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Abstract: The yield of Eucalyptus regnans logs for lumber production was evaluated. Crack width and
length at each log end were measured. Two log-cutting plans were used to obtain sawn lumber. The
first plan (PA) considered logs with diameters varying from 28 to 40 cm, and in the second plan (PB),
the log diameters ranged from 42 to 56 cm (PB). Lumber yield was determined using two log volume
methods: the Japanese Agricultural Standards (JAS) and Smalian’s equation. The deformations of E.
regnans lumber were measured. The Australian and Chilean standards were used to classify sawn
lumber. The results showed that logs had radial cracks at both log ends. Cracks were classified into
two groups, considering the crack length. Regarding the lumber deformations, most boards exhibited
level B bows and crooks in both cutting plans. Levels A and B twists were prevalent in PA, whereas
in PB, level A significantly outnumbered level B. The lumber yield of E. regnans in PB was higher
than in PA. The lumber yield determined by Smalian’s equation was higher than that determined
by the JAS method. This research provides insight into the characterization of E. regnans for lumber
production, highlighting its relevance in the forestry industry.

Keywords: Eucalyptus regnans; sawn wood; lumber yield; lumber production; warping; cracks

1. Introduction

Eucalyptus regnans belongs to the genus Eucalyptus (Family Myrtaceae). This species is
native to the southeast of New South Wales, Victoria, and Tasmania in Australia. E. regnans
trees can grow rapidly to heights ranging from 50 to 60 m due to their high hydraulic
efficiency, standing as the tallest among most other hardwood species [1]. The wood basic
density of E. regnans ranges from 390 to 580 kg/m3 [2]. The E. regnans wood has moderate
strength and high hardness. It also has a distinctive pattern with a medium to coarse texture
and light brown color. The sapwood color of E. regnans is indistinct from the heartwood [3].
In Australia, E. regnans lumber is generally classified into three grades: select, standard,
and utility. Select grade refers to lumber that is free of any defects and is mainly used
in appearance-based products, including doors, stairs, floors, cabinets, moldings, and
furniture. Standard-grade lumber may have some characteristics that disqualify it, such
as knots and gum veins, among others. It can be used in products that require a decent
appearance and in construction, mainly in wall structures, solid-section beams, and double
T-beams. Utility- or general-use-grade lumber is used in applications such as pallets and
fences, among others. E. regnans wood has the potential to be used in the manufacturing of
valuable structural lumber products [4,5].

According to the technical report on forest resources published by the Forest Institute
(INFOR) in 2022, forest plantations in Chile were 2,309,563 hectares [6]. Pinus radiata is the
most commonly planted Pinus species in Chile, representing 54.8% of the total plantation
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area, and to a lesser extent, Eucalyptus globulus and Eucalyptus nitens are the most cultivated
hardwood species, accounting for 21.9% and 12.4% of the total plantation area, respectively.
On the other hand, the planted area of Eucalyptus regnans was not indicated in the technical
report, but it was included in the item ‘other species’, which accounts for 1.8% of the total
plantations [6]. However, a study carried out by Lisboa and colleagues reported a planted
area of 1200 ha of Eucalyptus regnans [7].

Some studies have been conducted on the ecology and silvicultural practices of Eu-
calyptus regnans, mainly in Australia and New Zealand. These studies have assessed
the tree size and total sawlog volume [8], as well as the relationship of biomass to tree
size and age [9], age and growth pattern [10], genetic parameters [11], effects of pruning
treatments [12], and wood production based on silvicultural systems [13]. E. regnans was
introduced to Chile to evaluate its adaptability and potential in the forestry industry due to
its fast growth and straight trunk [14]. This species has exhibited remarkable growth rates,
surpassing even Pinus radiata, which is the primary species used in the production of sawn
lumber in Chile [15]. The consumption of E. regnans lumber and other exotic species in
Chile was approximately 1.5% of 16.7 million cubic meters of wood produced in 2021 [16].

Like most Eucalyptus species, E. regnans exhibits growth stresses in its structure. The
growth stresses in the standing tree originate from vascular tissues, as it produces new
cells each year to form a growth ring. As the tree ages, the cells inside the trunk contract
longitudinally and expand laterally. However, this process is restricted by the older cells,
leading to the development of stresses. The accumulation of stresses produced annually in
the standing tree causes the inner part of the trunk to be under compressive stresses, which
increase toward the pith, while the outer part of the trunk is subjected to tensile stresses,
increasing toward the bark. This gradient of mechanical stress in standing trees constitutes
a pre-stressed and self-balancing field [17].

Once the tree is felled, stresses begin to be released, causing tissues under tension
to contract longitudinally and under compression to expand laterally, resulting in log
end cracks. Likewise, during the sawing process, the distribution and transformation of
longitudinal stresses into transverse stresses lead to the presence of cracks. The formation
of cracks along the stem results from stress relaxation in both tension and opposite wood
sides, exhibiting remarkably different behavior [18]. On the other hand, after sawing, the
release of stresses results in various types of wood warping [19], including bow, crook,
twist, kink, and cup. Furthermore, wood warping is strongly influenced by changes in
moisture content that occur from the felled tree to the sawing process [20]. Most species of
the genus Eucalyptus are widely known for the development of abundant cracks, collapses,
and the presence of various defects, as described above [21].

Lumber yield can be obtained through the ratio between the volume of sawn wood
and the log volume. This yield is highly important to be considered, as it indicates the
efficiency and sustainability of the wood industries [22,23]. Determining lumber yield
requires volume equations, including some such as Smalian, Huber, JAS, or laser mea-
surement systems [24]. On the other hand, lumber yield and log grading are affected by
some factors such as diameter, shape, length, taper, volume, sawing type, and sawing
practices [25–27]. Defects such as knots also considerably affect the wood strength and,
consequently, the wood quality [28]. In addition to the above factors, the presence of
growth stresses induces defects such as cracks and warping in E. regnans wood, resulting in
low yields in lumber production and a poor quality of lumber [29]. The detection of these
defects is very important to grade lumber. Some methods have been developed for the
detection of defects, such as machine vision techniques, which have proven to be effective
in detecting cracks and knots [30]. Measuring lumber yield in sawmills has been a topic of
great interest for many researchers worldwide, especially in areas where important wood
species for the forest industry are concentrated. In this way, a substantial improvement
in lumber yield has been reported, taking into account the technologies and techniques
used in sawmills [31]. Research has also been conducted on lumber recovery for different
species, such as Quercus rubra, Liriodendron tulipifera [25], Eucalyptus saligna [32], Cupressus
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lusitanica [23], Pinus kesiya, and Pinus patula [33]. As for E. regnans, Wardlaw and colleagues
presented a study conducted in a sawmill, in which they compared the recovery of green
lumber and the grades of defects in Eucalyptus globulus and E. regnans from adjacent thinned
and unthinned stands [34]. However, there is limited information on the lumber yield of E.
regnans, specially cultivated in plantations. Moreover, E. regnans presents greater challenges
in the sawing process than other hardwood species due to the development of internal
stresses, which produce defects in the wood. Thus, to maximize its potential and create a
major participation in the forestry industry of Chile, a comprehensive study is required,
covering material selection, characterization, and lumber yield. Therefore, the objective of
this research was to assess the lumber yield of Eucalyptus regnans logs.

2. Materials and Methods
2.1. Material Description: Site and Stand Details

The 21-year-old Eucalyptus regnans trees were obtained from the El Lingue stand,
located at 37◦20′57′′ south latitude and 73◦30′04′′ west longitude, owned by the company
Forestal Regnans Ltda., Province of Arauco, Biobío Region. This place has an average
annual precipitation of 1330 mm, along with a dry period of 3 to 4 months. It also has an
average annual temperature of 13 ◦C, with maximums of 23 ◦C in January and minimums
of 6 ◦C in July [35]. The silvicultural practices included 3 prunings at 5, 7, and 8 years
and 3 thinnings at 6, 8, and 10 years. The logs were cut into sections of 6.30 m and 3.15 m
in length.

2.2. Sample Size, Measurement of Cracks, and Estimation of Log Volumes

To determine the log sample size, we considered the average sawmill weekly process-
ing capacity, ranging from 630 to 1050 logs, i.e., from 90 to 150 logs. The sample size was
random and representative of all logs. According to NCh44Of2007 [36], the sample size
should be 80 logs. However, in this research, a larger sample size of 130 logs was chosen,
considering 20 logs processed per day, except on day 7, when only 10 logs were processed.
The radial cracks were counted and measured at the ends of each log, and the width and
length of the crack were measured.

In Chile, the most widely applied methods to determine log volume are the Japanese
Agricultural Standards (JAS), Empresa Forestal Arauco (EFA), and Smalian’s formula [37].
In this study, the JAS [38] and Smalian methods were considered. Each method was
calculated using Equations (1) and (2), respectively.

V = D2 × L× 10−4 (1)

where V = log volume in cubic meters;
D is the shortest diameter in centimeters;
L = log length in meters.

V =

(
a + A

2

)
L (2)

where V = log volume (barkless logs) in cubic meters;
L = log length in meters;
A = area of the largest end diameter in square meters;
a = area of the smallest end diameter in square meters.

2.3. Sawing Process and Lumber Grading

The sawing of logs was carried out at sawmill Forestal Regnans Ltd., de Arauco,
Chile. Two log-cutting plans were used, which were coded as PA for log diameters ranging
from 28 to 40 cm and PB for diameters greater than 42 to 56 cm. The cutting pattern of
plan PA consisted of two main cuts, where the log is partially peeled on both sides of the
circumference. Then, a cut is made in the middle of the peeled log, obtaining two half-cants
that are sent to the re-saw to obtain the boards. The cutting pattern of Plan PB consisted of
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a main cut, where the log is partially peeled on one side of the circumference. Then, a cut
in the middle of the log is made, obtaining five half-cants, which are processed on the band
saw re-saw with a 19-gauge blade. This allowed for a small cut and improved lumber yield.

After sawing, lumber was classified and grouped according to the parameters set by
the sawmill Forest Regnans for green and square lumber. Lumber grading was based on
Australian standards, which include three grades: select, standard, and utility or general
use. Select grade is defect-free lumber and is used in appearance-based products, including
floors, stairs, doors, cabinets, moldings, and furniture. This category includes AP7, which
refers to green lumber of a 3 m or 7-foot piece with a knot in the last 3 feet, signifying
its utilization for 4 feet. In the second grade, lumber exhibits defects such as knots, resin
pockets, or variable color. It is sometimes used in products that require an acceptable
appearance, but it is generally used in construction applications, wall structures, solid-
section beams, and double T-beams. The utility grade refers to wood used as pallets and
fences. Posts and poles must be chemically treated for outdoor use.

2.4. Evaluation of Wood Warping

Wood warping was determined according to the NCh.993:2018 standard. Defects such
as bow, crook, and twist were evaluated in each piece [39].

2.5. Sawing Yield in Eucalyptus regnans Logs

The sawing yield was determined using the following equation [40]:

Lumber yeild (%) =
Volume o f lumber in m3

Volume o f log in m3 × 100 (3)

The log volume was determined using Equations (1) and (2). The dimensions of each
board were used to calculate the volume of lumber. Furthermore, the quality of the wood
was assessed according to the criteria established by the customer, with separation based
on cutting type (plain sawn, quarter sawn, and rift sawn).

2.6. Statistical Analysis

The statistical software program SPSS version 27 (IBM Corp., Armonk, NY, USA) was
utilized for a linear regression between log diameters and lumber yield.

3. Results and Discussion
3.1. Distribution of Log Diameters

The processed log diameters exhibited different values ranging from 30 cm to 56 cm
(Table 1). The largest proportion of logs, accounting for 24.6% of the total logs, was observed
in the 40 cm diameter category, comprising 32 pieces. Following this, the diametrical classes
of 38 and 36 cm added up to 40 logs, representing 18.5% and 12.3% of the total pieces,
respectively. There were two logs, each with diameters of 42 cm and 44 cm, and only one
log with a 30 cm diameter.

Table 1. E. regnans log diameters.

Diameter
(cm)

Number
of Logs % Diameter

(cm)
Number
of Logs %

30 1 0.8 44 2 1.5
32 4 3.1 46 3 2.3
34 8 6.2 48 8 6.2
36 16 12.3 50 9 6.9
38 24 18.5 52 8 6.2
40 32 24.6 54 9 6.9
42 2 1.5 56 4 3.1

Total 100
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3.2. Assessment of Log Quality
3.2.1. Radial Cracks in Log Ends

Cracks were measured at both ends of each log. The small-end diameter and large-end
diameter were coded as E1 and E2, respectively. Figure 1 shows that all logs displayed
radial cracks, at least on one log end. In regard to E1, 100% of the logs had radial cracks,
whereas at E2, only 95.4% (Figure 1). Cracks were classified into two groups: The first
group included cracks that extend from the pith to the edge, where the crack length is
equal to the log’s radius (Lgr = rt). In the second group, the crack length is smaller than the
log’s radius (Lgr < rt). In general, 57 logs exhibited cracks from the first group, with 34 and
23 logs for E1 and E2, respectively. On the other hand, at E1, 96 y 101 logs had cracks from
the second group for E1 and E2, respectively. Additionally, only six pieces did not have
cracks in E2.
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Figure 1. Measurements of radial cracks. Small-end diameter (E1) and large-end diameter (E2) of the
log. L = log.

Figure 2 illustrates the number of logs with radial cracks based on their length. It is
evident that at both E1 and E2, the number of logs that had radial cracks (Lgr < rt) was
2.8 and 4.4 times higher, respectively, compared to the first group (Lgr = rt). However,
despite being a smaller group in terms of log quantity, logs with these types of cracks
had a more significant impact on the sawing process due to the widening and length of
cracks along the longitudinal direction. Consequently, this affected both the lumber yield
and quality. Additionally, due to this defect, the pieces had to be trimmed, resulting in a
reduction in the piece length.
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Figure 3 shows the number of radial cracks per log. Figure 3a displays the number
of cracks with lengths smaller than the log’s radius. The maximum quantity of cracks
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found in logs was seven and five, in E2 and E1, respectively. However, most logs had
three cracks in both log ends, which were a little bigger in E1, with 49 logs versus 39 in
E2. Similarly, 12 and 14 logs had one radial crack in small-end diameter 1 and large-end
diameter 2, respectively.
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Figure 3b presents the number of cracks with lengths equal to the log’s radius. It is
observed that, under this condition, the cracks are less numerous compared to those shown
in Figure 3a. In fact, the highest number of cracks found was five in small-end diameter,
but only in two logs. On the other hand, the highest number of radial cracks was three,
which were concentrated in 16. It also found 15 logs with four cracks in E1.

3.2.2. Relationship between the Width and Length of Longitudinal Cracks

The relationship between the width and length of the longitudinal cracks was deter-
mined using a regression model (Figure 4). This relationship showed a high determination
coefficient of 0.79%. This indicates that the variability of the crack length can be explained
by the crack width variability. It is worth noting that there may be factors not considered
in this model that might contribute to explaining better this correlation. Furthermore, the
correlation between the crack width and length may be attributed to the physical and
mechanical behavior of the wood and its exposure to different conditions. Internal stresses
generated by the wood’s structure lead to the formation of cracks. As crack width increases,
the tension at the crack edges tends to increase, resulting in greater propagation. This is
because the crack edges are under a higher concentration of stress and are more susceptible
to separation. Additionally, the wood moisture content plays a significant role in crack
propagation, as wider cracks allow for greater moisture penetration into the wood, further
weakening the structure and contributing to crack propagation. Similarly, the intrinsic
characteristics of the wood contribute to crack propagation. It is important to note that the
evaluated pieces had crack widths ranging from 1 to 4 cm, while the longitudinal cracks
exhibited a wide range, with a maximum length of 148 cm.

3.3. Sorting of Sawn Lumber
3.3.1. Lumber by Thickness and Cutting Plan

Figure 5 displays the number of boards based on the thickness of the green board
and cutting plan (PA-PB). The results indicated that for PA, there were 815 boards with a
thickness of 44 mm. For PB, the number of boards was 543 boards, but with a thickness of
56 mm. On the other hand, losses of boards were observed in PB, with 11 and 18 boards
with thicknesses of 44 and 56 mm, respectively. These losses represented 4.5% and 3.3% of
the total of 203 and 543 boards, respectively. Furthermore, in both cutting plans, all boards
with a thickness of 30 mm were classified as rejects (29 boards) because they did not meet
the nominal value.
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3.3.2. Lumber Grading According to Australian Standards

It was found in PA that 282 boards reached the highest value grade, “Select grade”,
followed by 249 and 232 grade 1 and AP7-grade boards, respectively. In PB, a higher number
of select-grade boards was found compared to PA (Figure 6). Specifically, 371 pieces were
counted, followed by 176 and 121 AP7 and grade 1 boards, respectively. When analyzing
the board losses for both cutting plans, in PA, there was a loss of 18 select-grade boards.
However, for the other grades, loss boards were minimal. In PB, there were 22 select-grade
boards and 10 AP7-grade boards. Grades 1 and 2 boards had losses of one and three
pieces, respectively.
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3.3.3. Lumber Grading Based on Customer-Defined Criteria Based on the Types of Wood
Cuts: Plain Sawn, Quarter Sawn, and Rift Sawn

Figure 7 shows the distribution of boards classified by the types of cuts (plain sawn,
quarter plain, and rift sawn) for both PA and PB. In PA, it was found that most boards were
rift sawn, totaling 437, followed by 406 quarter-sawn boards. Regarding boards that were
perfectly plain sawn, they numbered 70. In terms of losses, there were 14 rift-sawn boards
and 3 quarter-sawn boards. Contrary to PA, in PB, a higher proportion of quarter-sawn
board was found, followed by rift sawn. In general, out of the total boards analyzed,
486 were quarter sawn, while 255 were rift sawn. In the latter, there was a loss of 23 boards
compared to 10 in quarter sawn.
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3.4. Measurements of Wood Warping
3.4.1. Evaluation of Wood Warping in the Different Cutting Plans

Table 2 presents a summary of the number of boards exhibiting warping in the different
cutting plans and losses resulting from dimensioning. Boards were assessed to determine
the warp: bow, crook, and twist. Warp was determined for both PA (28–40 cm log diameters)
and PB (42–56 cm log diameters). Furthermore, a comparison was conducted between
boards classified as green boards (with high moisture content) and expected green boards.
This comparison allowed for the visualization of board losses caused by declassification
based on the thickness and width of the boards, meaning those boards deviated from
the anticipated dimensions of green lumber. This approach facilitated the determination
of warps in the boards for each cutting plan. The Chilean standard NCh993: 2018 sets
admissible levels or values (A, B, C, and D) for each defect [39].

Concerning bow, level B was the predominant for most of the boards in both cutting
plans. However, a loss total of 25 (3.3%) and 38 (5.3%) boards was found in PA and PB,
respectively, totaling 63 boards. Also, a number of boards graded level A was found, but it
was significantly lower compared to level B boards. Minimal or no losses were observed in
levels A, C, and D. The total loss due to bow amounted to 3.9%, that is, 65 boards out of the
1680 studied. Losses were attributed to problems during the sawing process, followed by
the quality of boards.

On the other hand, the highest proportion of boards exhibited level B crook, with
a higher incidence in PB, specifically, 73.4% and 73.8% of the total green boards and
728 expected green boards, respectively. In PA, the number of boards was higher compared
to the number of boards in PB. Following in proportion are the boards that had level C
crook. In this case, PA had the highest number of boards. Regarding board losses with
crook, for level B, it was 3.1% (13 boards) in PA and 4.6% (26 boards) in PB. As for level C,
losses were low, with eight boards found in PB.
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Table 2. Number of boards by warp type and losses due to dimensioning (*).

Cutting Plan
Wood Warping Level According to NCh993:2018

[39]

A B C D Total

BOW

PA (green board) 91 767 51 4 913
PA (expected green board) 91 742 51 3 887

PB (green board) 32 716 19 0 767
PB (expected green board) 31 678 19 0 728

PA losses 0 25 0 1 26
PB losses 1 38 0 0 39

Total losses 1 63 0 1 65

CROOK

PA (green board) 26 425 324 138 913
PA (expected green board) 26 412 319 130 887

PB (green board) 13 563 154 37 767
PB (expected green board) 12 537 146 33 728

PA losses 0 13 5 8 26
PB losses 1 26 8 4 39

Total Losses 1 39 13 12 65

TWIST

PA (green board) 454 424 28 7 913
PA (expected green board) 435 418 27 7 887

PB (green board) 677 90 0 0 767
PB (expected green board) 644 84 0 0 728

PA losses 19 6 1 0 26
PB losses 33 6 0 0 39

Total Losses 52 12 1 0 65
(*) PA: log-cutting plan (28–40 cm log diameters); PB: log-cutting plan (42–56 cm log diameters).

When considering twists in boards, the highest concentration of boards with level
A was observed in PB. To a lesser extent, a significant number of boards with level A
twist were also present in PA. Similarly, a notable number of boards with level B twist
were found, but the highest concentration occurred in PA, while in PB, it was much lower.
The board losses for level A in PA and PB were 4.2% (19 boards) and 4.9% (33 boards),
respectively. On the other hand, there were no board losses for levels C and D.

Warping in green lumber can affect the lumber yield. However, twisting and bowing
defects have a lesser impact compared to crook. For example, twist recovery can be
increased with the overload and steaming time during the drying process [41,42]. Also,
after planning, twist and bow defects can decrease [43]. Crooking cannot be rectified during
the drying process as it occurs with twists and bows. One solution to this problem is the
resawing of the pieces to eliminate this defect, which would result in a decrease in the
lumber yield of E. regnans.

3.4.2. Wood Warping According to the Thickness of Board

Warping was also assessed based on the nominal green thickness (30; 31.5; 44; 56 mm)
for both PA and PB (Table 3). Furthermore, boards classified as green boards and expected
green boards were compared, enabling the visualization of board losses due to declassifi-
cation based on thickness and width (boards that did not meet the expected ranges). As
a result, the actual number of boards, categorized by thickness and graded according to
NCh993:2018, was determined [39].
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Table 3. Total losses by thickness according to wood warping.

Nominal Green
Thickness (mm)

Wood Warping Grades According to NCh993:2018 [39]

A B C D Total

BOW

30 * 0 29 0 0 29
31.5 0 0 0 0 0
44 0 16 0 1 17
56 1 18 0 0 19

Total loss 1 63 0 1 65

CROOK

30 * 0 11 7 11 29
31.5 0 0 0 0 0
44 0 13 3 1 17
56 1 15 3 0 19

Total Loss 1 39 13 12 65

TWIST

30 * 19 10 0 0 29
31.5 0 0 0 0 0
44 16 0 1 0 17
56 17 2 0 0 19

Total loss 52 12 1 0 65
* Thickness that applies within the nominal ranges.

As for bowing, the results indicated that the 30 mm thick boards did not meet the
nominal dimensions. However, there was a total loss of 29 boards, which were graded in
level B. Similarly, level B experienced losses of 16 and 18 for the 44 mm and 56 mm thick
boards, respectively. Furthermore, there was only one board loss in level A (56 mm thick)
and in level D (44 mm thick), while there were no board losses in level C. On the other
hand, regarding the total loss of boards with crooks, there were a total of 29 boards with
a thickness of 30.0 mm. In level B, there were no board losses observed with a thickness
of 31.5 mm. However, for boards with thicknesses of 30, 44, and 56 mm, the board losses
were 11, 13, and 15, respectively. Similarly, levels C and D experienced board losses with
the same thicknesses, but board losses were considerably lower than reported in level B.
It is important to note that the boards classified under these levels were very low. On the
other hand, according to Rozas and colleagues [21], crook warping is a defect that cannot
be recovered completely during the drying process, leading to high lumber loss after the
sawing process. Likewise, the dimensions of the pieces are a factor to be considered after
the sawing and drying processes. Warp defects can be influenced by the cross-section size
of lumber pieces [44]. For twist warping, a total loss of 29 boards with a thickness of 30 mm
was found. The most significant loss of boards was concentrated in level A, with nearly
identical quantities of board losses with thicknesses of 30, 44, and 56 mm. The total loss of
boards in this level was 52, while in level B, it was 12 boards.

3.5. Lumber Yield

The crack length at both log ends was measured for all pieces. Taking into account
crack lengths, trimming was carried out to determine the lumber loss. The Australian
standard for product quality allows for cracks of up to 12 mm in length. The final dimension
of lumber was used to determine the lumber yield. Figure 8 shows that the yield of PB
exceeded that of PA. This was observed in both the JAS and Smalian equations for all
conditions (Figure 8). These results might be expected, as large-diameter logs yield more
lumber than small-diameter logs. However, it can also happen that thicker logs may
have smaller volumes due to internal defects like cracks, decay, and insect attacks [45].
Nevertheless, it is worth noting that the main problem during the sawmilling process
of E. regnans is the presence of growth stresses, which generate log end cracks. Cracks
and warping limit maximizing lumber yield from logs. The increase in the logs’ diameter
range does not guarantee greater yield, and when large-diameter logs need to be sawn, the
sawing process must be carefully selected. The sawing of Eucalyptus is not recommended
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to be performed in a massive way as it is performed with Pinus radiata. The process is
carried out log by log, determining the best sawing method to increase the yield. It has also
been proven that there is a relationship between the increase in diameter and the reduction
in growth stresses and, consequently, the presence of cracks at the ends of the logs.
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The log volume calculated using the JAS method for the different conditions was
greater than Smalian’s equation. However, when considering both volume equations, green
lumber (GV) yield determined according to the Smalian equation, which turned out to be
the highest of all conditions, was 56.9% and 62.9% for PA and PB, respectively (Figure 8a).
In contrast, the JAS volume showed yields of 47.5% and 52.1% for PA and PB, respectively
(Figure 8b). This variation in JAS scaling occurred due to the utilization of rounded-down
values for the small-end diameter in the formula. Moreover, JAS also considered the smaller
of the two rounded-down small-end diameter values for the calculation of JAS volume [46].
In contrast to JAS, Smalian’s method considered cross-sectional areas measured at both log
ends [47]; therefore, the log volume turned out to be smaller than the JAS volume. On the
other hand, Smalian’s method may lead to bias [48]. The log volume methods used are a
relevant aspect to be highlighted since they directly provide information on the lumber
yield, which can be higher or lower depending on the volume equation used, as presented
in this research. Likewise, the type of log-sawing pattern has a remarkable influence on
lumber yield [49]. The yields found in this research are higher than those reported by
da Silva and colleagues in logs from 21 native species from Brazil, which presented an
average yield of 45% [26]. A yield of 43.95% for 10 commercial species from Brazil has also
been reported. In this study, the researchers used Smalian’s equation [50]. However, it is
clear that one of the reasons for the lowest values is the sawing process used. In contrast,
our yield results were lower than those reported for sugi logs [51]. Again, lumber yield
depends on many factors, as discussed above.

Furthermore, the yield of trimmed (without cracks) lumber (TV) using Smalian’s
equation for PA and PB was 52.9% and 59.3%, respectively. This percentage was significantly
higher than that calculated with JAS (44.2% for PA and 49.1% for PB). As for the yield of
expected green lumber (EV), it was lower than the two above yields, but it can still be
considered a high lumber yield, around 50% for PA and PB, calculated using Smalian. In
contrast, according to JAS, the lumber yield was 41% for PA and 45.8% for PB. The yield of
commercial lumber (CV) and billing lumber (BV) were lower than the other lumber yields
and were similar for both the Smalian and JAS methods.

3.6. Relationship between Log Size and Lumber Yield

The linear relationship between log diameters and lumber yield for different stages
of the process is depicted in Figure 9. The analysis of regression showed that the lumber
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yield increased gradually as the diameter increased. It is evident that, in all cases, there
was a high variation in the data, leading to coefficients of determination ranging between
0.34 and 0.50. It is noteworthy that the Smalian volume-based lumber yield showed higher
correlation coefficients compared to those determined by the JAS method. The strongest
relationship was observed between log diameter and billing yield, with an R-squared value
of 0.5. This trend indicated that a larger log diameter is associated with a higher yield.
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4. Conclusions

All the logs showed radial cracks on at least one end. Most of the cracks did not
extend beyond the log’s radius. However, despite being less numerous, cracks equal to
the log’s radius had a higher impact on the sawing process due to crack widening and
the length of longitudinal cracks. The longitudinal crack length affected the lumber yield.
The Smalian volume-based lumber yield method was greater than the JAS method. It
was determined that there was a linear relationship between log size and lumber yield.
Large log diameters exhibited a lower proportion of boards with crook, which is crucial
in the forestry industry because this defect cannot be rectified during the drying process.
This study provided a comprehensive perspective on the characterization and sustainable
utilization of Eucalyptus regnans in lumber production, highlighting its importance in the
forestry industry.
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