine 683 (49.0) 525 (53.7) 226 (38.7) 612 (74.2) 886 (108.0) - 586

Black Spruce 758 (63.6) 483 (65.9) 395 (166.2) 661 (90.9) 574 (101.0) - 574

White Spruce 735 (85.9) 377 (185.5) 255 (24.2) 668 (71.3) 694 (112.8) - 546

Western White Birch 336 247 287 425 839 - 427

Species  Interior Coatings   Exterior Coatings  Average
 #1 #2 #3 #4 #5 #6 Strength  
          (psi) 

Trembling Aspen 624 (26.7) 437 (45.1) 268 (35.6) 604 (119.5) 864 (62.1) - 559

Jack Pine 683 (49.0) 525 (53.7) 226 (38.7) 612 (74.2) 886 (108.0) - 586

Black Spruce 758 (63.6) 483 (65.9) 395 (166.2) 661 (90.9) 574 (101.0) - 574

White Spruce 735 (85.9) 377 (185.5) 255 (24.2) 668 (71.3) 694 (112.8) - 546

Western White Birch 336 247 287 425 839 - 427

627 414 286 594 771 - 

Species  Interior Coatings   Exterior Coatings  Average
 #1 #2 #3 #4 #5 #6 Strength  
          (psi) 

Trembling Aspen 624 (26.7) 437 (45.1) 268 (35.6) 604 (119.5) 864 (62.1) - 559

Jack Pine 683 (49.0) 525 (53.7) 226 (38.7) 612 (74.2) 886 (108.0) - 586

Black Spruce 758 (63.6) 483 (65.9) 395 (166.2) 661 (90.9) 574 (101.0) - 574

White Spruce 735 (85.9) 377 (185.5) 255 (24.2) 668 (71.3) 694 (112.8) - 546

Western White Birch 336 247 287 425 839 - 427
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Furniture Finish Tests

F ive stains, two sealers and three top coats were 
 used in various combinations in the furniture-

 type fi nish tests, although not all the combinations were 
evaluated. A total of 15 different combinations were tested 
and for each combination, three samples were produced to 
give a total of 45 samples for each species. The following 
fi nishes were used:

Stains

• Sheraton Mahogany Penetrating Stain 

• Light Oak Penetrating Stain 

• Walnut Oil Stain 

• Dark Walnut – Analine Dye Water Stain 

• Green Toner – (Alcohol Based)

Sealers

• Lacquer Sanding Sealer

• Pre-Catalyzed Alkyd/Nitrocellulose Sealer

Clear Top Coats

• Semi-Gloss Lacquer

• Satin – Acrylic Water Based 

• 35 degree – Pre-Catalyzed Alkyd /Nitrocellulose

No specifi c test protocol has yet been developed to evaluate 
fi nish combinations; the nature of evaluations is purely 
subjective. To assist in the evaluations the opinion of an 
expert was sought. Still, because his opinions cannot be 
readily quantifi ed, it is impossible to create a scale ranking 
the best to worst fi nish system.

For the most part, typical tests for furniture-type fi nishes are 
confi ned to a review of the properties of the topcoat, such 
as its resistance to chemical stains, moisture and abrasion. 
There are a number of tests that measure these factors but 
there are no testing protocols to evaluate the appearance 
of a fi nish. Appearance is a subjective attribute and hard 
to describe in words; it is even harder to apply a numeric 
value to appearance factors. 

The combination of stains, sealers and topcoats used in 
these tests are representative of the products available from 
fi nishing suppliers. They range from traditional. solvent-
based treatments to newer, more environmentally-friendly, 
water-borne treatments. Different stain colour treatments, 
ranging from light to dark, were used to explore the range 
of possible furniture-type fi nishes that can be applied to 
these species.

Equipment
An air spray system was used to apply all stain, sealer and 
topcoat coatings. Sandpaper used on the sealer was 180 
grit aluminum oxide.

Procedure
All samples were sanded by a wide-belt sander with 150 
grit sandpaper. In the furniture industry, sample pieces are 
called step panels because of the way they are tested:  a 
small 2-inch section across the width of a sample piece is 
masked off so that it will not be coated by the next layer of 
coating material. This way the colour build-up of the fi nish 
can be examined from start to fi nish.

A fi nishing consultant, using his expertise, evaluated each 
sample according to industry norms. 

Furniture Finish Test Results
The fi nishing consultant provided the following general 
comments:

Stains

• The best performing stains were those that dried the
 fastest and as a result provided good clarity; the slow
 drying, oil-based walnut stain, the light oak 
 penetrat ing sta in,  the  Sheraton mahogany 
 penetrating stain and the green toner worked 
 the best.

• The light oak penetrating stain produced the best
 looking fi nish with the most natural grain.

• The two dark stains, the Sheraton mahogany and
 the green toner, produced vivid colours.

• Not recommended. Following closely in the
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Table 12

Summary of Furniture Finish Results by SpeciesSummary of Furniture Finish Results by Species

Species  ResultsSpecies  ResultsSpecies  Results

Trembling Aspen  Fast dry, low build fi nish produced. An example is shown in Figure 16. Slight 
    roughness, some grain raising. Toner produces minimal grain raising with good fi lm
    build.

Jack Pine   Fast dry, low build fi nish produced. Dark colours produce wild grain patterns; light
    colours produce a natural look. An example is shown in Figure 14. Toner produces a
    bright,even colour. Finish is reasonably smooth.

Black Spruce   Light colours produce a natural look. An example is shown in Figure 15. Finishes dry 
    fast with low build. Toner produces a bright, even colour. Slight graininess with some 
    stains.

White Spruce   A smooth fi nish was achieved. A natural fi nish (clear coat) or a light stain looks the 
    best. An example is shown in Figure 15.

Western White Birch  Very smooth fi nish achieved. Natural fi nish is the best.  An example is shown in 
    Figure 17. Typical uneven colour becomes apparent as the stains become darker. Could 
    have a pigmented fi nish applied very easily with good results.

 quality range was the slow-drying walnut oil stain
  though it would not be recommended, because it is 
 slow-drying and sometimes incompatible with some
 lacquer fi nishes. 

• Unacceptable. The dark walnut water stain was
 unacceptable because it raised too much grain, which
 in turn required additional sanding. It  also 
 penetrated too deeply into the wood producing a
 paint-like or “muddy” fi nish.

Sealers

• All the porous softwoods required a high build (high
 solids content) fi nish like the nitrocellulose / alkyd
 system to hide some of the natural texture of the wood
 and  equalize some of the prominent hard and soft grain
 ripples.

Clear Top Coats

• The three clear top coats used are common and are
 produced by many suppliers. The lacquer fi nish has
 the lowest solids content (20% solids and 80%
 thinners) and it shrinks a great deal. 

• The pre-catalyzed alkyd / nitrocellulose top coat with

 its higher solids content works the best; it was thick
 enough to even out the texture and porosity of the
 softwoods.

• The water-based clear acrylic works a little better
 than the lacquer and produces a slightly smoother
 fi nish.

• Softwoods, even when sanded, need a finish that
 will cover and fi ll the natural texture in the wood.
 While lacquers can be used, they may require 
 multiple coats to produce a smooth fi nish. Two coats
 still leave some texture or a grainy appearance. 

Hybrids

• When a waterborne finish is applied over an 
 alkyd / nitrocellulose sealer that is solvent-based, the
 water from the top coat is prevented from reaching the
 wood. As a result, no grain raising can occur.

• A pure waterborne system combination including
 stain, sealer and top coat exists but it would not work
 well on softwoods that have grain that raises easily. 
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Figure 14 Pines

Figure 15  Spruces

Figure 16 “Soft” Hardwoods

Figure 17 Hardwoods
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The results of the adhesion test, by species, showed that:

•  No problems can be expected with finishes 
 adhering to any of the fi ve species tested

• The spruces and pine yielded an appealing fi nish,
 whether an economical finish or a higher priced,
 quality fi nish was used

• Trembling aspen did not perform as well overall as
 the rest of the species, although additional 
 fi nishing processes, such as sanding, may alleviate
 the problems.

The results of the adhesion tests, by coating, showed 
that:

• None of the wood species tested exhibited adhesion
 problems when a broad range of commercially 
 available coatings were applied

• Trembling aspen would make a good substrate for
 exterior paint fi nish; it exhibited one of the highest
 adhesion strength values though its performance is
 only fair with furniture-type fi nishes. 

The results of the machining, fastener withdrawal, and 
fi nishing tests conducted on trembling aspen, jack pine, 
black spruce, white spruce and western white birch are 
instructive. 

The results of the machining tests showed that:

• All fi ve wood species performed well using the broad
 ASTM grading criteria 

• Western white birch was the overall best performer
 when the criteria was tightened to include only
 defect-free samples

• Jack pine and black spruce were second  and third
 best followed by white spruce and then by trembling
 aspen.

The results of the fastener withdrawal test showed that:

• Western white birch was the best performer in screw
 and nail withdrawal tests

• End-grain nail withdrawal produced the lowest
 results

• The relationship between specific gravity and 
 withdrawal force for the species was high.

Conclusions

7

Conclusions



28

Appearance Attributes

• Light stains work best with the softwood species.

• Darker stains tend to produce an uneven and blotchy
 appearance when applied to softwoods.

• Water-borne stain did not work well with either the
 softwoods or the hardwoods tested.

• Water-borne topcoats provided good results when
 applied over solvent-based sealers.

• The results indicate that few problems can be
 expected with finishes adhering to any of the five
 species tested although other factors such as 
 moisture content must also be considered.

• The oil stain worked the best with just about all the
 species, though it takes much longer to dry.

Recommendations

• To improve the look on all the samples tested, the
 woods need finer sanding before finishing (finer
 than 150 grit) as well as sanding between coats.

• The occurrence of defects can be minimized by 
 adjusting the knife angles and knife marks frequency.

• Further finishing tests should be performed on
 species that had problems with blotchiness caused
 by uneven stain penetration. A pre-stain treatment
 may reduce absorption of stain.

Conclusions
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