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INTRODUCTION

RECENT study made at  Carbondale, ‘ I,

showed that sawing sub-factory class red oak saw-
logs into grade lumber can be profitable. Sub-factory logs
are those that will not meet the Forest Service minimum
specifications  for factory-lumber logs and are generally
considered to be, at the best, marginal in quality.

The most recent report of the umber situation in the
United States indicates that the declining quality
of timber resources represents a major problem for wood-
using industries,” but that “projected umber demands
to the year 2000 could be met with more intensive forest
management and uulization.” (&)

What is the quality of our hardwood resource, and how
much volume are we talking about? The report (8)
summarizes the quality of our eastern hardwood sawtimber
resource as follows:

Grade Percent

No. 1 factory-tumber logs (7) 11

No. 2 facrory-lumber logs (7) I8

No. 3 factory-lumber logs (7) 48

¢ Tie-and-timber logs 23
100

I Red oak. in this report, includes northern red oak + Quercus rubra 1), black cak (Quercus velutina
Fam ). and warler oak (Quercus cocddnea Muenchh )



The portion of the sawtimber resource in tie-and-
timber logs constitutes a volume of 99 billion board feet,
but this number does not include the additional billions of
board feet in local-use logs. It seems reasonable that the
combined volume of sub-factory class sawtimber (ue-
and-timber logs and local-use logs) totals at least 150
billion board feet.

If we are t meet the increasing demand for lumber
through more intensive forest management and increased
utlization, we must find ways to economically process
the low-grade segment of our sawtimber resource. We
now have little or no information about the conversion
value of sub-factory class sawlogs. The study reported
here is the first step in determining the value of the
sub-factory class of red oak sawlogs. If we assume simi-
lar red oak yields for any particular area of operation,
the results reported should enable a sawmill operator to
determine the marginal log for his partucular operation if
he converts these logs into factory lumber. ’

WHAT ARE SUB-FACTORY
CLASS SAWLOGS?

Hardwood sawlogs are most frequently segregated on,
the basis of use classes. Thus, logs meeting the factory
class requirements are basically intended to be converted
into lumber that later will be remanufactured into smaller
defect-free pieces for end wuses such as furniture or
flooring, for which clear pieces are required. '

The sub-factory group of sawlogs can be subdivided
further into two classes—the construction class and the
local-use class. Descripuons of these two classes of logs
from A Guide to Hardwood Log Grading (6) are given
in the Appendix. The speafications for construction-class
logs are listed in table 1, and examples are ilustrated in
figure 1. Specifications for local-use logs are lbisted in
table 2, and examples are illustrated in figure 2.

Conversion of logs of these low quality classes mto

Tt



Table 1.—Forest Service standard specifications ! for

construction logs

Position m tree

Butr & upper

Diameter, small end 8 inches +
Length, without trim 8 feet

Clear cutungs

No requirements.

Sweep allowance, absolute

1/4 diameter small end for cach 8 feet of length.

Single knots

Any number, if no one knot has an average
collar diameter in excess of 1/3 of log
diameter at pomt of occurrence.

Sound Any number if sum of collar diameters does
surface  Whorled knots not exceed 1/3 of log diameter at poinr of
defects occurrence.
Anv number provided none has a diameter
Holes over 173 of log diameter at pont of

occurrence, and none extends over 3 inches
o . \
into included umber.”

Unsound surface defects

Same requirement as for sound defects if
they extend into included umber” No
lymt if they do not.

Sound No requirements.

End

defects None permitted except one shake not more than
Unsound 1/3 the width of contained tie or tirnber and

one split not over § inches long.

U These speafications are nunimum for the class. I, from 2 group of logs, factory logs are selected
first. ghus leaving only non-factory logs from which to select construcuon logs. then the quality
range of the construcuon logs <o sclected is limired, and the class may be considered a grade. i
selecnion for construcuon logs 15 given first priority, then it may be necessary 1w subdivide the

class 1nto grades.

2 Included umber s always square. and dimension » judged from small end



CONSTRUCTION CLASS LOGS

A 10-foot log 18 inches in diameter at the small end. The cut-
tings on at least two of the four faces are not equal to the
minimum required for factory grade 3. Although it has num-
erous knots, none has a knot collar exceeding 1/3 of the log
diameter at the point where it occurs. The log contains no rot,
shake, or splits and it is straight.

A 12-foot log. 22 inches in diameter at the small end. The
cuttings on at least two of the four faces are not equal to the
minimum required for a factory grade 3. The numerous knots
are small and, although the log 15 sweepy, the actual sweep
does not exceed 1/4 of the diameter of the small end of the log.
There 1s no rot, shake, or split.

Figure 1.—Examples of hardwood construction
class logs.




Table 2.—Suggested specifications for
bardwood local-use logs

Posttion in tree Butt & upper
Diameter, small end 8 inches +
Length, without trim 8 feet +

Sweep allowancee, absolute 1/2 diameter of small end
Toral scale deduction allowed 50 10 67 percent
Clear cuttings No requirements.

Only requirement is that diameter of

Surface defects, knats, holes, rot, erc., shall not

sound and unsound exceed 172 diameter of log at point
of occurrence.

Sound end defects No requirements

4/4 lumber is not uncommon, especially in areas where
strong markets exist for flooring and pallets. Thus the
primary objective of this study was to determine the grade
yield of 4/4 standard factory lumber (5) that can be
expected from sub-factory class red oak sawlogs, and 10
develop average lumber yield percentages by lumber
grade and log diameter. Subsequent studies will be made
to determine log values when multple products such as
side lumber, ties, and umber are produced.



LOCAL-USE CLASS LOGS

- S— .
A 14-foot log 16 inches in diameter at the small end. It
does not have minimum cuttings required for a factory log. It
is too crooked and unsound to meet construction specifications.
Sweep and rot deductions are less than 67 percent.

A 12-foot log 18 inches in diameter at the small end. It does
not have the cuttings required for a factory log. It has no
large knots and no sweep, but it has an unsound heart for which

scale deductions will be less than 67 percent. ,

A 16-foot log 18 inches in diameter at the small end. It does
not have the cuttings required for a factory log. Although it is
sound, several knots are too large for the construction class.

A 16-foot log 20 inches in diameter at the small end. It does
not have the cuttings required for a factory grade 3 log be-
cause of the deep spiral seams. It will not qualify as a con-
struction log because of unsound heart.

O 8 16
L i i i i

FEET

Figure 2.—Examples of local-use class logs.




THE STUDY

The study was conducted at the Kaskaskia Experimental
Forest in Illinois during two consecutive logging seasons.
In both years we took data on red oak logs that were below
grade 3 and had a net log scale of 50 percent or more of
the gross log-scale volume.

The 235 study logs were placed on rollways and washed
to insure that no defects (4) were hidden by dirt. De-
tailed end diagrams and surface diagrams were made of
all defect indicators according to standard practices (/).
Scaling deductions for rot, sweep, and crook were deter-
mined and recorded, using the procedure outlined by
Grosenbaugh (2).

The study logs were sawed at the Kaskaskia Experi-
mental Forest sawmill. Sawing methods were determined
by the number of grade faces on the log.

Logs with no factory-grade faces were placed on the
carriage so the major defects were located along the edges
of the sawing faces. The faces were sawed unul the lumber
grade dropped below 3A Common, or below the lumber grade
obtainable from an adjacent face; the log was then turned
90 degrees, and the next face was sawed as the first. Saw-
ing was continued until the log was completely converted
into 4/4 lumber.

Logs with one factory-grade facc were placed on the
carriage  with the grade face against the knees. The
opposite face was sawed unul the grade dropped below
3A Common, or below the lumber grade obtainable from
an adjacent face: the log was then turned 180 degrees,
and the grade face was sawed as the first. Next the log
was turned 90 degrees, and the third face was sawed as
above. Finally, the log was turned 180 degrees, and the
fourth face was sawed untl the conversion of the log was
completed.

The sawing methods for logs with two factory-grade
7



faces depended on whether the logs had opposite grade
faces or adjacent grade faces.

If the log had opposite grade faces, one of the grade
faces first was sawed unul the grade dropped below 3A
Common, or below the lumber grade obtainable from an
adjacent face; then the log was turned 180 degrees, and
the second grade face was sawed as the firstt The log
was then turned 90 degrees, and the third face was sawed
as above: finally the log was turned 180 degrees, and the -
fourth face was sawed until the conversion was completed.

Logs with adjacent grade faces were placed on the
carriage with one of the grade faces against the knees,
and the first poor face was slabbed to provide a bearing
surface. The log was then turned 90 degrees, and the
second poor face was slabbed as the first. The log was
then turned 90 degrees, and the fist grade face was
sawed until the grade dropped below 3A Common, or
below the grade obtainable from an adjacent fagce when
the second grade face was sawed as the first.

The sawing order by faces was indicated on both
ends of the logs before they were placed on the carriage.
The lumber produced was edged, nipped, and trimmed
1o obtain the best grade lumber, and efforts were made
to minimize volume loss.

After each board was edged, it was numbered with the
log number from which it was cut and with consecutive
board numbers. If a board was ripped or crosscut, each
portion was given the same log and board number. This
numbering enabled us to identify individual boards in both
green and dry grading and to record both green and air-
dry yields for individual logs.

All the lumber produced in the study was graded by a
competent lumber grader. The following National Hard-
wood Lumber Association grades were recognized: First
and Seconds, Selects, Number { Common, Number 2
Common, Number 3A Common, and Number 3B Common.
The length, width, surface measure, and grade were
tallied by log- and board-number.

8
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After the lumber was green-graded, 1t was stacked,
and the lumber piles were roofed during the drying
period. After the lumber had reached an approximate
moisture content of 20 percent, it was regraded by the
same grader.

ANALYSIS OF DATA

The data were combined for analysis. Table 3 shows
the actual air-dry lumber grade-yield percentages by log
diameter and by lumber grade for all study logs.

Curved lumber grade-yields by log diameter were
developed by a least squares fit of the data, using a pro-
cedure reported by Jensen (3). This curving procedure
has been used previously in log- and tree-grade analyses,
and it was found to be appropriate. Table 4 shows the curved
lumber grade-yield percentages by log diameter and lum-
ber grade for the study logs.

Staustical  evaluation of the differences among the
three species of red oak was not attempted because of the
small number of logs. Differences of practical importance
did not occur in the data at hand.

By combining the data from logs of each species of
red oak we were able to compare the value of construction
logs with the value of local-use logs. There was no signif-
icant  difference i value between the two classes of
sawlogs.

APPLICATION

A sawmill operator can use table 4 to determine the
marginal sawlog for his particular situation. A hypo-
thetical example will serve to illustrate the procedure.

Problem:

‘A mill operator has a minimum price of $25 per
thousand board feet that he pays for logs delivered to the
sawmill. His sawmilling cost is $25 per thousand board
feet. Lumber grading, drying, and overhead costs total
another $15 per thousand board feet. What is the marginal

9



Table 3.— Actual dry lumber yields by grade for sub-factory

class ' red oak’ sawlogs

Lumber grade-vield

Volume,
Diamcter Logs lumber
FAS Sl 1C  2C  3A 3B tally
Inches N Percent Board Feer
9 6 - - - - 7.1 929 170
10 21 - - 27 114 179 680 766
11 36 - - 30 94 227 649 1,637
12 45 - 0.4 35 117 224 620 2,159
13 37 - 2 60 184 267 487 2.446
14 28 03 1.5 76 176 282 4438 ,1.948
15 30 2 2120 220 306 350 2,490
16 16 4 1.2 9.1 226 287 380 1,549
17 9 - 1.7 1941 325 238 229 818
18 3 - 9242 301 3t 13.7 322
19 4 1.4 16 111 222 308 329 441
Average 0.2 0.6 79 179 261 473 -

Includes anly construction class and local-use class sawlogs.

Includes black oak, northern red.oak. and scarler oak

10



Table 4.—Curved dry lumber vields by grade for

sub-factory class’ red oak’ sawlogs

Lumber grade

Diamerter
FAS Sel 1C 2C 3A 3B
{nches Percent

9 - 2 5 8 85
10 - - 3 8 16 73
11 - i 3 I 21 64
12 - 1 4 14 24 57
13 -- 1 3 16 27 50
14 - I 8 19 28 44
15 ! 10 21 30 38
16 - I 12 24 30 33
17 | 1 14 25 30 29
18 1 i 15 27 10 26
19 [ { 17 28 30 23

1
fncludes only construction class and local-use class sawlogs

> .
= Inlcudes black oak, northern red oak, and scarlet oak.



or break-even log that can be sawed under this cost
situation when the following prices for air-dry lumber
are received ?

Price per
thousand board fect
FAS $200
Sel $£180
1C $135
2C i 85
IA . $ 75
IB § 35

Solution:

Multiply the lumber yield percentages (table 4) by their
respectve selling prices for ecach log diameter class to
determine the average lumber value per thousand board
feet:

Example: 17-inch logs:

FAS. 01x$200 =§ 200
Sel: 01 x$180 - § .80
1C 14 x 8139 - §1890
2C. 25x$ 8% - $21.25%
3A: 30x8 75 = 82250
3B: 29x$ 35 = 81019

Lumber value per thousand board feet for 17-inch logs =
$76.60.

The average lumber values per thousand board feet for
the logs would be:

12



Diaginieter Nverage lumber value Average varu Bie cosps

(inches) per per
thosand board feet thousand board feer

9 $42 70 $65 00
10 48 40 G510
i1 §3.3% 65 00
12 5705 65.00
3 61.2% 65.00
14 65.15 65.00
s 68.95 65.00
16 72.45 65.00
17 76.60 65.00
18 78.60 65.00
19 81.10 65.00

The marginal log for the sawmill in this example »
14 inches in diameter (the point at which the value of the
lumber from the log 15 equal to the cost of producing the
lumber). Any log 14 inches in diameter or larger wil
yield a profit to the mill owner. On the other hand, the
owner should reject logs less than 14 inches in diameter
because the value of the lumber produced from these log
does not equal the cost of producing 1t.

A person wishing to apply these data to his own parw
ular operation must substitute his own costs for those user
in the example, and must also use his own lumber seiling
prices to determine his log value.

DISCUSSION

, This study has shown that, when market conditions ar
favorable it is profiable to saw sub-factory class red oa
logs into factory-grade lumber. It is not known if these dau
will apply to sub-factory class sawlogs of other specie
but 1t s very likely that the yields from other oaks woui



not differ materially from the yields presented in this
paper because of the relatively low values involved. A
sample of approximately 5O logs should be sufficient to
compare other oak yields to the red oak yields if an operator
wishes to make this test.

It 15 possible that conversion of all or some of these
logs into products other than 4/4 lumber would yield higher
returns. For example, if a sawyer cuts the No. 2 Common
and  Better poruon of the log into 4/4 factory lumber and
converts the remainder of the log into structural items,
the returns might be higher than they would be if only
factory lumber were produced. A mill operator will be
able to make this decision based on prices he receives for
products other than factory lumber.

The economics of sawing sub-factory class sawlogs
into alternate products and mixtures of products will be
examined in future studies, and comparisons with the
values (yields) reported here will be made.

We hope that the data reported here will contribute
to the increased utilization of the low-grade portion of
our hardwood resource. Those logs might look bad, but
many are profitable if care is used in processing them.
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APPENDIX

Construction Class Sawlogs

This class includes logs suitable for sawing into tes and umbers and
other items to be used, more or less intact, for structural or wmbhz—
bearing purposes. Grade specifications are contained in the construction-
lumber section of the Nauonal Hardwood Lumber Associauon rules; the
tie specifications of the American Railway Association; and the standard
specifications for structural wood joists and planks, beams and stringers,
and posts and timbers of the American Seciety for Icsnng Matenals.

In general, these spcuﬁmuons are deﬂp(d to insure the smngh of a
piece. In the usual run ¢ loos suitable for this use, the position and mn-
dition of the heart are L‘Spt‘Claly important factors. Knots and other de-
feers that would impair the strength of the product are limited o wzes that
hold impairment within acceptable limi.

Although factory -lumber Lmdcs allow for progressively more defects
from the high gmdcs to the low grades, construction specifications are
rigid thr()twhout with regard to the “inclusion of weakening imperfections.
This results in log requirements different from those for factory-lumber
use. For example, a factory log with a rowen, shaky mterior, and with
large bur widely spaced individeal defects, may pmduw enough  high-
Lradc boards so that a high average qualty of yield can he obtained. Yer
such a log would be pr.s.cmal./ worthless as a Construction log.

Local-use Class

In general, local-use logs are those that are suitable for products not
usually covered by any standard specficatons. High strength, great
durability, or fine appearance are not required i these products. These
logs are generally sold m local or restricted markets for use in secon-
dary farm buildings, craung. mune ues, and mndustnal blocking. Whereas
the products of the other two classes are usually sold over a wide area
and through a variety of marketing channels, local-use materials are
encrally sold directly to the user by “the producer. This often makes the
gaqd ling of local-use logs rather profitable.

Grade Face

A grade face is a section one-fourth of the surface of the log as
divided lengthwise that will meet the speaficatons for a factory-grade
sawlog face.
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