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Effects of sorting logs on sawn lumber yields and qualities
- Young’s modulus and moisture content -

MATSUMURA Yukari"", MURATA Kohji”, and IKAMI Yuji"

Abstract

It becomes increasingly important to convert logs into sawn lumber under consideration of the usage, because the
higher performance has been demanded as building members, the main end use of sawn lumber in Japan. The proper
log sorting and sawing with the optimal sawing patterns are indispensable to produce lumber efficiently. In this study,
we examined the influence of sorting logs by Young’s modulus and moisture content on sawn lumber yields and
qualities aiming for efficient lumber productions.

Sixty middle diameter sugi (Cryptomeria japonica D. Don) logs were divided into two groups (group A and B) so
that the distribution of Young’s modulus might be almost equal. The logs of group A were sorted by Young’s modulus
E;. and moisture content estimated by bulk density of log and sawn using four adequate sawing patterns, and the logs
of group B were not sorted and sawn randomly selected sawing patterns. The lumber yields and lumber qualities of
each log were examined. The average moisture content measured immediately after sawing of the squared and flat
square lumber from lower moisture content logs in group A were lower than those in group B. In the lumber of 3.0
cm in thickness and 13.0 cm in width the frequency of the lumber of higher Young’s modulus was higher in group
A than in group B. It was shown that there is a possibility of producing lumber suitable for the end use efficiently
by sorting logs considering Young’s modulus and moisture content and sawing the logs using the optimal sawing

patterns.
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Introduction

In 2004, demand for logs in Japan was 30,855,000 m’,
and 21,705,000 m’ of that was for lumber manufacturing (The
Ministry of Agriculture, Forestry and Fisheries of Japan, 2005).
Of lumber sawn in Japan, 81%, 11,023,000 m’ were shipped as
building members (The Ministry of Agriculture, Forestry and
Fisheries of Japan, 2005). It could be said that the main end
use of sawn lumber in Japan was building members. Therefore,
producing lumber for building member efficiently and with high
yield is very important.

Generally, logs were sorted by their diameters and warp in
Japanese log markets. However, since the demand for lumber
qualities as building members has risen recently, it is necessary
to supply kiln dried lumber and stress graded lumber. If logs
are sorted considering the qualities such as moisture content
and/or Young’s modulus, logs are processed more efficiently.
For example, higher moisture content logs are sawn into small
dimension lumber which is easy to dry and stronger logs
are sawn into structural members. The moisture content of
sugi (Cryptomeria japonica D. Don), Japanese most popular

species, is very high in green condition and the dispersion of
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quality is large. The moisture content of sawn lumber is possible
to be estimated from bulk density (Shida et a/, 1990). So that we
thought that the moisture content of a log was easily estimated
from its diameters, length, and weight. Since there is a high
correlation between Young’s modulus and strength, and since
measurement of Young’s modulus with longitudinal vibration
method is nondestructive and simple, it is rational to estimate
strength from Young’s modulus (Sobue, 1987). In order to produce
lumber that meets the demand for usage, it would be useful to sort
logs by moisture content and Young’s modulus and to convert logs
into sawn lumber with the optimal sawing patterns.

It has been demonstrated in previous studies that volume
yields had been related to the log diameter (Ikami et al., 1992;
Ikami et al., 1997), and that value yields had been related to log
grades or number of knots on log surfaces (Murata et al, 1989).
However, there are few reports about influence of sorting logs
by moisture content and strength on sawn lumber yields and
qualities.

In this study, we examined the influence of sorting logs by
Young’s modulus and moisture content on sawn lumber yields

and qualities aiming for efficient lumber productions.
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Table 1.  Specification of logs used.
Diameter . . Number of Percentage of
Top end Butt end Length Volume Weight Density annnual rings heartwood
(cm) (cm) (cm) (m’) (kg) (g/em’) (%)
Ave. 27.6 31.8 373 0.270 190.6 0.709 37 61.1
SD 2.49 3.35 2.8 0.051 35.08 0.050 441 6.00

Ave.: Average, SD: Standard deviation

Materials and methods
Materials
Sixty middle diameter sugi (Cryptomeria japonica D.
Don) logs grown in Tochigi Prefecture were used in this study.
After debarked, lengths and circumferences of top end, butt
end, and middle of logs were measured, then their volume were

calculated by Equation (1) as truncated cone.
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where, ¥ (cm’) is volume of log, /, (cm) is circumferences
of top end, /,, (cm) is circumferences of middle, /, (cm) is
circumferences of butt end, L (cm) is the length of log. Weights
of logs were measured and their bulk density was calculated.
Table 1 shows the specification of logs used. Moisture content
of logs was estimated from their bulk density by Equation (2) in

this study for convenience.
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where, u, (%) is the estimated moisture content of log,

p (g/em’) is the bulk density of log, 0.374 (g/cm’) is oven-
dry density of sugi, which is our previous experimental data
(Matsumura et a/, 2003). Natural frequency of vibration of log
was measured by longitudinal vibration method and Young’s
modulus of log was calculated by Equation (3).
E,=4xLUx fi’xp 3)
where, £, (GPa) is Young’s modulus of log, L (m) is the

length of log, fir (Hz) is the natural frequency of vibration of
log, p (kg/m’) is the bulk density of log.

Sorting logs and sawing pattern

The flowchart of sorting logs is shown in Fig. 1. Sixty logs
were divided into two groups so that the distribution of Young’s
modulus £, might be almost equal. That is, logs were arranged
in the order of their £, and numbered. Then the logs of odd
number were classified as group A and the logs of even number
were classified as group B. The logs of group A were divided
according to their £, into two groups, less than and more than

7.0 GPa. Each group was divided into two groups by moisture
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Fig. 1. The flowchart of sorting logs.
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Fig. 2. Sawing patterns used.

Sawing Pattern 3
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Sawing Pattern 4
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Note: Main products were measured Young’s modulus, moisture content, bow and crook.

content, less than and more than 100%. In this way, the logs
of group A were divided into four sub-groups, and sawn using
four sawing patterns adequate to each sub-group. The sawing
patterns are shown in Fig. 2. Main products of sawing pattern 1
were squared lumber since kiln-drying could be easily because
of their low moisture content. In contrast main products of
sawing pattern 2 were small dimension lumber such as flat
scantling and boards to achieve efficient kiln-drying. Logs, E
of which were higher were sawn into structural lumber. Main
products of sawing pattern 3 were flat square since £, was
high and moisture content was low. Main products of sawing
pattern 4 were laminae for gluelam in order to utilize their
strength and achieve efficient kiln-drying.

On the other hand, the logs of group B were not sorted.
They were given random numbers, and divided into four sub-
groups according to their remainder when the random numbers
were divided by 4. They were sawn using the sawing patterns

used for the logs of group A.

Lumber yields and qualities

A 1,200 mm band mill with an auto feed carriage was used
in this study. Logs of each group were sawn using four sawing
patterns.

The data to be discussed below were collected in the
following way. Sawn lumber were graded based on Japanese
Agricultural Standard (JAS) (The Ministry of Agriculture,
Forestry and Fisheries, 1996) immediately after sawing.
Sawn lumber except boards were weighed and measured the
width, the thickness, and the length. The crook and the bow
were measured in units of 1 mm using a thread and a ruler.
The moisture content was measured with a wood moisture
tester (Kett HM-520). Sawn lumber except board were kiln
dried. After drying the lumber qualities such as crook, bow,
and moisture content were measured. Young’s modulus £

of lumber was measured by longitudinal vibration method.
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Volume and value yields in each sub-group were calculated by
Equation (4), and (5).
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where, Y, (%) is the volume yield, (%) is the value

al
yield, ¥; (m’) is volume of each sawn lumber, ¥, (m’) is volume
of log, P, (yen/m’) is price of each sawn lumber, and P, (yen/m")
is price of standard lumber. In this case a standard lumber was
square lumber 10.5cm in thickness, 10.5c¢cm in width, and 3.65m
in length of sugi, grade 1 in Japanese Agricultural Standard,

52,000 yen/m’.

Results and discussion

Table 2 shows £ and estimated moisture content of logs
in each sub-group. The average of £, of logs in sawing pattern
1 and 2 are higher than in sawing pattern 3 and 4 in group A.
Since it was impossible to measure real moisture contents of
the logs, the estimated moisture contents of logs were compared
with the average moisture contents of lumbers immediately
after sawing. The coefficient of correlation between the
estimated moisture contents of logs and the average moisture
contents of lumbers was 0.66. Though the average moisture
content of products did not necessarily show accurately real
moisture contents of logs, there was a possibility that the
estimated moisture content be used as a reference data for the
sorting logs. The average of estimated moisture contents of
logs in sawing pattern 1 and 3 are lower than in sawing pattern
2 and 4 in group A. Table 2 indicates that logs in group A were
certainly sorted by £, and estimated moisture content.

Fig. 3 shows cumulative frequency distributions of £,

of laminae of 3.0 ¢cm in thickness, 13.0 cm in width. The
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Table 2.  E, and estimated moisture content of logs.
Group Sawing ~ Number E(Gpa) Moisture content(%o)

pattern  of log Ave. SD Ave. SD
1 12 6.39 0.43 79.9 9.86

A 2 2 6.73 - 102.5 -
3 9 7.83 0.47 84.9 7.82
4 7 7.95 1.03 111.6 5.67
1 8 6.49 1.00 82.4 10.14
B 2 8 7.04 0.94 85.3 10.69
3 7 7.64 0.78 99.2 11.17
4 7 7.26 0.52 89.8 8.79

- : The standard deviation was not calculated because there were only two logs.
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Fig. 3. Cumulative frequency distributions of £, of laminae of
3.0cm x 13.0 cm.

Note: The number of laminae in group A was 117, and in group
B was 93.

frequency of higher £, was higher in group A than in group
B. This indicates that the rate of rejection lumber in group A
were lower than in group B, when the laminae of lower £, were
rejected. It follows from this that sorting logs by E; would
be useful for efficient production of reliable sawn lumber as
building member.

Table 3 and 4 shows moisture content of squared lumbers
and flat squares in group A and B. The average estimated
moisture contents of squared lumbers and flat squares

immediately after sawing in group A were 70.8 % and 71.4

12 - 0O A-rough sawn
12 L 0O A-after drying
’é\ 10 H @ B-rough sawn
3 g H @ B-after sawing
2
8 6
4 H
: | i
0 1 1 1 1 ]

2.6 3.0 3.5 13.0 13.0
(Squared) (Flat square)

Thickness of lumber (cm)

Fig. 4. The average bow and crook in each thickness of lumber.

Table 3. Moisture contents of squared lumbers.
Immediately after After kiln-drying
Group sawing (%) (%)
Ave. SD Ave. SD
A 70.8 11.91 12.9 5.36
B 74.5 19.11 12.2 3.71

Size of square lumbers: 13.0 cm x 13.0 cm

Table 4. Moisture contents of flat squares.
Immediately after After kiln-drying
Group sawing (%) (%)
Ave. SD Ave. SD
A 71.4 11.81 14.8 4.14
B 80.2 16.49 19.9 4.67

Size of square lumbers: 13.0 cm x 18.0-25.0 cm

%, respectively, and those in group B were 74.5 % and 80.2
%, respectively. There were no significant difference in the
estimated moisture content between group A and group B at
the 5 % level. However, the standard deviations in group A
were less than those in group B. This fact shows that variations
of moisture content of logs in each sub-group were decreased
by this sorting. In flat square, the difference in the average
moisture content between group A and group B after kiln-drying
was significant at the 5 % level. This fact suggests that sorting

logs by estimated moisture content had some good effects on

Crook (mm)

o N A O 0
T

I

13.0 13.0
(Squared) (Flat square,
Thickness of lumber (cm)
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Fig. 5. The average volume and value yields in each sawing pattern.

efficiency of kiln drying particularly in large sized lumber.

Fig. 4 shows the average bow and crook of rough sawn and
kiln dried lumber in each thickness. In the bow of rough-sawn
lumber of 3.5 cm in thickness and crook of kiln-dried lumber of
3.5 cm in thickness, there were significant differences between
group A and B at the 5 % level. However, it was not found
the clear difference in the overall tendency to group A and B,
because the bow and crook were not taken into consideration in
this study.

Fig. 5 shows the average volume and value yields in
each sub-group. There were significant differences between
group A and group B in value yield of sawing pattern 2 at the
5% level. However, for these yields of other sawing pattern,
clear differences between group A and B were not observed.
Although it was not clearly whether Young’s modulus and
moisture content affect the volume and value yields or not in
this study, we suggest that sorting logs considering usage cause
decreasing of reject of products, as a result lumber yield would
be improved.

In this study, the sorting logs proposed in consideration
of the following two points. First, the flat squares and laminae
which demanded strength as structural lumber were sawn from
logs with higher Young’s modulus, and the squared lumbers and
boards which didn’t demand high strength were sawn from logs
with lower Young’s modulus. Second, the large sized lumbers
as flat squares and squared lumbers, which were difficult to
kiln-dry, were sawn from log with low moisture content, and
the small sized lumbers as laminae and boards were from
log with high moisture content. When logs were sorted by
Young’s modulus and moisture content, the rate of rejection
lumber because of low Young’s modulus could be decreased,
and the variations of the moisture content before and/or after
kiln-drying could be kept low. Thus, we suggest that sorting

logs considering the qualities such as moisture content and/or
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Young’s modulus effects decreasing of rejection lumber, as a

result lumber yield would be improved.

Conclusion

The purpose of this study was to examine adequate sorting
method of logs for producing efficiently lumber which meets
the demands on qualities as building members. We investigated
the influence of sorting logs by Young’s modulus and moisture
content on sawn lumber yields and qualities aiming for efficient
lumber productions.

The average moisture content measured immediately
after sawing of the squared and flat square lumber was lower
in group A than in group B, since the squared and flat square
lumber were sawn from lower moisture content logs in group A.

In the lumber of 3.0 cm in thickness and 13.0 cm in width
the frequency of the lumber of higher Young’s modulus was
higher in group A than in group B. Since the rate of rejection
lumber according to £, in group A would be lower than in group
B, sorting logs by £}, would be useful for efficient production of
reliable sawn lumber as building member.

Although the relationship between Young’s modulus and
moisture content and volume and value yields was not clearly,
we suggest that sorting logs considering the qualities such as
moisture content and/or strength effects decreasing of rejection
lumber, as a result lumber yield would be improved.

It is concluded that there is a possibility of producing
lumber suitable for the end use efficiently by sorting logs
considering Young’s modulus and moisture content and sawing

the logs using the optimal sawing patterns.

Acknowledgement
This study was financially supported by Research grant
#200005 of the Forestry and Forest Products Research Institute.



6 MATSUMURAYY. et.al

References

Ikami, Y., Nishimura, K., and Murata, K. (1992) Sawing Yield
of Hardwood —Sawing pattern of lumber for furniture in
mizunara (Quercus crispula BL.) —, Abstracts of the 42™
Annual Meeting of the Japan Wood Research Society,
187p.

Ikami, Y., Murata, K., and Fujiwara, K. (1997) Conversion of
Middle Diameter Sugi Log into Sawn Lumber —Sawing
yield by using sawing pattern of lamina for gluelam post
—, Abstracts of the 47" Annual Meeting of the Japan
Wood Research Society, 175p.

Matsumura, Y., Murata, K., Ikami, Y., and Fujimoto, K.
(2003) Bulking Factor of sugi, hinoki, and akamatsu in
Band Sawing, Proceedings of 16" International Wood
Machining Seminar, Matsue, Japan, 2003, 577-583.

Murata, K., Nishimura, K., Fujiwara, K. (1989) Conversion of
Middle Diameter Sugi Log into Sawn Lumber —Sawing
yield by using sawing patterns in consideration of log
quality—, Wood Industry 502, 13-18.

Shida, S., Nakajima, A., and Nara, N. (1990) Estimation of the
Moisture Content of Lumber by Measuring Density,
Journal of the Japan Wood Research Society, 36 (12),
1019-1026

Sobue, N. (1987) Automatic measurement of Young’s modulus
of full-scale lumber with personal computer, Wood
Industry, 42 (9), 21-23.

The Ministry of Agriculture, Forestry and Fisheries of Japan
(2005) Statistics on Demand and Supply of Logs, 2004

The Ministry of Agriculture, Forestry and Fisheries of Japan
(2005) Basic Statistics on Lumber, 2004

The Ministry of Agriculture, Forestry and Fisheries (1996)
Japanese Agricultural Standard for Structural Softwood
Lumber and its Manual, Japan Federation of Wood-

industry Associations

TR BB 55 6 % 1 5, 2007]



Effects of sorting logs on sawn lumber yields and qualities
- Young’s modulus and moisture content -

AKDERTFESERM@DFIEY ERBICRETEER
— YRR LIKkE-

TR v VR R Y, PR ] Y

DLl

HARICIT 2 80O E B HLIZEERAMTH D, EEEAME LT EVRENROENS LS
Wiz >7eWES T, REABZER UEMEREEITO CENEE L RS> TETWVS, ARE#EEI TS
U Ul AR D TEIM 9 % T 2. ShRNSEM A FEIC AR TH D, AWITE T, ShRIN I 864 e
EHME LT, MRERMBEOY > R L EKRIC K 00 DE o4 b L S EIC S 2 % 8IS
DWW THIRT LTz,

60 ADAFHALKEY > TIRBOSHMEFGFZ L ADE L2 DDF)V—F (FIV—T AB) 124
Jice Z)V—7" A DAUKISHERERE THIE U728y > JRECE, EARO BT OEENSHEE LcE
IKRIC XD 4 DD LIARED TIM L, 70— B ORI BT EISEA AR D TR U,
B FOH R D L E RNz, GKROBEDAADN S8 Uiz A ZIV—TDEM L FADOEKRIZ, 7
W—TADIFSNTIN—TBDZENEI D>z, JEEX 3.0cm, M 13.0cm D EMICIBNT, Y7
RO N OHEZ T IV—T ANTIL—TB X Ehol, TNSDT s, VYUTRBEEK
R ER LU TR BT OEREAAKRI D THM T2 2 Lic kb, FRISHE U2 3M 7z sh#Riic 4k
HETBHEMNABETH B ENHEN LTS T2,

F—U—F R BMARIRD BRI B Y T RE

T T 305-8687 KR D WM OE 1 e-mail: myukari@ffpri.affre.go.jp

| Bulletin of FFPRI, Vol.6, No.1, 2007






