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Abstract

The aim of the study was to increase knowledge on differences in mechanical properties of Scots pine sawn timber

from selected log procurement areas in Finland and north-western Russia and to study the prediction of bending strength
and modulus of elasticity, which are important properties in the construction uses of sawn timber. Support to the optimal
sourcing of roundwood for structural products of sawmills as well as for the development of manufacturing value added
products by improving sorting and grading of logs and sawn timber was targeted for, the sorting being based either on log
measurements or log and sawn timber measurements together. The study was a continuation to the corresponding study
of Norway spruce.

Pine logs and centre yield sawn pieces (N = 934) were collected from five geographic growing regions, three from
Finland and two from Russia. The levels and statistically significant differences in local longitudinal modulus of elasticity
(E,,) and bending strength (f_ ,,) of sawn timber were determined, along with several physical characteristics of sawn
timber and logs. Multiple linear regression models were calculated to predict E, and |, using sawn timber and log
properties as predictors, and it was analysed if any regional differences remained thereafter.

Generally, the levels of fm']2 were much higher in Finland than in Russia, being highest in northern Finland and
lowest in Novgorod region, albeit the large within-region variations. For E , the variations between the regions were
somewhat smaller, but more fertile growing conditions seemed to provide sawn timber with lower E,. Air-dry density,
knot area ratio (KAR) and annual ring width (RW) were the best predictors for E ,, and E,,, KAR and RW for f_,. If
only log properties, only sawn timber properties or log and sawn timber properties together were considered, 60%, 76%
or 77% of the variation in f  could be accounted. Generally, higher coefficients of determination were reached for pine

m,12
in this study than for spruce in the previous study. Compared with the earlier studies on Scots pine, the bending properties

were somewhat lower, and the geographic variation was more obvious, more systematic and larger.
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Introduction

Bending strength and longitudinal modulus of
elasticity, later referred as MOE, are the two main raw
material factors affecting the use of timber in construc-
tion, because they affect strongly the static, long term
strain properties in wooden structures (Bodig and
Jayne 1982, Winandy and Rowell 1984, Glos 1995).
Strength of wood describes the load bearing capacity
of a structure without breaking, while modulus of elas-
ticity is the ability of a structure to maintain its form
under stress. There is a strong positive correlation
between strength and MOE, so it is worthwhile to use
MOE to estimate strength, because the ultimate
strength is hard to determine without breaking the test
piece (Kollman and Coté 1968, Zobel and van Buijtenen
1989, Bodig and Jayne 1992).

For softwood species, bending strength and MOE
correlate with the basic wood properties that are more
easily measured, such as density, annual ring width
and proportion of latewood. Increase in the propor-
tion of latewood correlates positively with density for
softwoods, whereas an increase in ring width corre-
lates negatively with density, and therefore affects
negatively the level of strength and MOE (Zobel and
van Buijtenen 1989, Kérkkédinen 2007). These correla-
tions are found to be somewhat weaker for MOE than
for strength (e.g. Bodig and Jayne 1982). Before-men-
tioned basic wood properties are fairly easily measur-
able or readily available, but as with all indirect meth-
ods for predicting strength, uncertainty always re-
mains (Glos 1995, Ranta-Maunus et al 2001).

The levels of strength and MOE are widely stud-
ied for different tree species, but there is a large var-
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iation in the properties according to different studies
(e.g. Wood Handbook 1999, Diebold et al. 2000, Ran-
ta-Maunus 2009, Nocetti et al. 2010, Ranta-Maunus et
al. 2011). The differences of clear wood specimens in
strength and stiffness are caused mainly by variation
in density, which is affected, for example, by growth
rate and irregularities of wood, as well as by the char-
acteristics of the testing methods (e.g. Isaksson 1999,
Bowyer et al. 2007). Most studies have concentrated
on testing of and modelling for small clear test spec-
imens. This approach does not take knots, slope of
grain or mechanical defects of wood into considera-
tion, hence, the strength of sawn timber in construc-
tion use can be substantially lower (e.g. Doyle and
Markwardt 1966, Zhou and Smith 1991, Flate et al.
2001, Saranpéé and Repola 2001). Strength decreasing
defects of sawn timber as well as the size effects (e.g.
Bohannan 1966, Barrett et al. 1992, Isaksson 1999) are
accounted for in structural design and in visual
strength grading by large safety margins, which can
result in inefficient utilization of strength properties
(Bodig and Jayne 1982, Johansson et al. 1992, Bos-
trom 1994, 1999, Ranta-Maunus et al. 2001). Finally,
morphological, physical and mechanical properties of
the material combined with the environmental condi-
tions like moisture content and temperature, chemical
treatment and time dependent effects ultimately form
the actual performance of the wooden structure over
time (e.g. Bodig and Jayne 1982, Meyer and Kellogg
1984, Hoffmeyer 1990, Blass et al. 1995).

The levels of different strength properties, MOE
and density as affecting factors have been studied early
for the clear wood of Finnish softwoods by Jalava
(1945) and Siimes and Liiri (1952). More widely speak-
ing, Hudson (1967) studied the density, MOE and
strength properties of clear wood specimens from pine
and spruce sawn timber imported to UK from European
boreal and temperate countries, including Finland and
northern parts of the Soviet Union. Verkasalo (1992)
studied the effects of selected anatomical and physi-
cal characteristics of wood on the MOE of southern
Finnish pine in bending. Verkasalo and Leban (2002)
studied and modelled bending strength and MOE of
Finnish pine and spruce and French pine, spruce and
fir based on simple physical characteristics of wood
related to site, geographic origin and tree dimensions.
Regarding tree species composition in a stand, Saran-
pédé and Repola (2001) studied the bending strength of
spruce from monocultures and mixed stands of spruce
and birch in Finland and Sweden. Regarding thinning
wood, Stod and Verkasalo (2008) studied and modelled
modulus of elasticity and strength in bending and com-
pression of Scots pine in southern Finland, and Kask
and Pikk (2009) in Estonia, considering also the effects

of site type and tree age. Aleinikovas and Grigaliunas
(2006) and Aleinikovas (2007) studied the pine wood
mechanical properties in relation to forest site type and
diameter growth in Lithuania. Chuchala et al. (2013)
studied the importance of density and the related me-
chanical behaviour of pine wood for cutting forces in
four regions in Poland.

Fewer studies are available on the strength or MOE
of full size sawn timber than clear wood. Less results
are available on Scots pine than Norway spruce, as
well, because pine is not so well known and common-
ly used as a construction material as spruce (e.g. Vir-
tanen 2005). In Finland, Lindgren (1997) made the first
study on the bending properties of sawn timber, for
pine in one geographic region and spruce in three
geographic regions, the pieces being machine-graded
for strength, measured for morphological and physi-
cal properties and tested for ultimate strength and MOE
destructively. The strength was predicted using sin-
gle and multiple linear regression models.

Boren studied (2001) the bending and compres-
sion strength and stiffness of pith enclosed round and
sawn timber of pine and spruce from thinning stands
in southern Finland, and St6d and Verkasalo (2008)
studied and modelled the bending strength and MOE
and strength grade distributions of pine sawn timber
from thinning stands with final cutting stands as the
reference. In these studies, accurate measurements of
trees, logs, and wood were combined with destructive
results of the mechanical properties.

Ranta-Maunus et al. (2001) presented results on
the levels of strength and MOE for pine and spruce
sawn timber in Finland and Sweden. Ranta-Maunus
(2009) and Ranta-Maunus et al. (2011) presented wide
ranges of results on strength and MOE, compiled from
the datasets of Pan-European research projects on
strength grading during 2000°’s. Lindstrom et al. (2009)
studied the MOE of approximately 60 to 65 cm speci-
mens of Scots pine from mature stands in Finland and
Sweden both with the natural defects and after cut-
ting them off, and the potential of acoustic measure-
ments and dynamic MOE of trees or logs for the esti-
mation of actual MOE of sawn timber billets.

Hanhijarvi et al. (2005) studied the potential of
different non-destructive measurements in predicting
bending strength and MOE for sawn pieces from saw-
mills in south-eastern Finland using single and multi-
ple linear regression analysis. As it could be expect-
ed, MOE was the best single predictor for strength in
the different methods providing R? values of 0.7-0.8
for pine and 0.5-0.6 for spruce. The best results were
achieved by combining stiffness parameters with knot
or density measurements. Good results were also ob-
tained from log measurements using X-ray and acous-
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tic frequency methods. Hanhijdrvi and Ranta-Maunus
(2008) reached parallel results in their further study on
a larger sample with wide geographic represent abili-
ty in Europe (see before). Baltrusaitis and Aleiniko-
vas (2012) studied recently the potential of predict-
ing and modelling strength properties of Scots in
Lithuania using two commercially available non-de-
structive methods, as well.

The strength and stiffness properties of Russian
timber have been studied little, and published rarely
in English, albeit the extensive use of Russian logs in
Finland and Baltic countries since the early 2000’s (e.g.
Viitanen and Karvinen 2010, Hautamaiki et al. 2012).
Some results on East-European pine and spruce sawn
timber were presented in the before-mentioned Pan-
European projects by Ranta-Maunus (2009), Stapel and
Denzler (2010) and Ranta-Maunus et al. (2011).

Despite the recent development work, there is a
further need for cost-efficient, end-user oriented grad-
ing of sawn timber for strength, where, on one hand,
the best grades meeting the highest construction re-
quirements can be detected with high yield, and, on
the other hand, the reject grades can be eliminated
efficiently for high homogeneity of deliveries. All the
possibilities of using log and sawn timber measure-
ments and models based on appropriate variables
should be considered. Early control of natural strength
variation in wood, proper sourcing of logs based on
the strength and optimization of the entire production
chain of sawn timber would also increase the compet-
itive ability of wood against other materials.

The objective of this study was to examine the
variation in and predictability of bending strength and
modulus of elasticity of Scots pine centre yield sawn
pieces from selected log procurement regions in Fin-
land and north-western Russia. The aim was to find out
how accurately ultimate bending strength and local mod-
ulus of elasticity could be predicted from measurable
external characteristics of logs and/or properties of sawn
pieces using linear regression modelling procedure.
Simultaneously, it was analysed whether any regional
differences remained thereafter. This paper is a contin-
uation to the corresponding study on Norway spruce,
which was published before by Hautamiki et al. (2013).
Therefore, the results on Scots pine are discussed here
in relation to Norway spruce, as well.

Materials and Methods

Data and measurements

The data consisted of Scots pine logs and sawn
timber from the operations of three sawmills and their
respective wood procurement regions in Finland, Lap-
peenranta for south-eastern Finland, Merikarvia for

western Finland and Iisalmi for northern Finland, and
two regions in north-western Russia, The Republic of
Karelia representing southern and fertile growing con-
ditions and Vologda area representing more continen-
tal and colder growing conditions. The geographic
origin of the pine material was similar to that of spruce
material in the previous study, except for the Novgorod
region replacing Republic of Karelia in north-western
Russia (Hautamiki et al. 2013, Figure 1).

The logs were sampled at the mills in connection
of unloading the timber trucks or railway wagons among
the log receipt and measurement operations. Five log
diameter classes were defined as the basis for sampling
(see Table 1) and the minimum log length of 5.2 meters
was applied for practical reasons of sawing the test ma-
terials. The principle of random sampling was followed
by sampling five logs at the maximum from each load
and without any quality assessment.

Before sawing the logs, they were cut into 4.5 m
length and several features were measured physically
or evaluated visually from them. Disc specimens were
cut from both ends for the measurement of ring width,
proportion of latewood and proportion of heartwood.
Measurements were made in laboratory using binocu-
lar microscope equipped with video camera and a slid-
ing table to which the disc was attached. Diameter of
the largest knot, the largest dry knot, and the largest
sound knot were also measured from each log. Descrip-
tive data on the features of logs and wood are shown
in detail in Hautamaki et al. (2010).

After the logs were measured and sawn, one cen-
tre-yield piece was chosen per log for the studies, the
pieces being cut opposite to those for assessing vis-
ual strength and appearance grade by Hautamiki et
al. (2010). The number of logs and the number of sawn
pieces in the respective dimension class that under-
went all phases of measurements in this study, after
omitting the mechanically damaged pieces from the
strength tests (see Hanhijarvi and Ranta-Maunus 2008)
and picking some pieces to parallel tension, shear and
compression strength tests (Poussa et al. 2007), are
shown by species and region in Table 1. In total, 934
sawn pieces from the 1069 pieces in the original mate-
rial could be used in this study.

The destructive measurements of ultimate bend-
ing strength (fm’lz) and modulus of elasticity (E,,) were
performed on the sawn pieces at the Technical Re-
search Centre of Finland (VTT) according to EN 408
standard (CEN 2003). Modulus of elasticity was de-
termined by two ways: “locally” based on the deflec-
tion of the constant moment region between the press-
es, and “globally” based on the deflection of the whole
span; the variable used in this study was local MOE.
The density of each piece was measured on small slices
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Table 1. Number of logs by diameter class
and number of sawn pieces by respective

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

. . . 160 175 210 280 310
dimension class, by region Region Dimension of the sawn piece, mm

38*100 50*100 50*150 63*200 44*200 Total

South-eastern Finland 41 43 39 31 26 180

Western Finland 44 41 41 32 24 182

Northern Finland 41 42 40 38 32 193

Novgorod, Russia 38 43 39 40 27 187

Vologda, Russia 41 42 35 42 32 192

205 211 194 183 141 934

cut from the neighbourhood of the failure location, at
approximately 12% moisture content.

All natural and technical wood defects were meas-
ured of each piece before testing, knot area ratio, later
referred to as KAR, being calculated based on the knot
measurements (see Hanhijarvi and Ranta-Maunus 2008).
After the failure, knot pattern of the broken cross-sec-
tion was recorded by drawing on mm-paper. KAR was
chosen to represent the knot variables because it com-
bines the effect of individual knots and because the
quality of the knots does not have a strong influence
on either strength or modulus of elasticity.

Statistical Methods

Multiple linear regression and general linear model
procedures of PASW Statistics program version 17.0
were used for modelling ultimate bending strength and
local MOE because of their generally good fit in de-
scribing the relationships between mechanical prop-
erties of wood and timber. All the categorical factors
were assumed fixed.

The levels of strength, local MOE, KAR and den-
sity were examined by region, and one-way ANOVA
procedure was used to detect the possible differenc-
es between geographic regions in these properties. If
variances between groups were unequal, Welch and
Brown-Forsythe tests for the equality of means were
used. Post-hoc-tests were used to find out where the
differences between regions appeared.

Tables of correlation were generated between the
studied variables to get an overall picture of the in-
terrelations between them and to choose the explana-
tory variables for the models. The explanatory varia-
bles were hand-picked and the combinations with the
highest coefficient of determination (R?) and statisti-
cal significance (p-value d < 0.05) were chosen to the
final models.

The presumptions of linear regression were
checked through graphical examination (scatter plots),
and the residuals were examined for normality and
homoscedasticity. For simple linear regression models,
logarithmic transformations were made to some varia-
bles to improve the linearity of the dependence be-

tween independent and dependent variables. For mul-
tiple regressions, multicollinearity of the potential ex-
planatory variables was examined through variance
inflation factor, tolerance and collinearity diagnostics
of PASW Statistics program.

First, simple linear regression models were calcu-
lated for the single explanatory variables, then com-
binations of MOE, KAR, ring width and density were
used to explain strength, and KAR, ring width and
density to explain MOE. Then models using only vis-
ible log variables were used to generate multiple re-
gression models. In addition, models using sawn tim-
ber properties and all possible explanatory variables
were calculated to find the best possible combination
of predictors. The performance of the models was
evaluated based on their coefficients of determination
(R?) and root mean square errors (RMSE).

Results

Mechanical and physical properties by region

Both for the strength (fm,]z), local MOE (E ) and
density (p,,), sawn pieces from northern Finland had
the highest values followed by western and south-
eastern Finland, albeit none of the within-country dif-
ferences were significant. Sawn timber from Novgorod
had the lowest average values along with Vologda, and
the differences between Russia and Finland were sig-
nificant (Table 2).

The amount and size of knots were highly varia-
ble of the strength determining factors. When geo-
graphic areas were compared for the KAR, sawn tim-
ber from northern Finland had significantly smaller
knottiness than that from Novgorod, where the KAR
value was largest. South-eastern and western Finland
had almost equal values and they differed significantly
from Russian areas and also at the 5% level of confi-
dence from northern Finland (Table 2).

Models for sawn timber

Strength

For the strength, the explanatory power of each
independent variable is presented in Table 3.
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Table 2. Means and standard deviations of variables measured from logs and sawn pieces by region

property Eonalo e Nemer  Noworod  Vologea
N Mean Std. Mean Std. Mean Std. Mean Std. Mean  Std.
dev dev dev dev dev
fm, 12 (MPa) 933 428 121 43.8 121 466 139 318 112 340 112
Ei12 (GPa) 933 11.8 25 11.8 2.3 121 23 10.0 22 10.0 21
pi2 (kg/m?) 933 4816 529 4916 567 4954 551 439.7 440 4355 461
KAR 909 0.21 012  0.21 0.14 0.17 010 029 012 024 0.12
Ring width (sawn piece, mm) 890 2.0 0.7 1.9 0.7 1.6 0.5 2.6 0.7 2.6 08
Latewood % (sawn piece) 890 285 3.9 23.6 3.9 36.1 45 21.8 3.6 24.6 6.5
Ring width (log, mm) 1050 1.7 0.5 1.6 0.4 1.3 0.3 1.8 0.4 1.9 05
Latewood % (log) 1050 293 3.7 254 35 36.5 4.6 24.2 3.3 284 6.2
Heartwood % 1090 571 9.9 59.0 9.0 623 107 689 7.8 65.3 82
Largest dry knot (mm) 1107 201 138 216 13.6 186 122 311 147 248 134
Largest knot (mm) 1107 2441 165 252 17.0 222 162 335 165 260 142
Taper (cm/m) 1107 1.3 08 16 12 16 07 141 05 11 05
Number of year rings 1050 74.6 252 851 273 1011 222 698 164 804 271

Local MOE had the best explanatory power with
63% of the variation in strength explained, while den-
sity, KAR and ring width of the sawn piece each ex-
plained 41-47%. Ring width of the log explained 30%
of the variation and the proportion of latewood 22%.
The explanatory power of knots was rather high, since
40-44% of the variation in strength was explained
using diameter of the largest knot or the largest dry
knot as explanatory variables. Number of year rings
explained 18% of the variation, while taper and pro-
portion of heartwood explained both less than 10%.

When modelling strength using categorical explan-
atory variables, geographic area explained approximate-
ly 19% of the variation. Quality of the log and the log
type explained 15-18% of the variation and showed
the significant difference between butt logs and up-

Table 3. Parameter estimates, coefficients of determination
(R?) and RMSE values of the models where continuous ex-
planatory variables are used to predict bending strength

Estimate (S.E) Estimate (S.E) R? RMSE
Intercept B

Strength, MPa (Sawn
piece properties)
Ei2(GPa) -8.91 (1.24) 0.004 (0.00) 0.63 8.20
logso ring width (mm) 57.43 (0.71) -58.67 (2.1) 0.47 9.80
logiop12 (kg/m?) 416.52 (17.38)  171.04 (6.52) 0.43 1020
KAR 55.57 (0.72) -70.36 (2.79) 0.41 1040
Latewood % 15.04 (1.59) 0.91 (0.06) 0.22 11.90
Strength, MPa (Log properties)
Largest dry knot (mm) 55.27 (0.66) -0.64 (0.02) 0.44 10.10
Largest knot (mm) 53.97 (0.67) -0.52 (0.02) 0.40 1040
logio ring width (mm) 51.03 (0.7) -57.92 (3.0) 0.30 11.30
Latewood % 11.29 (1.84) 1.00 (0.06) 022  12.00
Number of year rings 22.9 (1.27) 0.212 (0.02) 0.18 12.30
Heartwood % 62.90 (2.64) -0.37 (0.04) 0.08 12.90
Taper (cm/m) 33.61(0.87) 4.95 (0.61) 0.07 13.00

All parameters were significant at 1% confidence level

per logs in strength. The dimension of the sawn piece
explained only 1% of the variation (Table 4).

A combination of MOE and ring width explained
68% of the variation in strength, compared with 67%
added still with KAR. Combinations of density, KAR and
ring width explained 52—-57% of the variation (Table 5).

Table 4. Parameter estimates, coefficients of determination
(R?) and RMSE values of the models where single categorical
explanatory variables are used to predict bending strength

Strength, MPa Estimate (S.E) R? RMSE
Region

Intercept 33.94 (0.88) 0.19 12.10
South-eastern Finland 8.86 (1.26)

Western Finland 9.82(1.26)

Northern Finland 12.64 (1.25)

Novgorod (* p-value 0.083) -2.17 (1.25)

Vologda Reference group

Butt log vs. upper log

Intercept 46.04 (0.63) 0.15 12.90
Upper log -10.69 (0.86)

Butt log Reference group

Quality of log

Intercept 35.36 (0.52) 0.18 12.20
High quality butt log 16.85 (1.31)

Lower quality butt log 8.42(0.89)

Lower quality upper log Reference group

Dimension of sawn piece

Intercept 36.76 (1.13) 0.01 13.40
38*100 mm 4.25 (1.46)

50*100 mm 3.85(1.47)

50*150 mm (* p-value 0.067) 2.72 (1.49)

63*200 mm (* p-value 0.038) 3.13 (1.51)

44*200 mm Reference group

All parameters were significant at 1% confidence level, ex-
cept for those marked with *
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Table 5. Parameter estimates, coefficients of determination
(R?) and RMSE values of the models where MOE, density,
KAR and ring width of the sawn piece are used to predict
bending strength

Table 6. Parameter estimates, coefficients of determination
(R?) and RMSE values of the models where log properties,
sawn timber properties and all explanatory variables are used
to predict bending strength

KAR+ring

Strength, MPa p12+KAR width Ei2 +KAR
R 0.52 0.57 0.68
RMSE 9.33 8.95 7.92
Intercept 4.46 (3.56)* 66.98 (0.91) 3.876 (2.1)*
Ei2 (GPa) 0.004 (0.00)
P12 (kg/m?) 0.1(0.01)

KAR -44.54 (3.07) -44.92 (2.85)  -21.57(2.87)
Ring width (sawn piece, mm) -8.03 (0.46)

Strength, MPa pitring width  Eq;+ring width

R 0.55 0.68
RMSE 9.12 7.70
Intercept 12.59 (3.69) 11.72 (2.20)
Eq2 (N/mn?) 0.003 (0.00)
P12 (kg/m?) 0.09 (0.01)

KAR

Ring width (sawn piece, mm) -7.69 (0.48) -4.74 (0.43)

All parameters were significant at 1% confidence level, ex-
cept for those marked with * (p-value 0.210) and with **
(p-value 0.66)

If only log properties were used as explanatory
variables, 60% of the variation in strength was ex-
plained with ring width of the log, proportion of late-
wood, proportion of heartwood, diameter of the larg-
est dry knot and geographic region. When MOE, KAR,
ring width of sawn piece and the dimension of the
sawn piece were used as predictors, 76% of the vari-
ation was explained. The best model was reached when
MOE, KAR, ring width of the log, proportion of heart-
wood, diameter of the largest dry knot and diameter
of the sawn piece were used as explanatory variables,
resulting in the explanatory power of 77% (Table 6).

MOE

For the local MOE, the explanatory power of each
independent variable is presented in Table 16. Densi-
ty was the best single predictor explaining 58% of the
variation in MOE. KAR and diameter of the largest knot
or largest dry knot were also good predictors explain-
ing 45% and 38-40% of the variation, respectively.
Ring width of the sawn piece had a better explanato-
ry power than ring width of the log (39% and 23%).
Proportion of latewood explained 25-26% of the var-
iation, while number of year rings explained 26%. Log
taper explained 10% of the variation, but proportion
of heartwood only 1% (Table 7).

Geographic region explained 14% of the variation
in MOE, while quality of the log explained approxi-
mately 24%. Log type (butt logs versus upper logs)
explained 18% of the variation, while dimension of the
sawn piece explained only 4% (Table 8).

Log and sawn
timber
properties

Sawn timber
properties

Strength, MPa Log properties

Estimate (S.E.) Estimate (S.E.) Estimate (S.E.)

R? 0.60 0.76 0.77
RMSE 8.62 6.71 6.57
Intercept 65.14 (3.79) 12,184 28.68 (3.58)
E12 (GPa) 0.003 (0.00) 2.84 (0.14)
KAR -35.08 (2.83) 2888 (3.00)
Ring width (sawn piece, mm) -2.25(0.41)

Ring width (log, mm) -8.74 (0.76) -3.88 (0.64)
Latewood % (log) 0.38 (0.08)

Heartwood % -0.23 (0.04) -0.16 (0.03)
Largest dry knot (mm) -0.33 (0.03) -0.09 (0.02)
South-eastern Finland 3.70 (1.06)

Western Finland 5.62 (0.98)

Novgorod (*p-value 0.108) 1.50 (0.93)

Northern Finland (* p-value

0.931) -0.10 (1.16)

Vologda Reference group

Upper log -3.41(0.75)

Butt log Reference group

Dimension of sawn piece

38*100 mm 10.42 (0.86) 6.92 (1.01)
50100 mm 10.47 (0.81) 7.47(0.91)
50150 mm 6.02 (0.81) 4.56 (0.83)
63*200 mm 2.69(0.78) 2.28(0.77)
44*200 mm Reference group

All parameters were significant at 1% confidence level except
for those marked with *

When KAR, density and ring width of the sawn
piece were used as explanatory variables, 57-65% of
the variation in MOE was explained. Density combined
with KAR or ring width resulted in explaining 65% and
62% of the variation, respectively, but KAR and ring
width alone resulted in nearly as high an explanatory
power, 57% (Table 9).

If only log properties were used as predictors,
58% of the variation in MOE was explained using ring
width of the log, proportion of latewood, proportion
of heartwood and diameter of the largest dry knot as
continuous variables, and geographic region and di-
ameter class of the log as categorical variables. Sawn
timber properties, such as density, KAR, ring width
of the sawn piece and diameter of the sawn piece,
explained 68 % of the variation. The model with the
highest explanatory power (69%) was reached when
density, KAR, ring width of the log and diameter of
the largest dry knot were used as explanatory varia-
bles (Table 10).
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Table 7. Parameter estimates, coefficients of deter-
mination (R?) and RMSE values of the models where
continuous explanatory variables are used to pre-
dict local MOE

Estimate Estimate

5.6) S.6) R* RMSE
Intercept B

Local MOE, GPa (Sawn piece

properties)

logio p12 (kg/m?) -85.48 (2.72) 36.21(1.02) 0.58 1.60

KAR 14.12 (0.13) -13.32(0.49) 0.45 1.83

logio ring width (mm) ~ 14.04 (0.14)  -9.71 (0.41) 0.39 1.92

Latewood % 6.27 (0.28) 0.18(0.01) 0.26 2.11

Local MOE, GPa (Log properties)

Largest knot (mm) 13.71(0.12) -0.10(0.004) 0.40 1.90

Largest dry knot (mm) ~ 13.74 (0.13) -0.11 (0.005) 0.38 1.90
Number of year rings ~ 7.46 (0.22)  0.05(0.003) 0.26 2.10

Latewood % 562(0.33) 0.19(0.01) 025 210
Ring width (mm) 15.05 (0.26) -2.41(0.15) 023 2.16
Taper (cm/m) 9.80(0.15)  1.06(0.10) 0.10 2.30
Heartwood % 12.91(0.50)  -0.03(0.01) 0.01 2.40

All parameters were significant at 1% confidence
level

Table 8. Parameter estimates, coefficients of deter-
mination (R?) and RMSE values of the models where
single categorical explanatory variables are used to
predict local MOE

Local MOE, GPa Estimate (S.E) R® RMSE
Region

Intercept 10.05 (0.16) 0.14 2.28
South-eastern Finland 1.71 (0.24)

Western Finland 1.71 (0.24)

Northern Finland 2.05 (0.23)

Novgorod (*p-value 0.792) -0.06 (0.23)

Vologda Reference group

Butt log vs. upper log

Intercept 12.36 (0.11) 0.18 220
Upper log -2.11(0.15)

Butt log Reference group

Quality of log

Intercept 10.26 (0.09) 024 210
High quality butt log 3.64 (0.23)

Lower quality butt log 1.54 (0.16)

Lower quality upper log Reference group

Dimension of sawn

piece

Intercept 11.58 (0.20) 0.04 2.90
38*100 -0.71 (0.26)

50*100 -1.09 (0.26)

50*150 (*p-value 0.097) -0.44 (0.27)

63*200 (*p-value 0.516) 0.18 (0.27)

44*200 Reference group

All parameteres were significant at 1% confidence
level, except for those marked with *

Table 9. Parameter estimates, coefficients of
determination (R?) and RMSE values of the
models where density, KAR and ring width of
the sawn piece are used to predict local MOE

R? 0.65 057 0.62
RMSE 1.46 164 1.51
Intercept 1.74 (0.56) 15.85(0.17) 1.56 (0.61)*
p12 (kg/m?) 0.02 (0.001) 0.03 (0.001)
KAR -7.07 (0.48)  -1.23 (0.08)

Ring width (sawn piece, mm) -9.39 (0.52) -0.95 (0.08)

All parameters were significant at 1% confidence
level, except those marked with * (p-value 0.011)

Table 10. Parameter estimates, coefficients of determination
(R?) and RMSE values of the models where log properties,
sawn timber properties and all explanatory variables are used
to predict local MOE

Local MOE, GPa log Sawn Logand
properties properties  properties

R? 0.58 0.68 0.69

RMSE 1.59 1.38 1.38

Intercept 13.65(0.89) 3.70(0.69) 5.08 (0.63)

p12 (kg/m?) 0.02 (0.001) 0.02 (0.001)

KAR 642 (0.54) -5.38(0.51)

Ring width (sawn piece,

mm) -0.59 (0.09)

Ring width (log, mm) -1.62 (0.16) -0.68 (0.11)

Latewood % (log) 0.13 (0.01)

Heartwood % -0.03 (0.01)

Largest dry knot (mm) -0.06 (0.01) -0.03 (0.004)

South-eastern Finland 0.70 (0.20)

Western Finland 112 (0.19)

Northern Finland 0.70 (0.17)

Novgorod -0.74 (0.2)

Vologda Reference group

Diam. class min 160 mm -1.53 (0.21)

Diam. class min 175 mm -1.43 (0.20)

Diam. class min 210 mm -0.52 (0.19)

DTSSR S0 ™™ oras)

Diam. class min 310 mm Reference group

Dimension of sawn piece

38*100 mm 0.75 (0.18)

50*100 mm (*p-value 0.039) 0.35 (0.17)

50*150 mm 0.68 (0.17)

63*200 mm 0.55 (0.16)

44*200 mm Reference group

All parameters were significant at 1% confidence level, ex-
cept for those marked with *
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Discussion

Data considerations

The study focused on modelling strength and
MOE of sawn timber from the readily measurable prop-
erties of logs, sawn timber or both together, which
could eventually be utilized in practical sawmill envi-
ronment in sorting and grading of logs and sawn tim-
ber, and adding information on how well different prop-
erties and their combinations perform in predicting the
respective mechanical properties. Moreover, the aim
was to add information on the mechanical properties
of Nordic and Russian pine to support optimal sourc-
ing of logs for structural products of sawmills, in gen-
eral. The aims were taken into account in the sampling
of the log and sawn timber materials and in the con-
sistent execution of their physical measurements, me-
chanical tests and visual evaluations. All works to
collect and process the data was done by experienced
research staff of the Finnish Forest Research Institute.

The aim to determine the overall levels of and var-
iations in bending strength and MOE appeared in an
attempt to even sampling of top diameter classes of logs
and the corresponding sawn timber dimensions. This
could be realized as it was planned in the three small-
est diameter classes of logs, but the number of obser-
vations remained somewhat lower in the two largest
diameter classes. The even sampling of the logs in the
selected log diameter classes does not fully correspond
with the actual diameter distributions at sawmills, where
logs of smaller diameter are typically more frequent than
logs of large diameter. In practice, the proportion of the
largest log classes is rather small in saw milling in Fin-
land (e.g. Virtanen 2005), but essentially larger in Rus-
sia (Viitanen and Karvinen 2010, Hautamaéki et al. 2012).

The data used in this study was sufficiently large
to represent the differences between growing condi-
tions in Finland and north-western Russia and the
results of different silvicultural practices in each coun-
try to the timber from mature final-felling stands. The
sampling of the empirical materials was performed in
connection of commercial log procurement operations,
which limited the possibility for objective sampling and
regional represent ability for the characteristics of the
timber stands. However, the principle of random sam-
pling was followed by limiting the number of logs from
one load to maximize the spread of log sourcing and
by paying no other attention to log properties except
for the desired log diameters and minimum lengths.

Bending properties and geographic differences
Statistically significant differences in the mechan-
ical properties were confirmed between geographic
areas in this study on Scots pine, similarly to Norway

spruce but with larger differences (Hautamiki et al.
2013). The levels of strength and MOE were clearly
higher in the Finnish regions than in the Russian re-
gions, and the between-region differences within the
regions were less pronounced in each country.

In Finland, both strength and MOE were appar-
ently higher in northern Finland compared to the re-
gions of more fertile growing conditions, the differ-
ences being in line with the little higher density and
clearly smaller knottiness; however, the differences
were insignificant owing to the larger within-region
variations. The high density and especially the high
latewood percentage in northern Finland were rather
unexpected results (comp. with Hudson 1967, Hakkila
1968, Bjorklund and Walfridsson 1993, Grekin and
Verkasalo 2010); respectively, the small knottiness was
well in line with the prevailing perceptions (Bjorklund
and Moberg 1999, Verkasalo et al. 2007).

In Russia, the strength was apparently higher but
MOE was the same in Vologda region compared with
Novgorod region. In Vologda, despite the higher late-
wood percentage the density seemed little lower than
in Novgorod, but the knottiness was clearly smaller.
Knots appeared to affect strength more for pine than
for spruce, compared to the effects of density and ring
width (see Hautaméki et al. 2013). This can be attrib-
uted to the facts that the strength is affected more by
local weak spots (e.g. knots) than MOE, and that the
variation in the clear wood properties is larger for pine.
KAR values appeared parallel with the assumed dif-
ferences in growing conditions both in Finland and
Russia (see Hautamaéki et al. 2013). It should be noted
that the growth of conifers in the boreal zone typical-
ly correlates with air temperatures of the growing sea-
son (Drobushev 2004, Lopatin et al. 2007).

The lower levels of mechanical properties in Rus-
sia and their generally large variations were most obvi-
ously due to the different growing conditions, silvicul-
tural practices and uncontrolled composition of the
logging stands in the data, regarding such factors as
fertility and tree spacing. In the Russian data, thinnings
did not obviously belong to the forest management
practices. This could lead in the Russian logs to more
frequent internal knots in comparable climatic and soil
conditions than in the Finnish logs, the dry knots in
particular. In addition, there is evidence for Nordic Scots
pine that forest management aiming at tall, slender trees
with high set crowns provides timber with higher MOE
(Lindstrom et al. (2009)). The generally long rotation
ages in Russia (Karvinen et al. 2006, Lopatin et al. 2007,
Hautamiki et al. 2010) obviously lead to more frequent
internal defects, such as heart checks and wetwood,
compared to Finland where final felling is typically done
at a lower age. Log bucking was not probably optimized
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for length or quality in Russia, which might lead to more
inefficient utilization of tree quality than in Finland with
highly developed bucking control in mechanized cut-
ting (Karvinen et al. 2006). In Finland, the logs could
be traced back to individual stands, while in Russia the
procurement regions were larger, with the start point of
railway transportation being the only information avail-
able on the source of logs.

The levels of bending strength and MOE were
somewhat lower than in some previous studies for
Scots pine (e.g. Lindgren 1997, Hanhijirvi et al. 2005,
Ranta-Maunus 2009). This might be partly explained
by the data from Finland eventually comprising more
sawn timber from upper logs and younger thinning
stands than in the reference studies (see also Stod and
Verkasalo 2008). However, comparative studies made
according to the same measuring standards are scarcer
for pine than for spruce.

Lindgren (1997) found for Scots pine sawn tim-
ber from south-western Finland the average bending
strength and MOE of 51.4 MPa and 12.7 GPa, respec-
tively, the variations in the properties being larger for
pine than for spruce. Stod and Verkasalo (2008) found
a high bending strength and MOE for pine sawn tim-
ber from second thinnings in eastern Finland, 52.6 MPa
and 12.8 GPa, the values being higher than for the tim-
ber from final cuttings, 46.3 MPa and 11.7 GPa, and
also higher than in this study in south-eastern Fin-
land. Instead, sawn timber from first thinnings showed
a lower strength of 42.0 MPa, reaching however the
level of south-eastern Finland, and an especially low
MOE of 10.2 GPa, remaining at the level of Russian
regions. Vertical location of log in a tree affected vi-
tally the results, and the values of the timber from butt
logs, omitting the logs from first thinnings, clearly
exceeded those observed in this study. Also the tim-
ber from middle logs of second thinnings showed high-
er values than what we observed in any region of this
study.

Ranta-Maunus (2009) studied the levels of and
differences in bending properties of pine, among oth-
er softwood species, from several European countries
based on existed results to define the borders of
growth areas to be applied in machine strength grad-
ing. Consistent with this study, Russian timber pro-
vided weaker strength (33.5 MPa) than the other re-
gions, of which Finland showed the highest values
(almost 45 MPa) being slightly above France (44.4
MPa) and more clearly above Latvia (41.8 MPa) and
Germany (37.6 MPa). For MOE, Russian timber showed
again the lowest level (9.2 GPa) and France the high-
est level (12.5 GPa), followed closely by Latvia, Fin-
land and Germany (1.18-12.2 GPa). Of the affecting
factors, density varied largely between the regions from

438 kg/m?® in Russia to 557 kg/m?® in France, being as
high as 510 kg/m*in Germany, 493 kg/m® in Finland but
only 486 kg/m?in Latvia. KAR was as low as 0.19 in
Finland and 0.25 in Russia and France. The European
wide results were, again, more variable and more
growth region dependent for pine than for spruce. —
For ungraded populations, the coefficient of variance
was larger in Nordic countries for pine (32%) than
spruce (27%), whereas in Central Europe the between-
species difference was slightly smaller. The results
suggested that Nordic countries, Central Europe and
Russia belong to different groups according to bend-
ing strength, concerning both pine and spruce. More-
over, the criterion of having 90% of observations with-
in the confidence limits in a country cannot be met if
the country has different growth conditions of timber.
However, the criterion is easier to fulfil when repre-
sentative samples of countries are combined than when
sub-samples of different growth regions of the same
countries are jointly analysed.

The results of Stapel and Denzler (2010) on Scots
pine timber were very much parallel to those of Ran-
ta-Maunus (2009) timber, showing a considerably lower
bending strength in Poland than in Sweden with the
difference of over 5 MPa, but an opposite difference
of 1 GPa in MOE. The density was 521 kg/m* in Po-
land and 480 kg/m® in Sweden, whereas KAR was as
low as 0.21 in Sweden and 0.26 in Poland.

Models of strength and MOE

Individual predictors

In this study, MOE provided the highest R? in
predicting strength for pine, similarly to spruce (Hau-
tamaiki et al. 2013). Density was a better predictor for
pine than for spruce, and knot parameters, such as
KAR and diameters of the largest knots of the logs
performed better, as well. Strikingly for the strength
(but not for MOE), KAR, ring width of sawn piece and
log and diameter of the largest dry knot of the log
provided R? just as high as density. Similarly to spruce,
approximately 10% more of the variation in the strength
could be explained in the studies of Lindgren (1997)
and Hanhijarvi et al. (2005), excluding the models where
ring width was used as the predictor. Compared to the
results of Ranta-Maunus (2009), the values of R? were
approximately at the same or higher level.

Density was the best predictor of MOE for pine,
similarly to spruce, but, again, knot parameters over-
came ring width in the predictive ability. As in Han-
hijarvi et al. (2005), density was a better predictor for
MOE than for strength, since stiffness is generally more
related to overall properties of wood, such as densi-
ty. Comparative results of Hanhijirvi et al. (2005) and
Hanhijarvi and Ranta-Maunus (2008) showed higher
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R? when using density and ring width as predictors.
However, in this study, KAR turned out to be a better
predictor for MOE.

Geographic region alone was a significant but only
a moderate predictor for strength and MOE, and its
explanatory power was much larger for pine than for
spruce (R? of 0.19 vs. 0.03). The between-species dif-
ference was obviously due to the larger between-re-
gion variation both in density and knot properties. In
the prediction of MOE for pine, geographic region was
a weaker predictor than log quality.

The stronger effects of knots on the bending prop-
erties of pine than of spruce appeared also in the pre-
dictions based on log type or log quality. Log diame-
ter class or sawn timber dimension were generally poor
predictors the standard errors of the coefficients be-
ing large. The smaller dimensions provided higher
strength (but not MOE) than the reference dimension
of 44 x 200 mm, with two of the smallest dimensions
providing a higher level than the reference group.

The differences between pine and spruce in the
critical properties and their predictive ability appeared
rather clearly on the basis of this study. Generally, the
variation in both log, wood and timber properties of
pine was larger and their predictive ability was stronger.
This was especially obvious for knot parameters, with
larger R* for pine than for spruce when predicting
strength or MOE. Knot parameters are usually affect-
ed by forestry practices, showing up especially in the
quality of pine. In both Russian regions, KAR of pine
was higher than in Finland. Generally, the geographic
region turned out more important for pine than for
spruce, because of the relative homogeneity of the
properties of spruce timber.

Multiple regression models

Strength and MOE were predicted with multiple
variables to reach the highest R? and the lowest RMSE,
and to take all significant variables into the use. When
externally detectable properties of the log and sepa-
ration of butt logs and other logs were used as pre-
dictors for strength and MOE, R? of 0.60 and 0.58 was
reached, the values being approximately 0.20 higher
than for spruce (Hautaméki et al. 2013). Considering
geographic region along with the log properties im-
proved the predictions significantly, the improvement
being small however. Strength could perhaps be ex-
plained at a comparable accuracy by measuring the log
dimensions combined with the information of the ring
width and latewood proportion, and possibly by meas-
uring knot properties and heartwood proportion.

Similarly to spruce, the sawn timber properties
appeared better predictors for strength and MOE of
pine sawn timber than the log properties (R* = 0.76

and 0.69). For strength, MOE, KAR, ring width of the
sawn piece and dimension of the sawn piece were then
used as predictors. For both variables, an increase of
only one unit of percentage was reached by adding
log variables, the largest knot of the log and propor-
tion of heartwood to the model (strength only). Last-
ly, KAR affected clearly more on strength than MOE,
and MOE clearly outweighed density as a predictor
for strength, although density correlated strongly with
MOE.

The root mean square error (RMSE) is used to
describe the difference between the values predicted
by the model and the actually observed values. Gen-
erally, the higher R* the lower the RMSE is. In this
study, RMSE ranged from 6.57 to 13.4 MPa in the
strength models, and from 1.38 to 2.9 GPa in the MOE
models. RMSE was regularly slightly higher in the
models of pine than in the models of spruce (Hautamiki
et al. 2013).

Comparison with earlier studies

The results of this study mainly followed the
guidelines of some earlier results concerning the pre-
dictive ability of single parameters, such as MOE,
KAR, ring width and density and some combinations
of these parameters (e.g. Lindgren 1997, Hanhijarvi et
al. 2005, Hanhijirvi and Ranta-Maunus 2008, Ranta-
Maunus 2009). However, the values of R? were often
lower than in the before mentioned studies. This could
be due to the several sawn timber dimensions used in
this study in parallel simple and multiple regression
models, while only one dimension was used at one time
in earlier studies. However, according to Ranta-Mau-
nus (2009), adding cross-sectional dimensions in the
models of bending strength increased the R? only
marginally for pine sawn timber. Again, in this study,
dimension of the sawn piece was included in models
where all sawn timber properties were available.

In Table 11, the values of R? in the strength and
MOE models are compared between this study and
some earlier studies.

When different parameters are combined in the
prediction models, the R? rises, as it was shown by
Lindgren (1997), Hanhijarvi et al. (2005), Hanhijarvi and
Ranta-Maunus (2008) and Ranta-Maunus (2009). It is
difficult to substantially increase already high R? with
auxiliary measurements, but MOE or density combined
with knot parameters and ring width lead to this result.
Adding significant predictors, such as diameter class
of the log or proportion of latewood can increase the
R? little, but may not be necessary in practical working
environment. The reliable measurement of MOE com-
bined with ring width measurements and/or knot param-
eters seems to be the best combination for predicting
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Table 11. Coefficient of determination (R?)
in the models for bending strength and MOE
of Scots pine sawn timber in this study and
some earlier studies

Variables Strength MOE

1 2 3 4 1 3
KAR 41 54 54 41 45 35
Ring width 29 25 34 23 33
Density 41 53 58 29 56 65
KAR+Ring width 57 58 60 56
KAR+density 52 70 55 65
MOE 63 68 68 53
MOE+ring width 66
MOE+KAR 66 76 69

1 — This study, 2 — Lindgren (1997), 3 — Han-
hijarvi et al. (2005), 4 — Ranta-Maunus (2009)

strength, although using density and some auxiliary
measurements gives almost as good a prediction.

Lindgren (1997) calculated linear regression mod-
els for the strength of pine and spruce sawn timber
from Finland. In her study, pine models performed
better than spruce models, the values of R* were gen-
erally higher than in this study, except for the models
using ring width as a predictor. Only one sawn timber
dimension of 45 x 150 mm was used as the basis of
models, while in this study, though, the five dimen-
sions were mixed in global models. For pine, MOE
explained 68% of the variation in strength, and com-
bined with KAR or density, 76% and 71%, respective-
ly. KAR alone explained 54%, and combined with den-
sity 70%, while density alone explained 53%. Ring
width explained approximately 25% of the variation,
and combined with KAR 58%.

Hanhijérvi et al. (2005) and Hanhijérvi and Ranta-
Maunus (2008) studied the possibilities of different non-
destructive measurements in predicting bending
strength of spruce and pine sawn timber. In Hanhijérvi
et al. (2005), the models explaining strength with MOE,
KAR, density and ring width provided R*? values high-
er with 0.10 units than in this study, excluding the mod-
els using ring width in the models of pine which showed
rather similar results to this study. The same results were
apparent with the models for MOE. R? of 0.69 was reach-
ed for pine when strength was predicted using X-ray
measurements and combined measurements of density,
knot and ring width parameters (comp. with 0.45 for
spruce). The results for MOE were similar to this study,
while 55-60% of the variation in MOE was explained.
The authors concluded that adding other variables
could further improve the sorting of logs.

Hanhijiarvi and Ranta-Maunus (2008) evaluated
several methods for their ability to predict strength and
MOE including X-ray scanning, frequency measure-

ments, ultrasonic transit time methods, visual and
manual characteristic determining methods and ma-
chine timber grading. High R? approximately 0.60 for
pine, was reached when knot properties of logs were
measured with X-ray methods. R? was also here gen-
erally higher for pine than for spruce. The strength was
predicted weaker than the global MOE. Different dy-
namic MOE measurements on sawn pieces combined
with density explained the strength and global MOE
the best with the highest values of R* up to 0.60-0.90.
Knots were a better predictor for the strength of pine
(0.57-0.69) than for spruce (0.18-0.36). Generally, 40—
60% of the variation in strength could be explained
with different methods.

Ranta-Maunus (2009) presented models for the
bending strength of pine and spruce using a large
European sample including MOE, dynamic MOE, di-
mensions of the sawn piece, density, KAR and the ratio
of MOE to density as explanatory variables. Compared
to this study, density and MOE performed there strik-
ingly worse as single predictors of strength, which
was probably due to the larger geographic cover of
the material. Instead, KAR performed as well in both
studies. Hence, combining KAR with density or MOE
resulted in even slightly better prediction of strength
than in this study.

Stod and Verkasalo (2008) presented linear mixed
models for bending strength of Scots pine from first
and second thinnings and final cuttings with R? of 0.80
or 0.72, with MOE included among or excluded from
the predictors. In the first model, increase in MOE and
density increased and increase in knot sum (corre-
sponds to KAR) and growth ring width decreased sig-
nificantly the strength. In the second model, density,
knot sum and growth ring width affected similarly and
increase in vertical log position in a tree decreased the
strength. MOE could be explained by 65 % using den-
sity, knot sum, ring width as well as stand type and
board dimension as predictors. Sawn timber from sec-
ond thinnings represented the highest MOE and tim-
ber from first thinnings the lowest MOE, and an in-
crease in the board dimensions increased MOE.

Baltrusaitis and Aleinikovas (2012) studied the
relationships of modulus of elasticity and bending
strength of Lithuanian Scots pine sawn timber with log
characteristics and dynamic modulus of elasticity
(based on log natural frequency, density and moisture
content). Density of fresh cut logs was not a signifi-
cant predictor and log diameter or cambial age could
not be related with structural strength, thus provid-
ing worse prediction potential than what we observed
in this study. However, dynamic MOE of wet and dried
boards correlated significantly, below physically fea-
sible limit of 20 GPa.
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Conclusions

Scots pine is much less studied on the mechani-
cal properties of sawn timber in structural uses than
many other softwood species, such as Norway spruce.
This study brought up new information on the level
of, variation in and prediction of bending strength and
stiffness for pine timber. These results can be applied
in the planning of log procurement and sawn timber
purchase from the regions concerned in this study
when knowledge on the bending properties is of in-
terest. Moreover, the results provide basic information
on the prediction of bending properties and their ge-
ographic differences, based on log properties, sawn
timber properties, or both. Studies concerning the
prediction of strength and MOE of sawn pieces and
using there a multivariable principle are more scarce-
ly available than the studies on clear wood specimens;
hence, the study provides a notable methodological
contribution in this respect.

There is a need to diversify the value-added end-
uses of Scots pine from the traditional carpenter, join-
ery and furniture product markets where visual appear-
ance and functionalities of wood are appreciated to
the growing building product markets where high-level
mechanical properties, stability and moisture, mould
etc. resistance are required. The trend that the pine
log sources will be more and more in planted or di-
rectly sown forests and thinning forests and the rota-
tion periods are coming shorter in forest management
further calls for the development. In the future, when
more cultivated grown timber reaches saw log size, the
quality of available timber may change, even consid-
erably from the current level in the naturally regener-
ated forests. Planted trees grow faster due to the less
competition in the juvenile stage and the genetically
improved tree material, which definitely have effects
on wood density, knottiness, juvenile wood character-
istics etc. In thinning operations the trees in the log-
ging recovery are generally younger with their spe-
cific wood properties and should represent the small-
er and lower quality trees in a stand if thinning regimes
toward higher growth and better quality in the remain-
ing stock are followed.

The results revealed larger regional differences in
the timber properties between the sub-regions in Fin-
land and north-western Russia, between the countries,
and between Scots pine and Norway spruce as well,
compared with the earlier research results and the
perceptions from the practical industrial operations in
the respective countries. Generally, the variation in
strength and MOE is clearly larger for pine than for
spruce, and the variation in MOE is smaller than in
strength.

Boreal grown Scots pine timber, especially its
northern origins, seem to have a good potential for
structural uses regarding the strength, especially the
potential yields of high strength grades. Due to the
larger variation in the mechanical properties, and the
rather good predictability of strength, the upper end
of the strength distribution could be used to answer
to the need of high strength sawn timber products.
Different glue-laminated products (beams and col-
umns) and jointed timber products (trusses, joists etc.)
could utilize the mid-strength and low-strength pine
timber to provide products with adequately high and
homogenous strength properties, lower anisotropy and
even controllable appearance for different purposes
in construction and interior carpentry.

Better utilization of regional differences in timber
quality of Scots pine could make it possible to use its
different origins together with selected Norway spruce
grades, for example, depending on the end-product.
Density and proportion of sapwood of pine generally
decrease from the south to the north and from uplands
to lowlands, but wood characteristics such as propor-
tion of heartwood, ring width and its homogeneity,
knottiness in different forms and proportion of com-
pression wood and juvenile wood rather add to the
potential of northerly grown pine versus southerly
grown pine.

The results clearly indicated that there is devel-
opment potential in using log properties to predict
strength (or MOE) for Scots pine timber, and the geo-
graphic region should then be taken into account in
log sourcing. The approach is applicable for grading
and/or pre-sorting of logs in connection of the cut-
ting operations in the forest or in the roundwood ter-
minals or log yards. In addition, saw mills which do
not want to invest much to the automation of log grad-
ing or allocation of logs to structural or other uses
may apply the principle. Early allocation of different
log types and qualities, including the identification of
knots and ring width and maybe density obviously
lead to more efficient utilization of the raw material.

The results confirmed that efficient combinations
of few key variables of sawn timber properties lead to
the best estimate for strength and MOE of pine tim-
ber. It is commonly known that accurate measurement
or prediction of MOE is the key solution. According
to this study, measuring KAR and ring width and iden-
tifying the dimensions of sawn piece together add to
the predictive power. If these sawn timber properties
can be measured in the saw mill, the log properties add
only marginally the efficiency of final sorting and grad-
ing of structural timber. The need to consider geograph-
ic origin of logs seems then questionable, however,
the result being valid only for Finland and north-west-
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ern Russia. Pan-European studies with a large geo-
graphic cover instead indicated that sources of logs
should be considered in the set-up of machine strength
grading methods.

Potentially cost effective measuring techniques
that provide reliable prediction of the strength proper-
ties need to be further developed. Since wood is a nat-
ural material, it exhibits certain variations in the prop-
erties affecting mechanical properties and visual qual-
ity compared to substituting materials. There is a fur-
ther need for precise information and more accurate
standardization of wood materials when competing with
for example concrete, steel, plastics and polymeric com-
posites, in construction and joinery industries.
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®AKTOPBI 1 MOJEJIM CBOMCTB NP UCKPUBJEHHWHU MMUJIOMATEPHUAJIOB EJIN U3
OUHJISAHAUU U CEBEPO-3AITAIA POCCHUHU. YACTD II: COCHA OBbBIKHOBEHHAS

C. Xayramsaku, X. Kunanensiiinen u 9. Bepkacaio

Pestome

Lenp uccnenoBaHus — yIydIIeHHE 3HAHUH O Pa3IMUUsIX B MEXAaHWIECKUX CBOICTBAX NMHJIOMATEPHANOB M3 COCHBI B
BbIOOpOUHBIX pernoHax duunsHaun u Cesepo-3amana Poccun, a Taxke - H3ydeHHE IMPOTHO3UPOBAHUS TaKUX Ba)KHBIX
XapaKTepUCTUK, IPU UCIIOJIb30BaHUU MIJIOMATepHaIOB B CTPOUTEILCTBE, KaK MPOYHOCTH MPH MCKPHUBICHHH U MOIYIb
yHOpyrocTu. 3ajada cocTosia B HMOJJEPKKE Pa3BUTHUS NMPOM3BOJCTBA MPOAYKIUHU C J100aBICHHOW CTOMMOCTHIO Ha
JIECOTMIIBHBIX 3aBOJaX ITyTeM YIIYUIISHHUs] COPTUPOBKH M OLEHKU OpeBeH U mmuiomarepraiaoB. COpTHpoBKa OCHOBEIBAIACH Ha
MPOU3BOAMMBIX 3aMepax OpeBEeH MM MIJIOMATepHAaOB, MM BO BHUMAaHME MPHHUMAINCH 00a ToKa3aTens. JlaHHbBIH aHamu3
SBJIAETCS MPOJIOKEHHEM aHATOTUYHOTO HCCIIEI0BAaHMUS, IPOBEICHHOTO HAa OCHOBE MaTePHAJIOB U3 .

BpeBHa coCHBI U 00pa3ibl cpeaHeit yactu apeBecuHbl (N=934) Oblii COOpaHBI B TIATH JICCO3arOTOBUTENILHBIX PETHOHAX:
Tpu B GunisHauy n na B Poccuu. Beuti onpeneneHbl ypoBHU U CTATHCTHYECKH 3HAYMMBIE PA3INYUs B MOIYJISX MIPOIOIBHOM
ynpyroctu (E,,) u npousoctu uckpusnenus (f ) nuinomarepuanos, a TakkKe psii QU3HYCCKUX XaPAKTEPUCTUK
nuIoMaTepuanoB u Opesen. Jlna npornosuposanus E , m f . ObUIM paccyMTaHbl MOJEIH MHOMKECTBEHHON JHHEHHOM
perpeccuu ¢ UCIOIb30BaHUEM CBOHCTB MUJIOMATEPHAIOB U 6peBéH B KaueCTBE NPEAUKTOPOB U IPOBEJECH aHATH3 BO3ZMOKHOTO

COXpaHCHUA PETHOHAIIBHBIX pa3J'IPI'-{I/Iﬁ .

Kax npasuno, yposuu f, |, B ©uHisiHMy ObLIM HAMHOTO BbILLE, YeM B Poccu, sBISSCH CaMbIMK BBICOKMMU B CeBEpHOH
OUHIAHIUY U caMbIMM HU3KMMU B HOBropojckoM peruoHe, XOTs U IPU 3HAUUTEIBHOM BapbUPOBAaHHU B 3TOM PETHOHE.
Bapeuposanue nokasarens E , Mex iy pernonaMu He ObUIO TAKMM OYEBHMIHBIM, OIHAKO OOJIEE IIOAOPONHBIE YCIOBHS - TIPH
Gonee nuskoM mokasarene E,, . IIIOTHOCTE BBICYHIEHHOW Ha OTKPBITOM BO3yX€e JIPEBECHHBI, JOJA IUIOMAIH TIONEPEIHOTO

CeueHMs, 3aHATYyI0 cydkoM miH cyukamu (KAR) u mmpuna rogudssix koster] (RW) Opiim myqmmmu npenukropamu E

aE,

122

1, KAR u RW qnsa f . Ecoii paccMarpuBaTh CBOHCTBA TONBKO PEBECUHEI, CBOWCTBA TOJBKO MUIOMATEPUAIIOB HITH CBOKHCTBA

IIPEBECUHBI U ITUJIIOMATEPHaIoB BMecTe, TO 60%, 76% umu 77% oT u3MeHeHni nokas3areis f
bl 9 m.

|, MOXET OBITh 00BsicHeHO. Ha

obuieM ypoBHE IO CPAaBHEHHUIO C aHAJIIOTHYHBIM HCCIIENOBAHHEM HA OCHOBE €li, Ooyee BBICOKHE KO3 PHUIHUEHTH ObLIH
JOCTUTHYTHI. [Ipy cpaBHEHMM IIOKa3aTelnel, MOMYYCHHBIX B pe3ylbTaTe MPEABIIYIINX UCCICIOBAHUI COCHBI, KACAIOIMXCS
YPOBHS CIIOCOOHOCTH MCKPUBJICHUS, IIOKA3aTeIH - Oornee HU3KUE, a 3HAYCHHUE IIEPEMEHHON reorpaduyeckoro BapbupOBaHUs
SBJIETCS O0JIee OUEBHAHBIM, CHCTEMAaTHUECKUM W 3HAUUTEIILHEIM.

KonioueBble c10Ba: cuila NCKPUBICHHS, MOJEIb, MOAYIIb YIPYTOCTH, MHOKECTBEHHAs JTHHEHHAs perpeccusi, COCHa

06bIKHOBeHHa$[, niIoMaTepuaibl
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