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| NTRODUCTI ON

The Best Opening Face (BOF) technology for volunme maxim zation
during saw ng (1,4) has been rapidly adopted by softwood
sawmm | |Is. Application of this technology in hardwod sawml|s
has been limted because of their enphasis on sawng for the

hi ghest possible grade of lunber. the reason for this enphasis
is that there is a relatively large difference in price between
the respective grades of hardwood | unber conpared to the

di fference between the softwood |unber grades. Hardwood
sawm | l ers have judged that an attenpt to naximze vol une woul d
result in value loss to the degree that total value yield would
be significantly reduced. Wile hardwood sawmllers may be

correct there has been no data avail able supporting their
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expectation that maxim zing for volume yield will reduce val ue

yi el d.

The potential volume yield inprovenent from BOF decisions for
sawi ng hardwood sawlogs is 6.3 percent which is only slightly
| ess than for sawi ng softwood sawl ogs (11, 13). The BOF

t echnol ogy enploys an iterative procedure that tests numerous
initial opening face distances fromlog center for each given
saw ng pattern. These solutions begin at an opening face
position at which the first board face sawn will be of the

m ni mum accept abl e di mension. The conmplete sinmulated saw ng of
the log is perforned at this m ninum opening face position.
Subsequent opening face positions are tested by reducing the
opening face distance fromlog center by arbitrarily selected
increnents. The distance over which opening-face position is

tested has been the thickness of one piece of |unber plus kerf
width (4).

Maxi mumvol une yield is attained at the initial m ninum opening
face position for only a small percentage of BOF solutions (12).
For this reason maxi mnumvolune yield is generally obtained for
sonme opening face position somewhat closer to |og center than
that of the mninmum opening face. In fact, Steele et al. showed
that the highest yielding BOF position is generally obtained by

centering the sawing pattern in the saw og (12).
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The nost frequent of the defect types in sawl ogs are knots.

Knots are nobst nunerous near |og center. Therefore, the novenent
of sawlines slightly towards | og center froma m ni mum openi ng
face, required for BOF volune naxi m zation, should increase the
frequency of sawine intersection wth knots. Increased
frequency of sawine intersection should result in the yield of

| ower grade lunber that is of |ower value.

Past research has exam ned hardwood [ og orientation to determ ne
the influence of defect placenment on total |unber val ue
(2,7,8,9,15,16) with the nost recent study show ng a significant
10 percent increase in |lunber value for best log orientation
(15). Al studies, however, opened the sawmog only at the

m ni mum opening face for conparisons of |log orientation. The
iterative BOF procedure to |locate the volunme maxim zing initial
opening face was not performed at each rotation. Because vol une
yields were not maximzed, it was not possible to determne if a

conflict between volune and val ue maxi m zation exi sted.

The objective of this study was to determ ne the influence of
| unber vol ume maxi m zation on value yield in saw ng hardwood

saw 0gs.

PROCEDURES
The live sawi ng nethod was anal yzed to sinplify this initia

exam nation of the value versus volune yield question. A
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computer sinulation nodel of the live sawing nethod was avail abl e
froma previous study and the assunptions underlying its
performance are described in published reports (2,15). This
existing live sawing sinulation nodel opened the |log at an
initial mninmm opening face. For this study, the nodel was

nodi fied to open additional opening face positions in the
direction of log center, at the sane rotational position, to

determ ne the highest yielding BOF position at that face.

A dat abase of 24 digitally-described red oak (Quercus Sp.)

sawm ogs was also available from a previous study (15). The 24
saw ogs were all 12 feet in length and had been selected to be
approximately 16 inches in diameter. The sanple |ogs were
selected to be as round in cross section as possible. Eight |ogs
in each of the U S. Forest Service hardwood | og grades (17) were

sel ect ed.

The BOF concept of determning the distance fromlog center at
which to open the sawl og for maxi mum vol ume by repetitively
simulating the saw ng of the sanple logs was followed for this
study. A mninmum opening face distance was selected and the |og
was conpletely sawmn by the sinulated |ive saw ng nmethod. The
openi ng face was noved toward log center by 1/4 inch and the |og
was again conpletely sawn by sinulation. Lunmber from each

simul ated sawi ng was edged and graded, and the board footage

conputed and a value assigned. One-quarter-inch increnenta
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novenents toward | og center were chosen because the sawl ogs were
described by a 3-dinensional array consisting of 1/4 inch units.
As Figure 1 shows, there were 4 increnental novenents toward | og
center which resulted in 5 opening face positions tested. The

| umber thickness sawn was 1.00 inch with a 0.250 inch kerf wdth.

The search for BOF position was carried out at the rotationa
angle for each log that gave the highest value |unber for the
particular m ni num opening face selected (15). Saw ng procedures
recommended by Mal col mto obtain highest value of |unber were
applied (5). Two mninmum opening face dinmensions were tested in
this study. The m ni mum opening position (MOP) face wdth tested

was 3 inches wide by 8 feet |ong.

Past research on BOF position has concentrated on locating the
maxi mum vol une or maxi numvalue position for each saw og. For
conpar ati ve purposes, value and volune for additionally defined
positions were also investigated in this study at the initia
MOP, at the position of mninmmvolume yield and at the position
of mninumvalue yield. The nmean volume and correspondi ng nean

val ues obtained for all positions tested were conputed.

The centered-solution nmethod of volune maxim zati on devel oped by
Steele and Wengert (12,14) for ideal log forms was al so tested
for the real log shapes in this study. For this purpose, the

centered-solution values and volunmes were also determ ned. For
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conparati ve purposes, both maxi num and m ni num val ues and vol unes

were al so determ ned.

Lunber sawn by the sawi ng sinulation was graded according to NHLA
rules (6) by hardwood |unber grading software devel oped by

Kl'i nkachorn et al (3). Prices from a previous study (15) were
assigned to the lunber grades to allow conparison between the

results of both studies.

Al conparison-of-neans tests were performed by the | east
significant difference nmethod. Both analysis-of-variance and
conmpari son-of -nmeans tests were at the 0.05 | evel of significance.
Fisher's protected t-test was utilized prior to performng
conpari son-of -neans tests. By this procedure, neans conparisons
are not perfornmed if the variables are not significant in the
analysis of variance (10). Results of conparison-of-nmeans tests

are indicated in Figures 2 to 4 by letters on the right side of

t he graphs.

RESULTS

Figure 1 gives the respective volunme yields for sawing positions
of maxi mum val ue, centered solution, MOP, nean vol ume, maxinmm
val ue, and mni mum volune. The statistical results show that the
maxi mum vol une board footage yield did not differ significantly
from that of the centered-solution yield. The maxi num vol une

solution had significantly higher board footage yields than the
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MOP vol une yields. The nean-volume and maxi numval ue board
footage yields were significantly |ower than those for nmaxi num
volume and centered-solution positions. The nean-vol une and
maxi mum val ue board footage yields did not differ significantly

bet ween thenselves. The mnimumvolune yield was the

significantly |l owest yielding position of those tested.

The fact that the maxi mum vol ume position volunes differed
significantly fromthe volunme at maxi mnum val ue positions provides
evi dence that the hypothesized conflict between volune and val ue
yields is real. This result indicates that an attenpt to
maxi m ze value will sacrifice an average of nearly 3 board feet
per log yield. For each log sawn, sinply opening the sawl og at
the MOP woul d obtain significantly higher volume yield than that
obtai ned by the maxi numvalue solution. A volunme yield
equivalent to that at the maxi numvalue position could be
obt ai ned by opening the log at random as shown by the |ack of
significant difference between the nean-vol une and maxi num val ue
yields. The volume yield at nmaxi mrum value is significantly

hi gher than that of the m ninmumvolume yield, however.

Enpl oyi ng the centered-solution position to naximze volune yield
may be practical as indicated by the |ack of significant
di fference between the centered-solution and maxi mum vol une

yi el ds.
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Figure 3 gives the results on relative value yields by saw ng
position. The centered-solution position values did not differ
from those of the maxi numvolume position. This indicates that
the centered-solution could be a rapidly conputed substitute to
determ ne the vol ume maxim zing BOF position w thout significant

| oss of |unber value. However, sinply sawing to the MOP position
Is as effective as sawing at either the centered-solution or the
maxi mum vol une position. The mean-value position did not differ
significantly from centered-solution and maxi num vol une vyi el ds.
These results indicate that the |og could be opened at random
within the |-inch range in which opening face positions were
tested, to give value yields equivalent to those from opening the
|l og at the conputed centered-solution or maxinmm vol une
positions. The value results of Figure 3 indicate that the

m ni mum val ue position had significantly the |owest val ue.

Figure 3 also substantiates the value versus vol une nmaxi m zation
conflict. The maxi numvalue yield was significantly higher than
the value at maxi numvolume with a difference of 3.7 percent.
The mean value difference was $1.79 per sawl og. Therefore, using
BOF procedures to obtain maxi mumvolume in a hardwood sawm |

could result in a significant |unber val ue |oss.
Figure 4 gives the relative locations of the saw ng positions in

terms of mean distance from the MOP. The m ni mum vol une position

was found at the significantly greatest distance fromthe MOP
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position. This result indicates that the |I-inch range of

di stance towards log center within which initial opening face
positions were tested was of sufficient depth into the |og.
Those positions closest to log center gave the | owest vol une

yi el d.

The m ni mum vol ume position was significantly further fromthe
MOP than the maxi numval ue yielding position. The m ni mumval ue
position was slightly further fromthe MOP than the m ni num val ue
position, but not significantly so. Therefore, a maxi numval ue
solution distance from MOP for one log may easily be a mnimum
val ue solution for another. This result appears to indicate that
total value yield is strongly dependent on each particular log s
defect depth and orientation. Determning the value nmaxi m zing
di stance from MOP for a specific |og apparently requires a

preci se knowl edge of defect |ocation.

The maxi num vol une and centered-sol ution positions are |ocated at
the farthest distance from MOP. The centered-solution position
was significantly further from MOP than all other positions
except the maxi numvol une position. The 3-inch MOP maxi num vol une

position did not differ significantly fromthe m ni numval ue

posi tion.

The centered-sol uti on and maxi mum vol une solutions did not differ

significantly in distance fromthe MOP. This fact indicates,
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once nore, the effectiveness of the centered-solution position as

a proxy for locating the position at which maxi mum vol unme can be

Sawn.

SUMVARY

A conflict between value and volune yield was found to exist for
the live sawing of hardwood sawl ogs. Maxim zing volune yield by
enpl oying the BOF method resulted in a |oss of about $1.79 per
saw og which anmounted to a 3.7 percent average yield loss. This
| oss occurred even though volunme yield increased by 3 board feet.
Simply opening each |log at the MOP gave the same volume yield as
obtained for the maxi numvalue position. Simlarly, opening each
| og at random provi ded | unber value yields equivalent to those

computed for the maxi mum vol une position

The m ni mum vol ume position was closest in distance to |og
center, which indicates that the |-inch distance across which the
initial opening face positions were tested was adequate. The

m ni mum val ue and maxi num val ue positions did not differ
significantly in distance from MOP. This result apparently
indicates that total |unber value yield is dependent on each
particular log’s defect depth and orientation. To obtain
maxi mum val ue yield a preci se know edge of internal defect

| ocation for each log is required. This finding inplies that
current research to devel op scanning devices to detect interna

log defects is required to truly maxi mze value yield from

10 STEELE



har dwood saw ogs.

The centered-solution position was found to be a good proxy for
| ocating the maxi mumvol unme position. The centered-solution was
the sane distance fromthe MOP as the maxi num vol ume position

In addition, the volune and value yields for the centered-

solution position did not differ fromthose for the maxi num

vol une position.
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Tabl e 1.

Lunber prices by grade assigned to |unber produced by

the sawi ng sinul ation.
Report., January 14, 1989.

Har dwood Mar ket

G ade Price (%)
FAS 790
SEL 690
| C 510
2C 250
3A 195
3B 150
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Figure 1.

STEELE

Sawl og cross section show ng the m ni num openi ng

position (MOP) and the 4 increnental

| /4-inch nmovenents

of initial opening position towards |og center.
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Figure 2.

STEELE

Lunber volume yield by saw n
conpari son-of -means tests in

di

position with results of
cated by letters on the

right side of the graph. Sawi ng position values with
|

different letters

ffered significantly.
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Figure 3.

STEELE

Lunber value yields by sawm ng position wth results of
conpari son-of -neans tests indicated by letters on the
rifg t side of the (?raph. Sawi ng position values wth
different letters differed significantly.
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Figure 4.

STEELE

Di stance fromthe MOP by sawi ng position with results
of conparison-of-neans tests indicated by letters on
the right side of the graph. Sawi ng position val ues
with different letters differed significantly.
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12348

Initial
Sawlines
(1/4" increments)

————

Minimum

Opening

Position L
Initial sawline at MOP was shifted in 1/4” increments
toward log center.
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®, Maximum volume
= 1675 A
S
Centered solutl
c ered solution 1667 AB
@ MOP
|
P 165.8 BC
...m M |
.m.. ean volume 164.9 CD
b _N
_ﬂd. )
= Maximum value 164.7 D
o
= Minimum volume
b 162 E
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nwl ] ] I |
150 155 160 165 170 175

Total lumber volume (bf)
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Maximum value

Q.
o}
= 49.76 A
S

Maximum volume
S 47.97 B
™

MOP
a.a 47.75 B
Alu |
ntere futl
.m.Vv. Centered solution 4723 B
.me 3
m Mean value B
,m Minimum value
m 43.96 C
HHI . T T |
35 40 45 50 55

Total lumber value ($)
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Relative positional distances -

3 inch MOP

Minimum volume

Maximum value

Minimum value

Maximum volume

Centered solution

0.344

0.802 A

BC

CcD

| | I

0 0.2 0.4 0.6

Distance from MOP (in.)

I

0.8
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