BALTIC FORESTRY

UTHE INFLUENCE OF SAWLOG TOP END DIAMETER /.../ ON VOLUME YIELD NN ~. BALTRUSAITIS ET AL JW

The Influence of Sawlog Top End Diameter, Length and

Taper on Volume Yield

A. BALTRUSAITIS, V. PRANCKEVICIENE
Kaunas University of Technology,
Department of Mechanical Wood Technology
Studenty 56, LT-3031, Kaunas, Lithuania

BaltruSaitis A., Pranckevi¢iené¢ V. 2001. The Influence of Sawlog Top End Diameter, Length and Taper on

Volume Yield. Baltic Forestry, 7(1): 67-71.

In Lithuanian sawmills the volume yicld of sawn timber is still calculated and planned on the basis of the standards
worked out according to generalized mean form and dimension indices of sawlogs. This paper presents the initial data on
the impact of diamcter, length and taper of sawlogs on the volume yicld and practical possibilitics to usc obtaincd data
for morc accurate assessment of these indices in production process.

Distribution of sawlogs according to the diameter classes for coniferous and broadlcavcd specics in Lithuanian sawmills
have been specificd. This cnables more cffective log sorting before log intake and sawing. A mathematical model of
sawn timber volume yicld disclosed significant lincar diminishing influence of log taper, cousiderably less reduction give
log length. Increasing of top end diameter influences volume yicld positively, however, more intensively with the growth
of log tapcr. All thesc influcnees have been cxactly cvaluated numerically.
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Introduction

Traditional technological and economical sawn
timber production efficiency indices — productivity,
production quality, complex utilization of raw materi-
al, energy consumption and other remain actual at all
production stages (Pranckevi¢iené, Baltrugaitis, 1998).
Still, some of them are affected by rapid implementa-
tion of new technologies and equipment. Along with
already common conceptions of volume, specification
and qualitative sawn timber yield has started existing
a conception of value yield which is very sensitive to
market demands and changes. Profitability of today’s
sawmilling becomes problematic without automated
production management systems and modern compu-
ter programs (Cassens et al., 1993, Garin et al., 1998,
Eldeshtein et al., 1999). Work based on experience and
intuition only mecans a loss in the competition with new
production planning and optimization methods.

Modern sawn timber production conception cov-
ers the following chain: forest — processing - end user.
In Lithuania prevailing production and transportation
of sawlogs is in assortments, thus, a decision on op-
timal dimensions of logs and their quality should be
precisely and efficiently taken at the logging stage.
As it is known, pine and spruce have different typical
zones of distribution of branches. Quality grading
systems of sawlogs of pine and spruce in different
countries are also different; nevertheless, most of them
are directly related to the position of the single log in
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the tree stem (Nordic Timber. Grading rulcs, 1995).
Paying no attention to trce stem quality zones, results
in production of sawlogs with the different quality
features. For example, log with the overgrown knots
includes a certain length zone of loose or unsound
knots or a log with loose knots possess some part with
sound knots from the top part of the log. [t is very
important to eliminate this, for it influences further
production of sawn timber. Such a drastic quality in-
adequacy of different assortment zones reduces both
the value of logs and the value of sawn timber pro-
duced from them. Therefore, to improve the quality of
sawn timber assortments, sometimes they have to be
shortened on the account of volume output taking into
consideration contract requirements. In Lithuania still
small profit is gained by obtained in this way residual
picces of wood, sawdust, bark or chips. There being
no cellulose industry, they are best utilized for fuel and
partially in board production. Thus, the need of opti-
mal crosscutting of stems is obvious, seeking to pro-
duce suitable sawlogs, avoid greater labour consump-
tion and volume output reduction, improve the quali-
ty of sawn timber assortments when sorting them out.
At present it is difficult to say, what the average
lengths of various sawlogs should be in Lithuania
which are obtained by optimal crosscutting. Before it
will be figured out by specific experimental studies it
is interesting to explore theoretically the influence of
sawlog length on the volume yield of sawn timber.
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The effect of log length on the volume yield is
not precisely defined at present. It was only stated,
that yield increases with decreasing log lengths. Most
standards were set for 6,0 - 6,5 m long logs. Stems were
cut into such lengths independently of the quality of
sawlogs and sawn timber. This is essentially wrong
and unacceptable practice. By producing shorter as-
sortments a twofold benefit is gained: logs of better
quality are produced, taking into account distribution
zones of sound and unsound knots, log sweep and
other defects, while at the same time greater sawn tim-
ber yield is obtained. Thus it is very important to
analysc and try to optimize volume yield of sawlogs
of dilferent lengths.

There is no reliable data either on complex inter-
relationship of different combinations among log top
end diameter — length — taper as volume yield func-
tion.

Optimal crosscutting of tree stems influences also
the distribution of the sawlogs into the top end diam-
eter classes. Different sawmills apply various ranges
of the log sorting according to the top end diameter,
but I — 2 centimeter increment from one diameter class
to another prevails. Effective log sorting ensures high
volume yield of sawn timber. In Lithuania no verified
data exist about the distribution of sawlogs into dif-
ferent top end diameter classes, which thus eliminates
the possibility of the accurate prognosis of the sawn
timber production at a separate sawmill or throughout
the country. Having such data these prognoses could
be easily defined and calculated. Length and diame-
ter of the sawlogs together with the taper make the
main impact on the volume yield of sawn timber. Such
data are necessary to specify various standard indi-
ces applied in sawmills, for in Lithuania it is common,
that taper for spruce and pine logs on average is
1 cm/m. However, in practice this index changes from
0,7 cm/m, when log top end diameter is 12 ¢m up to
1,6 cm, when its diameter is 40 cm, and even up to
1,8 cm/m, when the diameter is 60 ¢m and more. The
taper itself may also differ within the same tree stem.
Generalized (average) tapers in practice are held con-
stant for a certain diameter class, for instance, 12-13
cm diameters are considered to have 0,75 cm/m taper,
19-22 cm diameters — 0,9 cm/m, 23 - 26 cm diameters —
I em/m, 31-34 cm diameters — 1,15 cm/m and so on
(Aksenov et al., 1976). This assumption is false, caus-
ing errors, because logs of different diameters may
have the same taper. As mentioned above, still great-
er confusion and error are caused by accepted in our
geographical latitude (earlier for the whole European
USSR part) relative 1 cm/m taper. It is worth thinking
over a possibility to use available timber volume ta-
bles (Medienos turio lentelés, 1999) and other accu-

mulated forest inventory data attempting to model and
optimize them mathematically for finding out optimal
parameters of sawlogs.

Therefore, one of the aims of this paper is also
to have a look at what impact the taper may really have
on calculating volume yield.

Materials and methods

The calculations of the influence of log top end
diameter, length and taper were done according to the
theory that was developed by many scientists {Akse-
nov et al., 1976, Graschov, 1981, Kaliteevskij, 1996). Ch.
Feldman (Feldman, 1932) for the first time has defined
maximum volume yield of edged assortments sawing
by cant method. Afterwards he adjusted it for the log
through sawing. The theory is based on the fact that
mathematically is given such a sawing pattern, when
the thickness and width of boards, i.e. total crosscut
area, falling within top end circle, is greatest. Maxi-
mum possible volume yield is convenient for analys-
ing various factors, such as log diamcter, length, ta-
per, sweep, width of sawing kerf, allowable wane and
many others, affecting the volume yield of sawn wood.
Such a sawing pattern is presented in Figure 1 and
written as follows:

0,1D-0,135D-0,43D-0,135D-0,1D )
where D — log top end diameter.
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Figure 1. Log cutting scheme according to the theory of
maximum possible volume yicld

Calculations for accepted log top end diameters
Dmp=l4, 16, 18, 22, 24, 26, 28, 30 and 32 cm werce based
on corresponding thickness and widths of boards,
which is derived by formula.

When the log taper is equal zero, i.e. it is of a

cylinder or close to it form, theoretical volume yield,
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paying no attention to shrinkage and sawing kerf, is
calculated according to formula:

y o LEF )

where $F —the sum of board cross-sectional arcas
falling into top end circle, m?;, L — length of the log
and boards, m; ¥, - log volume, m* (V,=#R’L); R — ra-
dius of log top end circle, cm.

SF is calculated:

SF =(0,2R % 0,86R)x 4 + (R\2)* = 2,69R* (3)
Then
2,69R?
i, = _gaon
i

When sawing kerf width is equal zero, volumetric
shrinkage of produced assortments is 8%, and then
volume yield approximately constitutes 78%. After
calculating volume yicld according to CAS 3.75A pro-
gram, volume yield comprised 78,8%. This index was
accepted as basic for further calculations estimating
the impact of log diameter, taper and length on vol-
ume yield.

A more precise and imitational (“computer”) saw-
ing of logs abroad has specially designed and widely
applied programmed equipment (Labeda, 1993). The
Department of Mechanical Wood Technology of Kau-
nas University of Technology has implemented one of
the most modern systems — CAS 3.75A and CAS 3.753,
designed in Sweden (CAS — Computer Aided Sawing).
These programs help optimize volume and value yicld
of sawn timber, taking into account the form and di-
mensions of logs, sawing schemes and patterns, al-
fowable wane, sawing kerf, prices of raw material and
produced assortments, etc,

CAS 3.75A program was applied to calculate vol-
ume yield according to the theory of maximum sawing
patterns. Log top end diameters applied were Dtop=14,
16, 18, 20, 22, 24, 26, 28, 30 and 32 cm, their lengths
(L) 3,5; 4,0 4,5; 5,0; 5,5; 6,0 and 6,5 m and tapcrs (7)
0, 0,2; 0,4; 0,0; 0,8; 1,0; 1,2 and 1,4 cm/m. As to the
diameter, length and average taper affect the volume
yield complexly, registering several of these parame-
ters and changing the third have to be studied.

Results

Insufficiently is studied sawlogs percentage dis-
tribution according to top diameter classes, falling
within them by the amount of logs and volume. The
data are necessary when calculating optimal sawmill
capacities, choosing equipment, drying kilns, etc. Some

of the mentioned indices are known from foreign coun-
trics. However, their direct implementation is unaccept-
able due to differences in growth conditions, felling
age, logging technologies and so on. We conducted
studies in several sawmills and enterprises and ob-
tained log distribution by diameters, calculating the
volume and quantity of coniferous logs. It is given in
Figure 2.

I
by volume: y' = 0,31878-0,00266x"+0,00011x° [
| by quantily: y =6,56-755 51/x+26553,37/x*-229435,49/x*
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Figure 2. Distribution by top end diameters, calculating the
volume and quantity of logs

Sawlogs with the top end diameter up to 20 cm
make up 66,7 % by quantity and 46,2 % by volume
from the total amount of tested sawlogs (number of
sawlogs in the sample exceeded 87 thou. pieces).

The data processed by program CAS 3.75 are
graphically depicted in Figures 3 and 4.
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Figure 3. The impact of log taper on sawn timber yield

Figure 3 presents the effect of log taper on sawn
timber yield by fixing log top end diameter (L=3,5; 4,0;
4,5;5,0; 5,5; 6,0 and 6,5 m). For the sake of figurative-
ness, dependence curves of the same diameter (32 cm
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and 14 cm) are presented in one scheme. Vertical line
represents 1,0 cm/m taper applied in Lithuania, Initial
point of all curves is 78,8%. It can be seen that vol-
ume yicld decreases with increasing taper; besides, it
is decreasing more intensively with less log top end
diameter, E.g., under log length 3,5 m, taper 1,0 cm/m
and top end diameter D=32 cm, the yield of sawn tim-
ber comprises 70,8%, while under D=14 cm the yield
makes up 62,0%. Under log length 6,5 m, taper 1,0 cm/
m and D=32 cm, the yield is 64,8% while under D=14
cm, the yield constitutes 51,3%. It is obvious, that with
increasing length and taper the yield diminishes, how-
ever, it increases with greater top end diameter.

Log length impact on sawn timber yield is also
almost linear; however, with greater diameter the
curves come closer.

Figure 4 represents the effect of log top end di-
ameter on sawn timber yield by fixing taper (schemes
show tapers 0,2 and 1,0 cm/m).

Log taper 0,2 ir 1,0 cm/m
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Figure 4. The impact of log top end diameter on sawn tim-
ber yicld

Here the curves are non linear. With log top end
increment the volume yield increases. The longer the
log, the more scattered volume yield curves are. E.g.,
under 1,0 cm/m taper, D=14 cm, log length 3,5 m, the
volume yield will comprise 62,0%, under D=32 c¢m, the
volume yield will be 70,8%.

With increasing log length the volume yield de-
creases, however, less, when the top end diameter is
less.

While analysing the impact of top end diamecter
it is obvious, that the intensity of changes in volume
yield increases with greater log length and taper.

Mathematical model of the dependence of 3 fac-
tors (log taper T, top end diameter D and length L):

/- ON VOLUME YiELD I A CALTRUSAITISET AL NN

Y=78,96+0,51D-2,22L-18,41T-0,02D*+
2,36T°+0,06L°+0,06DL+0,53DT-2,35LT ®))

where T — log taper, cm/m (0... 1,4 cm/m); D — log top
end diameter, cm (/4...32 cm); L — log length, m
(3,5...6,5 m).

Correlation coefficient of regression curve is
0,9984, the coefficient of determination 0,9968. It can
be seen that the equation adequately describes the
impact of top end diameter and taper on maximal vol-
ume yicld of sawn timber.

After simplifying the formulae and rccalculating
regression coefficients, it may be written for practical
use as a linear model:

Y=77,79+0,42D-1,88L-14,63T 6)

Correlation coefficient of regression curve is
0,96064, the coefficient of determination 0,9339.

Instead of taper, formulae, used to calculate the
taper of a group of diameters of individual logs, may
be applied (Graschov, 1981):

19+ D
50-L

(7

It is obvious, that taper has the greatest influence
on sawn timber yield, then top end diameter and
length has the least influence.

Conclusions

Mathematical model for calculation and optimiza-
tion of volume yield of sawn timber could be used for
easy practical planning of target-oriented volumes of
the production in each sawmill. Groups with the cer-
tain log top end diameters being processed could be
assessed as a targeted volume yields separately thus
helping sawmill manager control and follow up the
production. Models could be used cffectively on a
larger scale for the calculations of the maximum achiev-
able production of sawn timber even throughout the
country. Having figures of the volumes of sawlogs
produced for example per year and their distribution
according to the diameter classes (see Figure 2) it is
possible to make prognoses of the volumes of the
sawn timber to be produced.

Further studies are now conducted on the impact
of log sweep, accuracy of focusing into the center of
saw set, width of kerf, allowable wane and other pa-
rameters on sawn timber yield. As sawn assortments
according to the theory of optimal sawing pattern
cannot satisfy the needs of users, assortments of cer-
tain dimensions are allowed by the theory of optimal
patterns to have some deviations to one or another
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side. Such sawing patterns are called relatively opti-
mal, Thus, optimal sawing patterns will be ascertained
with respect to concrete dimensions, sawing kerfs, etc.

At present sawn timber yield standards are too
generalized and it makes impossible to access more
accurately the parameters of logs: sweep, sawing kerf,
positioning errors, etc. In Lithuania log scanning
means, adequately showing log form and its position
towards saw set in computer monitor, are already ap-
plied in some places and in the nearest future will be
used more widely. In this case log position and its
changes can be easily regulated, therefore, the stud-
ies and results become especially important for our fur-
ther investigations.
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BIUasHUE BEPIIHUHHOI'O THUAMETPA, JJIHUHLI U CBET'A BPEBEH HA
OBBEMHBIN BBLIXOJ NMUJIOMATEPHAJIOB

A. bantpymaiituc, B. Ilpanuksasuyene

Pe3zrone

B JTHTOBCKOM JICCOUMNCIIIM BLIXOM JICCOMUILION 1IPOAYKLUI IO CHX TIOp Tuiaiipyeres i pacuurusiacTes na Gase
CTAIIAPTHLIX CPCIUNIX XapakTepHcTHK Gpesetl. B crarhe npeacTaniciipl pe3yNbTaThi HCCICIOBAHIIA KOMIUICKCIIONO BAHAUNS
BEPIUHIHOIO JHTaMCTPa, JUTHELI 11 cGera GpeBern 1 BTy MAKCHMANILIIO BOMOXKIION0 OGLCMIIOUO BLIXOMA ITHITOMATCPHUIOR,
Monysennnic MaTCMATHYECKHC MOICHH [TO3BORSIOT 1IPOTTIO3NPOBATL H KOUTPONIPOBATL NPOH3BOACTREHILIT 1polcce Ha
YPOBHE KAXKUOIO OTUILIIONO JCCOHIUILIOIO NPCIHPIATHS, a TAKXC HCHONL30BAThL HX JUIS CTPATCIHYCCKOTO INAHHpPORanis
001LCMOD HHIIOITPORYKLII Ha YPOBIC periona Wi crpaitbl. Takxke ObO HCCHCIOBANIO paccpeiclIcHie HOCTYHAIONIX 11
JICCOMUIBIILIC NPEAnpHsTHs JIHTBLL BCPIUHIIILIX J1aMCTPOB OPCRCH Ha OTUCIBHBIC PA3MCPHDIC Kiacehl. Dra mihopMauns
11oe3Na JUisk ONTHMAILIOI cOPTHPOBKI Opeselt i npeanpisaTigx. MaTteMariucckas MOJCHD, CBI3LIBAIOLINA MAKCHMUIBIO
BOIMOXHBIT OGBCMIIBIT BBIXON HIUIOMATCPIEUIOR ¢ BEPILIHITHLIM LHAMCTPOM, W0l 1 cGerom GPCBIiA NO3BOINNIA ONPCACIHTD
WHCACHHYI0 3HaYNMOCTDL minsimsg panipix haktopon. Hanbonbwcee cimpkeniie oOheMIION0 BLIXONA 10 SIICIIOMY 3aKONy
npnroAnT ypeauuctie cGera Operell, TOMIA KaK BIHATHIC JUIHHLI MCHCC 3HAMIMO. YBCHHUCHHE JHAMCTPA HOBLILIACT
MAKCIMANBHO BOIMOXHLIT BLIXOL INUIOMATCPHLIOR, Hpides Goec HMHUTCHCHBULIT NPHPOCT Bhixoxa Haimofactes TipH

Gonvlem cOere Gpesira,

Kirouesble ciioBa: mmmioMatepHaiinl, 0OLeMIIbIT BLIXOM, TIPOTHIL, JUTHIIA, BEPLININILIT Jitamerp, cOer Opesiia
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