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Introduction

A There is a further need for efficient sorting and
grading of timber which utilizes the whole variation
of mechanical properties of wood. Early allocation of
raw materi al ("seel ng I
of the efficient procurement chain.

A Wood is competing with other materials, such as
steel, concrete, plastics and composites in
construction, as well as in other uses.
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Introduction

A Sorting and grading of sawn timber is used to
make timber trade more effective. Grading
methods include, for example, INSTA 142 rules
for visual strength and NT grading for
appearance grading for nordic timber, as well
upcoming EN 338 rules (C grades).

A In addition, sawmills use their own, end-
product oriented and internal grading rules for
both logs and sawn timber.
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Objectives

A Study the variation and predictability of grade
distributions for visual strength and appearance
grades of Scots pine and Norway spruce timber
from Finland and north-western Russia.

A Find out how accurately it is possible to predict
the grade yields from either log properties or
sawn timber properties, and whether any
regional differences remain thereafter.
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Materials

Data consisted of 1,162 spruce and 1,069 pine sawn pieces from selected log
procurement areas in Finland and north-western Russia.
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Materials

Scots pine

Diameter class of the log with bark, min top diameter, mm

160 175 210 280 310
Region Dimension of the sawn piece, mm

38*100 50*100 50*150 63*200 44*200 Total
South-eastern Finland 22 22 17 44 105 210
Western Finland 22 21 22 42 108 215
Northern Finland 22 22 21 43 108 216
Novgorod, Russia 21 22 23 44 107 217
Vologda, Russia 22 22 21 44 102 211

109 109 104 217 531 1,069
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Materials

Norway Spruce

Diameter class of the log with bark, min top diameter, mm

155 170 205 275 305
Region Dimension of the sawn piece, mm

38*100 50*100 50*150 63*200 44*200
South-eastern Finland 45 44 44 44 44 221
Western Finland 44 44 44 44 44 220
Northern Finland 44 44 44 44 44 220
Vologda, Russia 44 44 44 44 44 220
Karelia,Russia 44 57 60 60 60 281

221 223 236 236 236 1,162
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Materials

A Several measurements were conducted on logs and
sawn timber, such as log type, knot features, ring

width, latewood, heartwood, grain angle and technical
defects.

A Sawn pieces were visually graded for T grades T10,
T18, T24, T30 (and T40 for pine), which is a Finnish
application of the INSTA 142 rules, as well as
appearance graded to grades A, B, C and D according
to the Nordic ti mber gr
Nordic Timber ... 1994) .
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Methods

A Since the response variable is categorical, logistic
and multinomial regression were chosen as
modeling methods.

A The method seeks to predict the probability/odds
ratio of belonging to a certain grade compared to
the reference grade; t
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Methods

A The logistic regression has a linear form for
the logit of this probability. Results are often
expressed as odds ratios, that is, the ratio of
the odds of being in category 1 to the
reference category (e.g Agresti 1996).

A Multinomial regression is an expansion of the
logistic regression, where more than two
response categories are possible.
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Methods
A Logistic models: T30 toT40 or

T24 toT40 comprised category Category 1 Category 1
1, and lower grades categor
' 8 SOTY W 140 (for pine) [l 740 (for pine)

0. T30 T30
A Multinomial models: strength T24

grades from T10 toT40 for pine

T40
Reference

T30
(Reference for
spruce)

and from T10 toT30 for spruce

were modeled using the best Category 0 Category 0
grade (T40 or T30) as the 24 T3
reference. T18 T10 (Reject)

A Multinomial appearance grade 710 (Reject)
models were calculated for
pine only, because of the
dominant proportion of grade

T24

T18

T10 (Reject)

: Appearance
B for spruce in the grade yield. Visual strength grades ggﬂes
For pine, the grade A was the

reference.
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Descriptive results
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Descriptive results
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Descriptive results
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Descriptive results
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Descriptive results
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Modeling results

Multinomial models,

Scots pine T40 T30 T24 T18 T10 Overall
T grading, log properties 62.0 13.4 46.2 28.3 63.6 46.3
T grading, sawn
timberproperties 62.0 14.7 41.1 22.8 62.2 43.7
A B C D Overall
NT grading, log properties. 70.0 57.7 41.0 12.8 50.1
NT grading, sawn timber
properties. 54.0 51.0 33.0 3.0 39.9
Logistic models, Scots T30- T24-
pine T40 T40 Others Overall
T grading,T30-T40, log properties 60.2 91.2 83.5
T grading, T24-T40, log properties 73.8 78.3 76.1
T grading, T30-T40,sawn timber properties 70.2 X 93.1 87.4
T grading, T24-T40, sawn timber properties X 77.2 78 77.6




Modeling results

Multinomial models,

Norway spruce T30 T24 T18 T10 Overall
T grading, log

properties. 62.3 71.3 13.1 5.2 52.1
T grading, sawn

timber properties. 72.6 73.6 25.9 11.2 58.5
Logistic models,

Norway spruce T24-T30 Others Overall
T grading, T24-T30,

log properties. 96.6 18.3 X X 76.2

T grading, T24-T30,
sawn timber
properties. 93.8 31.1 X X 76.9
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Factors for grade distributions

A Differences between geographical regions did
appear in this study, especially for pine, however,
not being the major grade determinig factor. All
regions did not appear significant in all
submodels. For spruce, region was mostly
insignificant.
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Factors for grade distributions

Region Multinomial models Logistic models
Pine, T grades Odds ratios Odds ratios
Western Finland 0.372 ¢ 0.490 3.049
South-eastern Finland 2.620

(Reference: Vologda)

Pine, NT grades

Western Finland 0.221 ¢ 0.424
South-eastern Finland 0.228 ¢ 0.463
(Reference: Vologda)

Spruce, T grades

South-eastern Finland 1.964 C 3.267
(Reference: Vologda)

All odds ratios presented are significant at 5% level.
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Factors for grade distributions

A The external quality and type of the log (butt
logs versus upper logs) were the most
important grade determining factors when log
properties were used as predictors.

A Butt logs generally influenced towards better
grades compared to upper logs.
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Factors for grade distributions

Multinomial
Log type models Logistic models
Pine, T grades Odds ratios Odds ratios
High or low quality butt log 0.067 71 0.439 2.07271 2.855
(Reference: Upper log)
Pine, NT grades
High or low quality butt log 0.198171 0.375
(Reference: Upper log)
Spruce, T grades
Butt log or higher quality upper log 0.16171 0.371 2.50071 3.631

(Reference: lower quality upper log)




Factors for grade distributions

A Knot related properties were important
predictors, especially when sawn timber
properties were used as predictors: the
diameter and number of sound, or dry knots
Oon sawn piece.

A The largest dry knot on the log was the most
important variable when using log properties
as predictors.
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Factors for grade distributions

Multinomial
Knot related properties models Logistic models
Pine, T grades Odds ratios Odds ratios
Largest dry knot on log, mm 1.0727 1.175 0.91171 0.933
Largest sound knot on log, mm 0.976

Number of sound knots on sawn piece 2.01671 5.331 0.599171 0.643
Number of dry knots on sawn piece 0.6137 0.559 1.358171 1.502
Largest knot on sawn piece, mm 0.900 71 0.952
Latewood % 0.86771 0.914 1.0397 1.064
Pine, NT grades

Largest dry knot on log, mm 1.04971 1.096

Largest knot on sawn piece, mm 1.01371 1.018




Factors for grade distributions

Spruce, T grades

Number of small knots on sawn piece
Largest dry knot on log, mm

Largest sound knot on log

Largest sound knot on sawn piece

Number of sound knots on sawn piece

Number of resin pockets

Multinomial
models

Odds ratios
0.6741 0.790
1.054 171 1.083
1.02171 1.049
1.076 7 1.120
1.188 71 1.289

Logistic models

Odds ratios

0.951

0.792



Conclusions

A Variation in measured properties and
geographical differences were larger for pine
than for spruce, therefore the procurement
area is less important when acquiring spruce
timber.
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Conclusions

A More best and worst grades can be expected
from pine, and more intermediate timber from
spruce because of the homogeneity of the
timber properties of spruce.

A In this study, timber from northern Finland
suffered from dry knots compared to more
southern origins.




Conclusions

A The effect of climate and forestry practises came
through in the measured properties and grade
vield distributions; generally, colder climate
(northern Finland and Vologda) provides better
grades.

A Forestry practises, such as thinnings, affect the
grade yield clearly between more fertile origins
in Finland and Russia: this appeared in the size of
dry knots on the logs and sawn pieces.

¥ 29
IDEe = 3! 3% - Fa




Conclusions

A Technical defects of sawn timber which were not
included in the models, but cause serious
downgrading, such as knot sum (KAR) and new shoot
formation (top break), affect the performance of the
spruce models. Edge knots still remain the main cause
for downgrading, but were not unfortunately included

in the models.

A The data of this study was commercially obtained, and

therefore objective sampling and regional
representability was not fully met, especially in the

Russian areas.
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Further research

A Studying factors and generating models for
modulus of elasticity and bending strength using
log and/or sawn timber properties as predictors,

A Studying factors for and modeling the grade
vields of machine graded strength classes C14 to
C50 and rejects.

A In both studies, the datasets from the same logs
and parallel pieces of sawn timber from the same
geographical regions as in this study are used.
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