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ABSTRACT

The study was carried out in the San Justo sawmill belonging to the Guantanamo
Agroforestry Enterprise from September 2018 to April 2019, with the objective of
evaluating the yield and dimensional quality of the Samanea saman Jacq. sawn
timber. The quality of the raw material was analyzed, and the yield and dimensional
quality of the sawn timber was determined. A yield of 52.8 % was obtained, where
the quality of the raw material, the diameters, length and conicity of the logs
influenced. The logs are processed and assortments of 25 and 50 mm above the pre-
established dimensions are obtained, although not enough to compensate for the
volume losses due to the contraction and sawing variation that occur between and
within the pieces, so the technical conditions of the machinery and the skill of the
technical personnel must be taken into account.
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RESUMEN

La investigacién se realizd en el aserrio San Justo perteneciente a la Empresa
Agroforestal Guantanamo de septiembre de 2018 a abril de 2019, con el objetivo de
evaluar el rendimiento y calidad dimensional de la madera aserrada de Samanea
saman Jacq. Se analiz6 la calidad de la materia prima, se determiné el rendimiento
y la calidad dimensional de la madera aserrada. Se obtuvo un rendimiento de 52,8
%, donde influyé la calidad de la materia prima, los didmetros, longitud y conicidad
de las trozas. Las trozas son procesadas y se obtienen surtidos de 25 y 50 mm por
encima de las dimensiones preestablecidas, aunque no lo suficiente para compensar
las pérdidas de volumen debido a la contraccién y a la variacién de aserrado que
ocurren entre y dentro las piezas, por lo que se debe tener en cuenta las condiciones
técnicas de las maquinarias y la habilidad del personal técnico.

Palabras clave: Rendimiento; Calidad dimensional; Surtido y Madera aserrada.
RESUMO

O trabalho realizou se no serradico San Justo, pertence a Empresa Agroflorestal
Guantanamo, de setembro de 2018 até abril de 2019, com o objetivo de avaliar o
rendimento e calidade dimensional da madeira serrada de Samanea saman Jacq.
Analisou se a calidade da matéria prima, e também determinou se o rendimento da
calidade dimensional da madeira serrada. Obtém se como resultado, um rendimento
de 52,8 %, influenciado pela calidade da matéria prima, os didmetros, longitude e
conicidade das trogas, sendo processadas depois e obtendo-se delas, surtidos de 25
e 50 mm por acima das dimensdes preestabelecidas, embora de que nao tenha sido
o suficiente para a contrapartida das perdas de volumem devido a contragdo e
variacao do serrado que ocorrem entre e dentro das pecas, pelo que devem ter se
em conta as condicdes técnicas das maquinarias e a habilidade dos assistentes
técnicos

Palavras chave: Rendimento; Calidade dimensional; Surtido e madeira serrada.
INTRODUCTION

The sawmill industry consists of a series of operations that are necessary to make
the conversion of logs into sawn wood a feasible process, at least from the economic
point of view; coinciding with Fregoso et al., (2017).

The number and complexity of these operations vary depending on factors such as
the size of the sawmill, the technology employed, the species or group of species
used in the process, the characteristics of the raw material, the destination of the
processed wood waste, dimensions and degree of finishing of the final product,
among others.

Worldwide, different technologies have been implemented that allow improving the
efficiency indicators in the expertise and skill of the sawmill's technical staff, also, in
the characteristics of the raw material, those that start from optimization programs
in the sawmills (Vanzetti et al., 2019), to those based on the application of sawing
practices, supported fundamentally in the analysis of the different variables and the
decision making of sawing in a short interval of time.

http://cfores.upr.edu.cu/index.php/cfores/article/view/579
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From the works developed by Alvarez et al., (2019), Leyva et al., (2017) and Morais
et al., (2019), it is determined that the conicity and quality of the mechanical
transformation process during sawing, directly affects the efficiency of the sawing
processes, fundamentally, in the yield of the sawn timber. For this problematic
situation is that, with this work, it is intended to determine the yield and dimensional
quality of the sawn timber of Samanea saman Jacq. in the sawmill San Justo,
Guantanamo Agroforestry Enterprise.

MATERIALS AND METHODS

Characterization of the work area

This research was conducted in the San Justo sawmill, belonging to the Guantanamo
Agroforestry Enterprise, between the months of September 2018 and April 2019,
located on Avenida de los Estudiantes between 6 and 7 East, it has 33 workers, of
these 23 directly involved in production and 10 indirectly. The establishment has: a
storage area for the bolo wood and another one for the sawn wood outdoors and
indoors; a transporting cart, a winch, a band saw, a pendulum and an edger.

Sample size

The data were taken from a population of 100 logs for Samanea saman Jacqg (Carob
tree), to determine the number of representative units for the study, having as
variable of interest the diameter at the base of the logs; to determine the number of
representative units for the study, from the equation exposed by Chacko (1965),
Freese (1967), Lima et al., (2019) and Alvarez et al., (2019) (Equation 1).

(1)

Where:

n- sample size;

t 24 tabular value of t with (n-1) degrees of freedom;
S? Estimated Variance;

E - Allowable Error.

Results in 76 logs, and we continue working with the totality of the analyzed logs
(100 logs), demonstrating that the sampling done is representative of the area under
study, with an absolute error (Ea) of 5.99 and a relative error (Er) of 8.98, for an
error limit of 10 %.

Determination of the Conicity of the Logs

To determine the conicity of the logs, the formula used by Santos et al., (2019) and
Alvarez et al., (2019) (Equation 2).

{-D:_ Dlj

{: —
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(2)
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Where:

Con- conicity, cm /m;

Di Minor diameter of the log, (cm);
D2 - Larger log diameter, (cm);

L - Length of the log, (m)

Dimensional control of the sawn timber

Following the indications of Denig (1990) and Alvarez et al., (2010), samples of 100
pieces were taken, 10 in each work day. In the 25 and 50 mm assortments according
to the Ramal Standard 43-17/1983.

Six measurements were taken for each piece, three on each edge, equidistantly along
the length of the pieces, taking care to establish a permanent sequence of
measurements with respect to the direction of exit of the pieces from the saw
(Alvarez et al., 2019), with the objective of identifying possible problems in the
equipment. The measurements were made with a Vernier caliper in areas of healthy
wood, avoiding knots, rotting or other defects.

Due to the complexity and volume of the calculations, especially in the computation
of thickness variations in the sawmill when a large sample is available, it was
necessary to find an agile and feasible tool to process the data (Alvarez et al., 2020).

For this purpose, the Control software version 5.1 was used to determine the optimal
sawing dimensions; as well as the determination of the variation in thickness, which
is based on the formulation proposed by Brown (1986), for the calculation of the
optimal dimension of the assortment and other parameters that are described below
(Equation 3).

Calculation of the optimal dimension (Do)

,Jz—u_%t_:ﬁzwﬁ (3

Where:

Do - Optimal cutting dimension of green wood, mm;

DF- Final Dimension, mm;

TC- Tolerance for brushing on both sides of the assortment, mm;
%C- Wood shrinkage tolerance, %;

Z- minimum acceptable dimension factor (dimensionless);

St- Total sawing variation, mm.

(Equation 4).

St = /Sd* + Se?®

Sd- standard deviation of the sawing process within the pieces (mm.);
Se- standard deviation of the sawing process between pieces, mm.

http://cfores.upr.edu.cu/index.php/cfores/article/view/579
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(Equation 5).

(Equation 6).

. Sd?
Se= S*(¥)— —
n

Se = S%(x)— s4 (6)

n

Where:

532 represents the variance of the averages of the thicknesses of each sampled
piece;
n - number of measurements per piece.

On the other hand, the Critical Dimension (Dc) variable, which is related to the
dimension of green wood, should be taken into consideration if pieces could be
produced without sawing variation. The mathematical expression that makes it
possible to determine this dimension is (Equation 7).

DF +TC

D= a=%0 (7)

The percentage of tangential contraction (Alvarez et al., 2019), of the evaluated
species is determined from the works developed by Ibanez et al., (2001), defined in
2.30 %.

Determination of the sawn timber yield

The following ratio was used to obtain the percentage yield (Barth et al., 2016;
Orozco et al., 2016; Casagrande et al., 2019) (Equation 8).

R. = L’nmJ 100 8
r i-"t * [ JI

Where:

Rv - Total volumetric yield %;
Vma- Sawn timber volume, m3;
V- Wood volume in logs, m3;

The total volume of sawn wood in each log at the sawmills is determined on the basis
of linear measurements obtained from sawn wood according to the following
expressions (Equation 9).

http://cfores.upr.edu.cu/index.php/cfores/article/view/579
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Vma :i(ﬁ.—'*g.-'*ff) (9)

fml
Where:

Vma- Sawn timber volume of a log, m3;

ai, gi Ii, width, thickness and length of the piece i obtained from a log or group of
logs, m;

n- Number of pieces sawn from a log

The calculation of the gross volume of each log was made through the Smalian
formula, taking into consideration the work developed by Casagrande et al., (2019),
as shown in the following equation (Ecuacion 10).

+
Vmb = 5;‘!12—5‘2 = L (10)

Where:

Vmb, volume of the wood in logs (m3);
Vma, volume of sawn wood (m?3); g1,
g: basal area at the thin end (m?);
gz, basal area at the thick end (m?);
L, length of the log (m).

Statistical analysis

For each of the variables mentioned above (diameters at the three ends, length,
conicity, yield and thickness of the different assortments), the statistical postulates,
additivity of effects, non-correlation of errors were checked and the tests of normality
(Kolmogorov-Smirnov) and homogeneity of variance were performed (Di Rienzo et
al., 2009).

RESULTS AND DISCUSSION

Characterization of the raw material

Table 1 shows the descriptive analysis of the logs used, taking into consideration the
maximum, minimum, mean, standard deviation (SX) and standard error (S.E.)
values.

The variables analyzed in these logs are the following: major diameter (Dg), minor
diameter (Df) and length (L). The magnitude of the minimum diameter is 29 cm and
can reach 118 cm with an average length of 2.50 cm.

http://cfores.upr.edu.cu/index.php/cfores/article/view/579
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Table 1. - Descriptive analysis of the logs

Factor Medium{f] Minimum Maximum Typical deviation (Sx) E.E

Dg, cm 75,05 35,00 118,00 25,29 2,53
Df, cm 67,79 29,50 110,00 22,79 2,28
L, m 2,50 2,10 3,70 0,37 0,24

The size of the logs is one of the factors that most affects the yield of sawn wood,
since as the diameter increases, the yield also increases, and therefore has a positive
influence, this coincided with the opinion of specialists such as Alvarez et al., (2010),
Ortiz et al., (2016) and Leyva et al., (2017), in research conducted where they
indicate that the diameter of the log is one of the factors with the greatest incidence
in sawing; demonstrating that as the diameter increases, the yield of logs in the
sawing also increases; therefore, the procedure of small-sized logs implies low levels
of yield and less profit in the sawmills.

Conicity analysis

This defect is the most important one that we should take into account when working
with wood. Of the logs evaluated, 45 % have a small taper, 27 % medium and 28 %
large. With maximum values of 11.90 cm/m, average values of 2.91 cm/m, standard
deviation of 2.95 and an error of 0.295.

On the other hand, it can be established from the Brazilian standard for the
classification of hardwoods (IBDF, 1984), that the logs of the four species
investigated can be classified as superior quality logs or SU, based on the fact that
these same logs present conicities below 3 cm/m, further defining that these conic
magnitudes will not have a negative influence on the efficiency of the sawmill,
coinciding with Santos et al., (2019); reaffirming the approaches of Zhang et al.,
(2005) and Leckoundzou (2011), exposed in the following mathematical expression,
which has as references the analysis of elasticity (Equation 11).

E = (Rend,Con) = (dﬁendfaCon)(cmyRend) (11)

All of which defines that the very evaluation of the quality of the logs to be used as
raw material in the sawing industry. They affect the final product and the same
efficiency of the transformation process, coinciding in this sense with Andrea et al.,
(2019).

Analysis of the optimal dimension of the sawn timber

Dimensional control

For the 25 mm set the wood should be cut to 29.94 mm and 26.73 mm and for the
50 mm set the wood should be cut to 51.59 mm and 60.12 mm. In both cases the
wood is cut above the pre-established dimensions, although not enough to

compensate for volume losses due to shrinkage, up to 12 % humidity and sawing
variation as shown in the Table 2.

http://cfores.upr.edu.cu/index.php/cfores/article/view/579
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Table 2. - Dimensional variations of Samanea saman sawing

Parameters/Assortments 25 mm 50 mm
Average Dimension, mm 26,73 51,59
Optimum Dimension, mm 29,94 60,13
Critical Dimension, mm 25,48 50,95
Standard deviation within parts, mm 1,62 2,42
Standard deviation between parts mm 2,16 5,01
Total standard deviation (Total process) 2,71 5,56

Similar results to those obtained for the Pinus caribaea according to Alvarez et al.,
(2005) in Pinar del Rio for the (assortments 13; 50 and 100 cm) in Rigo Fuentes, in
addition to those obtained by Leyva et al., (2017), for the assortments 25 and 50
mm for the Pinus cubensis in sawmill of Yateras, municipality of Guantanamo.

In addition, the results related to the total sawing variation for the assortments of 25
and 50 mm in the species with values between 2.71 and 5.56 are also presented.
Similar results to those obtained by Alvarez et al., (2005) for the Rigo Fuentes
establishment for the same species mentioned above with values that, in a certain
way, are close to those found, however they are above the values 1.14 - 1.75 mm
reported by Steele et al., (1992). The great variation of the cut is a result of the
variations within and between the pieces.

The large variation in thickness within the pieces is due not only to excessive
deviations of the saw blade from its normal trajectory, but also to the poor alignment
of the squares of the carriage, which leads to obtaining all internal parts (parts
attached to the squares of the carriage) with significant defect of wedge to one
direction and external parts (parts away from the square of the carriage) free or
random, affected by this defect to one direction or another.

In addition, the transport cart was missing two mounting brackets, being another
cause for which the assortments do not come out uniform. The great variation in
thickness that can be observed between pieces is also due to the inaccuracies
committed by the sawmill that in many occasions' projects cutting schemes that tend
to under-dimension or over-dimension the interior pieces.

The statistical control of the sawing process shows that the process is out of control
and, therefore, it is necessary to analyze the quality of the raw material, the
machinery used and the skill of the operator; coinciding with what has been exposed
by Young et al., (2007), Barrera et al. (2016), Leyva et al., (2017) and Alvarez et
al., (2019), in their investigations.

Fundamental aspects to achieve greater efficiency in the forestry industry where the
use of mathematical models are very valuable tools in the sawmills.

http://cfores.upr.edu.cu/index.php/cfores/article/view/579
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Determination of yield
In determining the yield of Samanea saman in the San Justo sawmill (Figure 1), yield

values ranging from 15 % to 85 % were obtained, with average values of 52.8 %.

35 4
EL
25 1

15 1
10 4
5 | l

15-25  26-35  36-45%  46-35 5665  BB-73  TE-B3

Frecuencia

Rendimiento (%)
Figure 1. - Samanea saman yield histogram

The highest frequency of yield is between 46 % and 55 %, the same varies in the
small and larger logs. This yield could have been better, but some factors influenced,
for example: length, conicity, slicing diagram, type of saw, quality of the logs and
diameter. According to Meza and Simdn (2006), the latter has a great influence on
the yield. For small diameter logs, the yield is lower, but as the diameter class
increases, the yield increases.

CONCLUSIONS

The logs evaluated have a minimum diameter of 29 cm and can reach 118 cm with
an average length of 2.50 cm with an average yield of 52.8 %.

The wood is sawn above the pre-established dimensions, although not enough to
compensate for volume losses due to shrinkage and sawing variation that occur
between and within the pieces, so it must be taken into account due to the technical
conditions of the machinery and the skill of the personnel.
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