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The quality of grey alder log#\lhus incana was studied by sawing sample logs from

two different forests in November 1995-February 1996. For grading of grey alder logs
and sawn timber the proposed system of Keindnen and Tahvanainen (1995) plus the
reject -grade was used.

In general, grey alder logs have knots from the base to the top. All types of knots
appear, and the length of the knot-free section is small at the base. In small-dimensioned
logs there are fewer knots than in larger logs. Especially in large top logs, there were
many more fresh knots than in other types of logs. Evidently, in different types of logs
the different grades of sawn timber are located in comparable sections along the length.
It also seems that the worse the grade class was, the longer was also the length of the
class. The most common reasons for decreasing grade were dry knots and discoloration.
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1 Introduction

proportion of red alder forests are planted com-
Grey alder has had restricted use in Finland arghred to grey alder forests, which are all natural.
is approved only for minor uses such as fireThe technical properties and use of grey alder
wood. According to The 8th National Forest In-wood have been studied by Schalin 1966, Ales-
ventory, in southern Finland the proportion oftalo and Hentola 1967, Hakkila 1970, Lehtonen
grey alder from the stem number varies from 0.8tc. 1978, Bjorklund and Ferm 1982 and Karki
% (Ahvenanmaa) to 18.2 % (Itd-Hame). Thel997a. The yield of grey alder have been studied
volume varies from 0.3 % (Lounais-Suomi) toby Miettinen 1933, Makinen 1984 and Valkonen
2.7 % (Pohjois-Savo). Of the alders growing iretc. 1995.
Finland, grey alder is more common than red In Finland, alder timber is used very little.
alder @lnus glutinosa (Table 1). A significant According to Louna and Valkonen (1995), in
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1993 about 20 000 rof domestic alder timber Taple 1. Amount of alder timber in southern Finland
was used. This is a rough estimate, which takes (with bark) according to The 8th National Forest

into account mainly the use of alder by large |nventory (1000 cbm).

companies.

The system suggested by Keindnen and TaBpecies Logs  Industrial  Slash Total
vanainen (1995) for grading grey alder logs and tree
sawn timber _(Tables 2 anq 3) was useq in th|arey alder 52 1660 249 2461
s_tL_de _for \_/alumg logs and timber. nge Fh|s clasped alder 237 1071 71 1380
sification is also used to test the suitability.

Several methods are used to study the intern3f®@ 289 2731 820 3841
quality of logs. The methodology and classifica-
tion based on external defects have been studied
by Orver 1970, Hanks 1976, Weslien 1983, Flink-
Table 2. Quality classification of grey alder logs (Keinanen and Tahvanainen (1995).
Factor of dimension Grade
or quality A B C
Top diameter Min. 19 cm Min. 15 cm Min. 13 cm
Min. length 21dm 21dm 21dm

other lengths in intervals of 1 dm

Accuracy of length +3cm +3cm +3cm
Ring width Even No special requests No meaning
Crook 2 cm/m 2 cm/m 3 cm/m
Number of knots per m / max. knot size
—all knots 0 pcs Max. 4 pcs Max. 6 pcs
— fresh knots Not allowed Max. 2 pcs/3 cm Max. 3pcs/7cm
— dry knots Not allowed Max. 2 pcs/3 cm Max. 3pcs/dcm
— rotten knots Not allowed Not allowed Max. 2pcs/3cm
Twist Not allowed Slightly allowed No meaning
Cracks Not allowed Not allowed Not restricted
Discoloration Not allowed Slightly allowed Max. 1/2 diam.
Rot, centered Max. 1 cm Max. 5 cm Max. 1/2 diam.

Table 3. Grading system for grey alder sawn timber, proposed by Keindnen and Tahvanainen (1995).

Factor of dimension Grade
or quality A B C
Min. width 180 mm 150 mm 130 mm
Max. number of knots, on the worse

side and worst meter 2 pcs 3 pcs 5 pcs
From the number of knots can be, pcs/mm
— fresh knots 2 pcs/10 mm 2 pcs/40 mm 3 pcs/60 mm
— dry knots Not allowed 2 pcs/30 mm 3 pcs/40 mm
— rotten knots Not allowed Not allowed 1 pcs/30 mm
— bark knots Not allowed 1 pcs/30 mm 1 pcs/40 mm
Cracks, over 100 mm length Not allowed Max. length 300 mm Not restricted
Growth Even Not restricted Not restricted
Tension wood, % of the length Not allowed Max. 10 % Max. 20 %
Discoloration, % of the length Not allowed Max. 10 % Max. 15 %
Rot centered, width Not allowed Max. 20 mm Max. 50 mm
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man 1985, Blomqvist and Nylinder 1988,1. Predicting the value of logs according to external
Klinkhachorn et al. 1988, Harless et al. 1991 and properties.
Grace 1993. Uusitalo 1994 studied the predic2. Reasons for variation in quality of logs and sawn
tion of sawn wood quality in pine stands. Ver- timber.
kasalo (1995) has listed possible reasearch meth- Quality distribution of sawn timber in logs of
ods for studying logs: different type/grade.
4. Testing the suitability of the quality classification

1. Traditional test sawing and grading of individual  of Keindnen and Tahvanainen (1995).

pieces of sawn timber
2. Test sawing used by Technical Research Center

of Finland (VTT) .
3. Describing the internal quality by X-ray and NMR-2 Material and Methods

techniques
4. Describing the internal quality after rotary-cuttingThe research material comprised 229 grey alder
5. Theoretical sawing (simulation) logs from two pure grey alder stands, both situ-

ated in Northern Savo, one in Maaninka and the
In traditional test sawing, the logs are buckedther in Nilsia (Table 4). The trees were ran-
and sawn according to the commercial patterndomly selected with the limitation that the logs
The defects are measured or classified on thed to be sawable (stem form). Total log volume
surfaces of the pieces of sawn timber, and the@as 18.1 & The logs were sawn during No-
pieces are valued according to dimension, gradember 1995—-February 1996. For grading grey
and price per unit volume. This method is usedlder logs and sawn timber the proposed system
in the present study. In the VTT method, the logef Keindnen and Tahvanainen (1995) plus the
are sawn into thin slices and the geometry of thesject -grade was used.
slices and the position, quality and size of the Top diameter (with bark) of the individual
knots are measured on a coordination table. Adsgs ranged from 112 to 295 mm. Most of the
cording to this information, the stem or the logogs were in the top diameter classes of 13 cm to
can be described mathematically with knots ii8 cm. In the first stand (Maaninka) the logs
XYZ-coordinates and sawn theoretically in giv-were smaller than in the second stand (Nilsid).
en ways. They can then be graded and valued
according to the dimensions, grades and prices o . ,
per unit volume. Table 4. Test logs divided into 1 cm top diameter

In X-ray (also called Computer Tomography classes.

CT) and NMR-techniques the internal quality of

the log can be described by measuring the chang;s-tg.gsd'ameter 1 stand 2 Total

in timber, which can mean internal knots and
other defects. An advanced method for descrili-1 4 1 5
ing the internal quality of the log is rotary-cut-12 8 4 12
ting, after which defects in the logs can be ob}3 20 4 24
served and measured from veneer by manual ig 1; g‘g
automatized scanning methods. Theoretical sa 18 12 30
ing based on dimensions and external quality of7 21 10 21
the logs is one more option; these have beers 17 8 25
studied, for example, by Hallock and Galigerl9 6 7 13
1971, Richards 1979, Nakata 1986, Liljeblad €20 6 8 14
al. 1988 and Meimban 1991. 21 2 1 3
The aim of this study was to investigate tht% I ‘21 g
potential to predict the value of grey alder 109$ 4.+ 1 1 2

by external properties. This is divided into the
Total 149 82 229

following subaims:
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Table 5. Minimum, maximum and average values ofTable 6. Prices of grey alder sawn timber.

sawlog data.
Grade Price, FIM per f
Variable Minimum Maximum Average
A 2500
Length (cm) 182 435 3048 B 2000
. C 1500
Top diameter 112 295 159.8 Reject 1000
with bark (mm)
Volume with 28 221 78
bark (dn¥) 2 The volume for each quality in a sawn piece was
Quality 1 4 2.87 calculated. ,
) 3 According to quality and volume, the value for
Saw timber —% 13.9 79.4 36.5

each sawn piece was calculated. The values used
for different quality classes are shown in Table 6.

The value for other wood material (by-products
The average values for sawlogs are presented in incl. bark), that could be used as firewood or

Table 5. material for fibre- or chipboards, was 150 FIM.
Volume of sawlogs were calculated according The values of individual sawn pieces and by-prod-

to the formula: ucts in the log were used to calculate the value for

the whole log. These log values were used in mod-

V=[13I(R+Rr+pg (1) els.
where The data were analyzed with SPSS software. An
V = volume of sawlog equation was devised by regression analysis to
| =length of sawlog depict the relationship between the log value and
R =radius at butt end the external properties of the log. The relation-
r =radius at top end ship between the grade of a piece of sawn timber

and the location of that piece in the log was
Prior to sawing, the dimensions, shape, branchinvestigated by tabulation. The distribution of
ness and other visible defects were measuredthe knots in the different parts of the logs was
given intervals 0-0.5 m, 0.5-1.5 m, 1.5-2.5 minvestigated by cross-tabulation. The logs were
2.5-3.5 m and 3.5+ m. These factors needed ¢gouped into four log grades in order to give at
be measured to be able to classify the logs inteast 50 observations for each grade, but this
different quality classes (Table 2). After this, thgorocedure was not always successful.
logs were sawn unedged (i.e. by flat slicing). This
“saw-dry-rip” -method is commonly used when
hardwood logs are sawn, in which the logs ar8 Results
first sawn unedged and the sawn timber (with
bark) is then dried. Edging of sawn wood is per3.1 Quality of Logs
formed after drying. The test logs were sawn into
one dimension, 19 mm. After sawing, the sawThere were fewer fresh knots in small-dimen-
wood was graded according to the requirementsoned butt and top logs than in larger logs.
listed in Table 3. The values for the sawn pieceSspecially in large top logs, there were consider-
and logs were calculated in the following way: ably more fresh knots than in other types of logs.
In all types of logs, fresh knots were concentrat-
1 The sawn pieces were graded according to qualigd to the section from 1.5 to 2.5 m (Fig. 1).
classifications (Table 3). The minimum length of Dry knots were concentrated at the base (0—
one grade in a piece of lumber was 40 cm. Thi®.5 m) of the logs and at a distance of 1.5-2.5 m
was estimated to be the minimum length of gFig. 2). There were almost twice as many dry
component. knots in the top logs as in the butt logs.
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Fig. 3. Rotten-knot distribution according to the dis-

tance from the butt and type and diameter of the

log.

Base log over 151 mm Top log over 151 mm
Base log under 151 mm  Top log under 151 mm

Fig. 4. Variation in the number of knot types in differ-
ent types of 3.5-meter logs.

In large butt logs there were fewer rotten knotsof logs did. In large top logs, there were twice as
than in other types of logs. Rotten knots oc-many fresh knots as in small-dimensioned top
curred most frequently in small-dimensioned toplogs. In general, top logs were more knotted than
logs and were concentrated in the section fronbutt logs were, which was consistent with the

0.5to 2.5 m (Fig. 3).

process of self-pruning. Rotten knots were more

Large top logs had more knots than other typesommon in top logs than in butt logs (Fig. 4).
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Table 7. Distance distributions of graded sawn timberTable 9. Reasons for changing the quality in individual

from the butt of the logs (all 229 logs). piece of sawn wood to a poorer qualityclass (per-
centage).
Grade Average distance from butt (cm) Limit values (cm)
Reason for Class B Class C Rejected Total
A 0-175 0-430 reduction ingrade  (AB) (AB-C) (AB,C-Rej.)
B 62-257 0-435
Cc 99-295 0-435 Number of knots 12.2 17.3 5.6 13.3
Reject 70-271 0-430 Fresh knot 18.1 5.1 - 12.9
Dry knot 52.8 47.4 44.4 50.6
Bark knot 1.9 2.6 2.8 2.1
Table 8. Distance distributions of graded sawn timbemRotten knot 7.2 9.0 - 7.2
from the butt (all 229 logs separated into fourCracks 0.3 13 - 0.6
Rot 0.3 3.2 - 1.2
Butt logs i Top logs Total 100 100 100 100
Top diameter
Grade >151mm <151 mm >151 mm <151 mm

Average distance (cm)

Table 10. Results of the saw log grading.

A 0- 91 4-140 0-102 2-127
B 65-252 74-267 46-250 58-253 sSawlog quality Number of logs Volume with bark  Proportion
c 113-299 107-302 95-276 81-304 (m?) (%)
Reject 78-280 62-251 97-301 58-282
21 1.40 7.7

B 66 6.50 35.9

C 49 3.83 21.1

Rejected 93 6.40 35.3
Average values for different grades show thatotal 229 18.13 100.0

the grades are not equally distributed throughoe
the log (Table 7). Class A, i.e. knot-free sawn

timber was mainly at the base of the logs. In thi&ble 11. Results of the sawn wood grading.
respect classes B, C and reject differed from
each other only slightly. In Table 8, the logs ar&®"" weed quality  Volume of sawnwood z%")pom"“

m
divided into four classes. The limit values show ™
that each quality class occurred equally in logsa 237 35.9
Overall, it seems that in different types of logs 2.20 33.3
the different grade classes were at the same dis- 1.30 19.7
tances. In the butt logs, class C began noticeabRgiected 0.74 111
farther away from the butt than in top logs. It'°t! 6.61 100.0

also seems that the worse the grade class was the
greater was also the length of the class. So a
rejected piece of sawn wood was usually reject- One aim of this study was to investigate how
ed totally. The best grade class A was shortewuitable the quality classifications of Keindnen
than the other classes, and it could be combineshd Tahvanainen (Tables 2 and 3) are. In Table
with poorer quality classes (normally with class-10 the results of the saw log grading are shown.
es B and C). The reasons for grade reductionsAccording to the classification (Table 2), only
are shown in Table 9. 65 % of the logs could be classified to A, B or C
Number of dry knots was the reason for reducelasses and 35 % of the logs belonged to the log
tion in sawn timber grade in half of the casesgrade Rejected (Table 10). The amount of log
This happens in every quality class. Anothegrade A was modest; only 7.7 % of the logs
very remarkable reduction was seen in qualitgould be classified to grade A. 35 % of the saw
rejected; discoloration was the reason for qualitiogs were included in log grade B and 21 % to
change in almost half of the cases. grade C.
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Table 12. Correlation coefficients between the main predictors.

FK1 FK2 FK3 FK4 DK1 DK2 DK3 DK4 TD

FK1 1.00

FK2 522 1.00

FK3 .313 487 1.00

FK4 .012 .103 316 1.00

DK1 .03 -690 -191 -.090 1.00

DK2 .021 -004 -053 -102 .379 1.00

DK3 .046 -068 -150 —-.148 447 .369 1.00

DK4 102 -029  -.056 .013 .023 117 .044 1.00

TD —.209 —.290 —.252 -.119 -.018 -.164 —-.038 .054 1.00
FK1 = number of fresh knots from base to 0.5 m DK1 = number of dry knots from base to 0.5 m
FK2 = number of fresh knots from 0.5 mto 1.5 m DK2 = number of dry knots from 0.5 mto 1.5 m
FK3 = number of fresh knots from 1.5 mto 2.5 m DK3 = number of dry knots from 1.5 mto 2.5 m
FK4 = number of fresh knots from 2.5 m to 3.5 m DK4 = number of dry knots from 2.5 mto 3.5 m

TD = top diameter of the log

1.0+ Sawn wood rejected sawn wood was very small (6 %). The
. quality sawn wood quality in log grades B and C do not
5 mmm rejected  differ. In both log grades the distribution of sawn
_ o C wood classes is similar. The log grade Rejected
2 e includes the least grade-A sawn wood, but the
g & A volume of grades B and Rejected sawn wood are
g equal to the better sawlog qualities (B and C).
§ 4 Average amount of grade-A sawn wood in the
& sawlogs was 36 %, for grade-B 33 %, for grade-
P C 20 % and for the Rejected class 11 %.
00 B C RejectedAverage 3.2 Models for Predicting the Value of
Sawlog quality Logs

Fig. 5. Distribution of saw log grades and distribution
of sawn wood qualities in various saw log gradesT he correlation matrix between the main predic-
tors is shown in Table 12. These 9 factors were
used when the final models were built. The other
When the results in Table 11 are compared ti@actors, such as twist and cracks, were not signif-
the log grades measured (Table 10), the mainant, so the correlation matrix for them is not
difference is the small amount of Rejected sawpresented.
wood. The volume of grade A sawn wood is The largest correlations were between FK2
significantly greater than could be predicted fronand DK1 and between FK1 and FK2. These
the log grading. In Figure 5 we can see theorrelations were taken into consideration when
relation between grades of the logs and qualitihe regression models were built. The correla-
of the sawn wood. From the figure can be seelipns between the predictors used in the models
what kind of sawn wood could be obtained fronare smaller that0.252 (between FK3 and TD).
different grades of logs (A, B, C, Rejected). WeThe regression models used for predicting the
can also see the average distribution of sawralue for grey alder logs based on external qual-
wood qualities. ity are shown in Table 13.
From the grade-A saw logs we reached over The models were made in order to predict the
50 % grade-A sawn wood. The proportion ofvalue of different kinds of logs. There are sepa-
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Table 13. Regression models for predicting the value of grey alder logs.

X-variable B SE B Beta t p>

Model 1: Value of butt logs (FIM), R= 0.34, SEE = 21.87, n = 136

Intercept -4.20

TD 0.43 0.11 0.34 3.84 0.0002
Model 2: Value of top logs (FIM), R= 0.29, SEE = 15.26, n = 93

Intercept 53.24

DK3 -3.66 191 -0.21 -1.92 0.0584
FK3 -2.19 0.91 -0.26 -2.42 0.0177
Model 3: Value of top logs incl. top diameter (FIMER0.37, SEE = 14.91, n = 93
Intercept 4.21

DK3 -3.53 1.86 -0.20 -1.90 0.0615
FK3 —2.16 0.89 —-0.26 —2.44 0.0170
TD 0.36 0.16 0.23 2.23 0.0288
Model 4: Value of all logs (FIM), R= 0.31, SEE = 22.29, n = 229

Intercept 67.56

DK2 —7.99 3.43 -0.16 -2.33 0.0210
FK3 -3.96 0.99 -0.27 -3.99 0.0001
Model 5: Value of all logs incl. top diameter (FIM)2 R0.57, SEE = 19.16, n = 229
Intercept —7.86

FK3 -1.91 0.88 -0.13 -2.17 0.0310
TD 0.45 0.05 0.53 8.76 0.0000

B = coefficient of regression, SE B = standard deviation of regression coefficient, Beta = standard coefficient of
regression, t = value of t-test, p = level of risk.

rate models for butt and top logs. In explanatiothe value. As shown in Model 2, dry knots de-
of the models there are differences in interpretarease the value more than fresh knots do. The
tions. In Model 1 there were no significant exterknotness from the 1.5 m to 2.5 meters was the
nal signs of quality that could be used in predicmost significant as in Model 2. Of these six
tion; obviously, for the knot-free base section omodels the standard error for Model 3 was the
a log the only external signs that can be used asenallest.
dimensional (e.g. top diameter and length). Model 4 gives the log value only according to
In Model 2 all the coefficients are negative the number of knots. The coefficients of deter-
which means that all knots (fresh and dry) demination for different variables are logical in
crease the value of the stem. This is a diredtterpretation. Both coefficients are negative,
result of prefering the knot-free timber as thavhich indicates that knot-free timber is the most
most valuable. Dry knots decrease the value mox&luable. Dry knots influence the log value more
than fresh knots do. The knottiness at the sectidhan fresh knots do. In Model 5 the top diameter
from 1.5 m to 2.5 meters is the most significantvas included, which greatly increased the signif-
predictor from quality signs. The standard erroicance of the model. Here the coefficient of de-
is smaller in Model 2 than in Model 1. termination was 57 %, and the standard error
In Model 3 the coefficient of determination was also smaller than in Model 4. Residual plots
was larger than in Model 2. Top diameter of dor the two most useful Models (3 and 5) are
log was included in Model 3 and the coefficienshown in the figures below (Figure 6).
of determination improved slightly (37 %). The The residual plot for top logs (incl. top diame-
explanations for the coefficients in this modeter) has the smallest standard error (14.91). Model
were logical; the top diameter increases the vab has a large standard error but the residual is
ue of a log, and the dry and fresh knots decreastll symmetrical.
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Predicted value for top logs incl. top diameter (Model 3), FIM

4

Small-dimensioned butt and top logs are less
knotty than large logs. If we compare these num-
bers of knots to the grade classification present-
ed in Table 2, both averages could be included in
grade-B. Large butt logs could be classified as
grade-C and large top logs in the rejected cate-
gory. Nevertheless, this is only a classification
according to knottiness, in which the other qual-
ity factors (bends, cracks, discoloration etc.) are
not taken into consideration. Overall, it seems
that the different grades are located in compara-
ble sections along the length in different types of
logs. It also seems that the worse the grade class
was, the longer was also the length of the class.

3 . The most common reasons for decreasing grade
° Te e were dry knots and discoloration.

< 2 o . o, % | . When the models for predicting the value of
= L . * e 8% . grey alder logs are considered, three models
g R T o:,; o seemed to be valid: models predicting the value
20 - }; 5}’@";&& °;,° o’ fqr butt logs (Model 1), top logs i_ncludi_ng top
g_l ® o *..ggnvﬂ;r > % d!ameter (Model 3) and all logs including top
s “:i’:’“"oy ] diameter (Model 5). Models 2 and 4 (based only

-2 ° & on external knot amount) were also logical, but

° ° ° the standard errors were slightly higher because
_320 20 o0 30 100 120 thetop diameter was not included.

The most important source of error in this
material was the subjective sampling of experi-
mental logs by two loggers. The trees were se-
lected with the limitation that the logs had to be
sawable (stem form). Those trees, from which
the logs were cut, obviously were not the aver-
age trees in the stands as far as quality was
concerned. On the other hand, according to the
grades in Table 2, they were the best and largest
trees. The measurements were made from only
In general, grey alder logs have knots from thewo stands. Along with the geographical concen-
base to the top. All types of knots appear and theation of the material, this permits only limited
length of the knot-free section at the base ipossibilities to apply the results elsewhere in
short. The difference between a dry-knot sectioRinland. Nevertheless, the material gives an in-
and a fresh-knot section is not as obvious as, faication of the quality of grey alder logs in the
example, with birch (Kérkk&inen 1986). In small-Savo-Carelian area.
dimensioned logs there are fewer knots than in Unfortunately, the size of the knots (beyond
larger logs. Especially in large top logs, there arelassification) was not taken directly into ac-
many more fresh knots than in other types ofount when the logs and timber were classified;
logs. It is interesting that dry knots are concenif they had been, it would have permitted more
trated at the base of the logs (0—0.5 m) and in thketailed analysis of the knot distribution in dif-
section from 1.5 to 2.5 m. The number of drnferent kinds of logs. The knots were measured
knots in top logs is almost twice that in the butbnly partly in order to classify the logs and sawn
logs. Rotten knots are concentrated in the sepieces rightly. The grading used for grey alder
tion from 0,5 to 2,5 m. logs and sawn timber (Tables 2 and 3) is also one

Predicted value for all logs incl. top diameter (Model 5), FIM

Fig. 6. Standardized residuals for Models 3 and 5.

4 Discussion
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source of error, because it is based on theoretical according to VMR 1-81 and value grading sys-

assumptions and the grade limits are fixed with- tem. Swedish university of Agricultural Sciences.

out empirical studies. This causes error when the Dep. of For. Products. Report 167. 66 p. (In Swed-
grading is used for value predictions. Despite of ish with English summary).

these error possibilities, the reliability of the re-Grace, L.A. 1993. Evaluating a prototype log sorting

sults can be considered good: one aim of the system for use in pine sawmills. Swedish Univer-

research was even to investigate the suitability sity of Agricultural Sciences. Dep. of For. Prod-
of the classification (Tables 2 and 3) to practise. ucts. Report 237. 43 p. (In Swedish with English
It is possible to make grading rules for saw summary).

logs and sawn wood that are better than thostakkila, P. 1970. Grey alder as pulpwood. Paper and

used in these experiments (Keindnen and Tahva- Timber 12: 817-824.

nainen 1995). In particular, there are problemBallock, H. & Galiger L. 1971. Grading hardwood

in classifying the B and C logs; these types of lumber by computer. Res. Pap. FPL 157. USDA

logs do not differ enough. The problems could Forest Serv., Forest Prod. Lab., Madison, WI.

be avoided by allowing more dry knots in gradesianks, L.F. 1976. How to predict lumber-grade yields

B and C; then the amount of rejected sawlogs for graded trees. USDA Forest Serv. Gen. techn.

would be comparable to that of rejected sawn rep. NE-20: 1-9.

wood. These classification rules, however, are ldarless, T.E.G., Wagner, F.G., Steele, P.H., Taylor,

step in the right direction for better utilization of F.w., Yamada, V. & McMillin, C.W. 1991.

alder in Finland. Methodology for locating defects within hardwood
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