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Abstract

This study explored the potential use of white birch lumber manufactured at sawmills processing short logs (no more than 8 ft.
long). A database of random width and length white birch boards obtained from a conventional and a short-log sawmill was devel-
oped. To analyze the effects of lumber source, grade, cutting bill, and processing method on yield, 5,576 board feet (13.16 m?) of Se-
lects, No.1 Common, and No.2A Common lumber were used. ROMI-RIP and ROMI-CROSS simulation software were used to
model two processing methods, rip-first and crosscut-first, respectively. Four cutting orders, Furniture, Panel, USDA Easy, and
USDA Tough were processed in the simulation. Processing of lumber from the conventional sawmill resulted in significantly higher
furniture part yields: 8.8 percent for Selects and 10.3 percent for No 2A Common as compared to the yields derived from lumber man-
ufactured at the short-log sawmill. These differences were explained by: 1) a shorter average length (i.e., the longer conven-
tional-length lumber offers a greater number of part combinations); and 2) the increased presence of wane and void. However, there
was little difference in yield, when comparing the No.1 Common part yields obtained from lumber from the short-log and conven-
tional sawmills, with appropriate cutting bills. Results also indicate that crosscut-first rough milling generates, on average, a 4.2 per-
cent higher yield than rip-first rough milling. This analysis is of interest to a value-added industry faced with resource scarcity and in-
creasing lumber costs.

The objective of this study was to
evaluate the effect of sawing smaller white
birch logs on yield in manufacturing fur-
niture components. This evaluation was
made using three grades (Selects, No. 1
Common, No. 2A Common) of white
birch (Betula papyrifera, Marsh.) with
two processing methods (rip-first, cross-
cut-first) and four industry-based cutting
orders.

Inventory data indicate that white
birch is the only underutilized commer-
cial species, relative to growth, that is
available for industry expansion in Qué-
bec, Canada. There are over 5,300,000
m’ available per year on a sustainable

basis (16,22), yet large quantities of this
species are left standing because the
stems are of small diameter and consid-
ered too small to be an economically vi-
able source for conventional hardwood
sawmills. In general, the log diameter is
either too small or the length is too short

for traditional sawmilling (4,23). In re-
cent years, a new concept of hardwood
sawmilling was developed to process
these small birch trees. While the wood
supply of conventional sawmills con-
sists only of sawlogs, non-conventional
sawmills get their supply in whole-tree
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Table 1. — White birch database characteristics.

No. of Avg. max.
Grade Volume  boards Avg. width Avg. length crook Clear wood
s (m) ------ - - (mm) (%)

Conventional-

length

Selects 1157/2.73 183 0.165 (0.040)" 3.560 (0.258)  7.9(5.2) 92.7 (4.3)

No. 1C 911/2.15 241 0.141 (0.032) 2.475(0.415)  6.6(3.8) 90.9 (7.6)

No. 2AC 873/2.06 235 0.140 (0.027) 2.456 (0.368) 7.2 (4.5) 89.3 (9.6)
Short-length

Selects 962/2.27 312 0.134 (0.030) 2.120 (0.246)  5.5(3.8) 91.1 (7.6)

No. 1C 970/2.29 292 0.152(0.032) 2.030(0.405) 5.2(3.3) 91.3(9.8)

No. 2AC 703/1.66 350  0.124(0.027) 1.490(0.347) 4.5(2.6) 90.9 (8.2)

#Values in parentheses are standard deviations.

lengths. The trees are bucked at the mill
yard and one-third of the volume is cross-
cut and chipped; two-thirds of the vol-
ume enters the sawmill. Some of the logs
being processed at the non-conventional
sawmill are of sawlog grade according
to Petro and Calvert (24), but many of
them are pulp grade. This study ana-
lyzed one each of these two types of
sawmills. While the conventional saw-
mill is the one traditionally found in
Québec, the non-traditional sawmill
shows potential for processing the under-
utilized white birch resource that is
available in small-diameter trees, across
the northernmost regions of Québec and
Canada.

Because of the increased industrial de-
mand for hardwoods in Canada over re-
cent years, traditional hardwoods are be-
coming scarce (16,19). This shortage has
increased prices to the point that previ-
ously non-profitable merchantable tim-
ber operations are now being considered
(16), and sawyers are fitting their pro-
duction to the needs of furniture and
other secondary manufacturers. Since
most of the component parts needed in
furniture production are of small dimen-
sion or panel parts (3), a number of hard-
wood sawmills are tailoring their pro-
duction to meet customer-specific needs
instead of sticking to a standard. Increas-
ing numbers among them produce “cus-
tom grade” lumber or components to
match end user requirements (6,28).
Many manufacturers of hardwood end-
products are now considering the use of
more of the smaller white birch but the
question arises as to the economic sustain-
ability of such an option.

In the past, questions about yield, pro-
cessing methods, parts distribution, etc.
were answered by computer modeling
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tools that utilized databases of digitized
lumber (1,2,5,11,12,14,17,18,25,26,27,
28,29,31,32). These techniques and
tools can help answer similar questions
about white birch. To do this, a computer
database was built on a sample consist-
ing of 5,576 board feet (BF) (13.16 m®)
contained in 1,613 boards of digitized
random width and random length white
birch. The data acquisition was based on
the methodology applied by Gazo et al.
(15) and Harding (17).

Traditionally, lumber is graded on the
poor face; however, some manufacturers
use only the best face for their products
(e.g., tabletops or flooring); therefore,
information on what grade they pur-
chase does not tell the whole story with
regard to yield or cost per part. Using the
database in combination with a rough
mill simulation software such as ROMI-
RIP (30) and ROMI-CROSS (29) pro-
vides a better fit between the lumber
grade mix and the manufacturers’ needs.

Methodology

Sample material

The boards selected for this study
were required to show a range of quali-
ties representing the traditional ap-
proach as well as recent developments in
the sawing of white birch in Québec.
Two sawmills were selected. The first
sawmill, the one referred to as the con-
ventional sawmill, processes convention-
al logs into National Hardwood Lumber
Association (NHLA) grade lumber (23).
Petro and Calvert (24) define conven-
tional sawlogs as being of such a size
and quality that they can provide a good
yield in NHLA lumber. The convention-
al sawmill utilized logs ranging from
175 mm to 915 mm in small-end diame-
ter (SED), with an average of 225 mm;

log length ranged from 2.4 m to 4.8 m.
The conventional sawmill consisted of a
carriage bandsaw headrig, a horizontal
resaw, an edger, and a two-end trimmer.
The main product of the conventional
sawmill was NHLA lumber but it also
produced pallet stock as a by-product.

The second sawmill, the one referred
to as the short-log sawmill, processed
logs ranging in SED from 100 mm to
700 mm, with an average of 185 mm;
log lengths ranged from 1.2 m to 2.4 m.
This second sawmill consisted of a car-
riage bandsaw headrig, a cant gang re-
saw, a board edger, and a two-end trim-
mer. The use of a gang resaw tended to
result in the production of more wany
lumber. The product mix of the short-log
sawmill is primarily pallet stock that is
turned into pallet components, with some
house-grade lumber produced for spe-
cific customers requiring short lumber
for components, and a smaller amount
of NHLA Iumber. For the purpose of
this study, only the NHLA lumber from
the two sawmills was compared. This
provides insight into the furniture com-
ponent potential of the lumber originat-
ing from those two types of sawmills.

Table 1 tallies the number of boards
analyzed per grade for each of the two
sawmills included in the study. The con-
ventional sawmill, located at Senne-
terre, Abitibi, provided 2,941 BF (6.94
m®) of sawn white birch. The short-log
sawmill, located at Ste-Monique, Lake
St.-Jean, provided 2,635 BF (6.22 m®) of
short-length white birch lumber for a to-
tal of 5,576 BF (13.16 m’) of random
width and length NHLA boards. The
lumber from both sawmills came from
comparably mixed hardwood-softwood
boreal forest stands distinctive of the
Laurentian shield. The boards were dried
together in the same commercial kiln us-
ing high temperature schedule No. 23
from Cech and Pfaff (7) and surfaced on
both faces at Forintek Canada Corp.,
Québec Laboratory, to allow easier de-
fect identification for digitizing. The dig-
itizing took place at Purdue University,
West Lafayette, Indiana.

Board grading

A large volume of random width and
standard length hardwood factory lum-
ber produced in Québec is used in the
furniture, cabinetry, and flooring indus-
tries. This lumber is graded using the
NHLA lumber grading rules (23). Un-
der these rules, the lumber is graded ac-
cording to the potential recovery of clear

MARCH 2005



Table 2. — List of digitized defects and correspondence in ROMI-RIP and ROMI-

CROSS.

Defect type Corresponding ROMI defect type Status®
Bark pocket All bark pockets X
Burl Burl
Compression failure Callus wood
Crook Void
Decay Decay
Heartwood Bud trace with bark/check
Hole All grub holes/holes
Loose knot All unsound knots

Mineral streak

Open knot All unsound knots
Pin knot Pin worm hole (1/16-in.)
Pith Pith

Shake Shake

Sound knot All sound knots
Spike knot All unsound knots
Split knot All unsound knots
Split Split

Stain Incipient decay
Void Void

Wane Void

Twisted grain Burl

Drying check Surface check

Pressure roller stain Sticker stain
Conveyor mark
Machine burn Sticker stain
Machine gouge

Spike mark

Sapstain/mineral streak

Mechanical damage

Mechanical damage

Machine snipe/tearout

® ® o ® ® o o M X T MK K X T M X M M M M M D ®

Status: x = unacceptable on either side; a = acceptable on both sides; p = acceptable on poor side.

cuttings that can be obtained. In order to
determine the lumber grade, areas of po-
tential clear cuttings are considered. The
size of cuttings, number of cuts allowed,
percentage of clear cutting area on the
entire board, and size of board define the
NHLA standard grading rules for fac-
tory lumber. As the boards are intended
for subsequent remanufacturing into
flooring, furniture and cabinetry, indi-
vidual cuttings must satisfy both size
and quality criteria.

Under the NHLA rules, the lumber is
graded into eight grades: FAS, F1F, Se-
lects, No. 1 Common, No. 2A Common,
No. 2B Common, No. 3A Common, and
No. 3B Common. FAS, FIF, No. 2B
Common, No. 3A Common, and No. 3B
Common were not considered for this
analysis because they are not used in the
furniture-parts market segment under
study. There are four basic grading re-
quirements, one of which is percentage
of clear cutting area available in grading
cuttings. Selects grade boards require at
least 83 percent clear area on the better

face of the board; whereas No. 1 Com-
mon boards require 66.7 percent and
No. 2A Common boards require 50 per-
cent clear area in grading cuttings on the
poor face of the board. A detailed ac-
count of the grading rules is given in the
NHLA grading rule book (23).

Prior to digitizing, all the boards were
manually graded by an experienced
grader both before and after surfacing in
order to insure that the grade quality was
accurate. The short-log sawmill also
produced house-grade lumber but these
grades were not sampled for this study.

Database

A database of 5,576 BF (13.16 m’)
random width and length boards con-
taining information on all grade defects
was developed. For this study, 1,157 BF
of Selects, 911 BF of No. 1 Common,
871 BF of No. 2A Common from the
conventional sawmill, and 962 BF of Se-
lects, 970 BF of No. 1 Common, and
703 BF of No. 2A Common from the
short-log sawmill were used. Table 1
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lists the quantity, average width, length,
and average maximum crook per board,
for each of these samples.

Table 2 lists the defects that were dig-
itized, the ROMI-RIP and ROMI-
CROSS defect types used to represent
these defects, and their status in the sim-
ulations. Certain types of defects were
filtered out of the database because they
were acceptable on both sides of the
component or because they did not have
to do with the species characteristics but
rather with processing (i.e., man-made
defects). All sound knots and stain were
considered acceptable, on the back side
of the cuttings only, and were defined
accordingly in the rough mill simulation
software.

Cutting bills

Four different cutting bills were used
to best estimate the effect of lumber
length and grade on yield: the USDA
Easy (Table 3) and USDA Tough (Table
4) cutting bills were adapted from Steele
et al. (27). The Furniture Cutting Bill
(Table 5) and Panel Cutting Bill (de-
scribed below) were created by the au-
thors, and were based on local industry
practice. Cutting bill characteristics im-
portant for interpreting the results in-
cluded the total number of parts, the
length and width of the parts, and the
board footage of parts required by the
cutting bill. The Easy Cutting Bill (Ta-
ble 3) has an average length of 545 mm
and width of 56.5 mm, and, in general,
contains parts that are shorter and nar-
rower than the Tough Cutting Bill (987
mm long and 76.5 mm wide) (Table 4).

The Furniture (Table 5) and Panel
Cutting Bills were adapted from actual
Canadian furniture manufacturers using
white birch lumber in their operations.
The Furniture Cutting Bill was obtained
from a rough mill producing pre-cut com-
ponents and panel parts for several fur-
niture plants. With an average length of
803 mm and width of 36.2 mm, this cut-
ting bill has more narrow parts than both
the Easy and Tough Cutting Bills. The
Furniture Cutting Bill is representative
of the production of buffet and hutch
types of dining room furniture.

The Panel Cutting Bill came from a
plant that produces solid wood panels of
specific lengths. To overcome the in-
ability of ROMI-RIP Version 2 to pro-
duce solely panel parts under the metric
parameters settings, it was decided to di-
vide the 25- to 89-mm width range in
6.5-mm increments (approximately
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Table 3. — USDA Easy Cutting Bill showing number of required parts (adapted from

Steele et al. [27]).

Width

Length 44 mm 51 mm 57 mm 95 mm 114 mm 127 mm 133 mm
(mm)

254 2

311 1 4

330 4

343 1

368 2 1

381 11 20 2

476 8 4 8

521 2 1 9

533 3

572 8

629 23 13 23

705 10

718 14 4

800 2

Table 4. — USDA Tough Cutting Bill showing number of required parts (adapted from

Steele et al. [27]).

Length

Width

51 mm

70 mm

89 mm 108 mm

(mm)

381
457
635
737
838
965
1143
1270
1524
1829

12 4

Table 5. — Furniture Cutting Bill showing number of required parts.

Length

Width

25 mm

32 mm

38mm 44 mm

S5lmm 57mm 64mm 70mm 76 mm

(mm)

362
387
451
514
584
768
914
1073
1175
1245
1295
1346

36
42
57

29
49
51

24
13
19

N = N = W W= W

LW W N = W NN

—_

N = =
—
—

1 1 10
20

—_
—_
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1/4-in.) and request an infinite number
of each component. For the Panel Cut-
ting Bill, an infinite demand of all com-
binations of the following widths and
lengths was used: widths of 25, 32, 38,
44,51, 57, 64, 70, 76, 83, 89, 95, 102,
and 114 mm and lengths of 445", 546'
749", 940, 991, 1041, 1092, 1143, 1245,
1372, and 1549 mm. This approach was
justified since there was no difference in
demand by length. This Panel Cutting
Bill was expected to generate the highest
yields because it offered the greatest
number of part-size options. Although it
had some very long components, the ab-
sence of limitations on the number of
parts required made it more likely to
achieve higher yields. It represented a
different production scheme than the
other three cutting bills since it was de-
signed to produce a continuous stream
of panel components while the others
were required to produce a fixed number
of components in order to complete a fi-
nite number of furniture parts.

Simulation

The cutting bills were scaled to pro-
duce approximately 190 BF of compo-
nents. Considering the board size distri-
bution (the smallest boards were 2 BF),
it was decided to create board data sets
of 190 boards per simulation. The board
files were constructed by randomly se-
lecting 190 boards, after randomizing
the order of appearance of the boards for
each board file. The board data sets were
created using the same procedure for the
crosscut-first and rip-first simulations
within each lumber grade cell. The same
board data sets were used for each cut-
ting bill.

The following parameters were used
for the rip-first and crosscut-first simu-
lations. These settings were designed to
obtain the highest possible yield and are
based on the best available rough mill
technology.

ROMI-RIP simulation parameters. —
Arbor type: all-blades movable arbor
with 6 spacings; Kerf: 4 mm (0.157 in.);
Prioritization strategy: complex dyna-
mic exponent (CDE); Part prioritization:
updated constantly for all cutting orders
except for the Panel Cutting Bill, which
was never updated; Salvage cuts: made
to primary part dimensions, except in
the Panel Cutting Bill, where three
lengths were salvage-specific.

! Salvage specific length.
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Table 6. — Defect frequency (number of defects per m?) and t-test results for differ-
ence between conventional and short lumber occurrence rates by grade.”

Bark pocket Sound knot Unsound knot
------------------- (N0./M?) == === mmmmmm e oo
Selects
Conventional 1.9 (5.6) 0.0(0.2) 0.4 (1.1)
Short 1.8 (4.5) 0.7 (2.2) 0.5(1.8)
p-value 0.42 0.00%** 0.20
No. 1C
Conventional 5.4 (10.1) 0.2 (0.9) 1.4 (2.8)
Short 3.8(6.2) 1.0 (2.4) 2.0(3.3)
p-value 0.01%** 0.00%** 0.01**
No. 2AC
Conventional 7.9 (15.3) 0.2 (1.0) 2.2(3.4)
Short 7.4 (15.8) 0.8(2.8) 6.8 (6.8)
p-value 0.36 0.00** 0.00%*

#Values in parentheses are standard deviations; ** = highly significant difference (a < 0.01).

ROMI-CROSS simulation parame-
ters. — Primary yield maximization met-
hod: crosscuts optimized for best length
fitting to board features; Kerf: 4 mm
(0.157-in.); Prioritization strategy: com-
plex dynamic exponent (CDE); Part pri-
oritization: updated constantly for all
cutting orders except for Panel Cutting
Bill, which was never updated; Salvage
cuts: Made to primary part dimensions,
except in Panel Cutting Bill, where three
lengths were salvage-specific.

Statistical analysis

A three-factor analysis of variance
(ANOVA) was performed, within each
grade category, to identify the effect of
the following factors: lumber source (con-
ventional vs. short-log sawmills), process-
ing method (crosscut-first vs. rip-first),
and cutting bill. No interaction factor
was considered. Since the study was ex-
ploratory in nature, a fixed effect model-
ing approach was adopted (Type I model
ANOVA). This allows for the positive
identification of differences between the
two situations observed but it does not
allow inference on broader populations
of similar sawmills. The generation of
data files of randomly mixed and picked
boards from each category allowed us to
assume independence of experimental
errors, which in turn allowed us to per-
form the ANOVAs and paired compari-
sons. Where main factor effects have
been established, paired t-test compari-
sons were made to allow for the inter-
pretation of the respective effects.

The number of simulation replications
(n) was established based on the esti-
mate of the standard deviation for yield
(S), determined by preliminary simula-
tion, using the following equation:

2 2
(ta/Z,n—l +tb,n—1) 38

n=

d 2
where:
o = significance level, set at
0.05
B= 1-power of the test, set at
0.10

6= minimum detectable dif-
ference, set at 1 percent
yield

Based on standard deviation estimates
of initial yield, simulations were repli-
cated 20 times in order to obtain signif-
icance in detecting 1 percent yield dif-
ferences. However, due to the high
variability in yield for the USDA Cut-
ting Bills, additional simulations had to
be performed in order to be able to
achieve the desired test power (detec-
tion of 1% differences). For the USDA
Tough Cutting Bill using Selects grade
conventional- and short-length lumber,
65 and 80 simulations were required,
respectively. For the No. 1 Common
grade, 150 simulations were necessary
for the USDA Easy Cutting Bill with
short-length lumber and the USDA
Tough Cutting Bill with both conven-

tional- and short-length lumber.
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Results

Defect distribution

Tables 6 and 7 list the defect fre-
quency and defect area, respectively.
Overall, bark pocket is the most fre-
quently occurring defect. However,
based on area, the wane/void defect is
most important, followed in decreasing
order of importance by stain, bark poc-
ket, split, decay, and unsound knots. As
expected, the results in Table 7 establish
that the better grades have more clear
wood. However, this table does not show
defect location, which is of primary im-
portance when determining grade and
potential component yield. The clear
wood area (%) is defined as the ratio of
board clear area (board area minus total
defect area) to board surface area. Table
6 shows that there is an increase in the
frequency of occurrence of bark pock-
ets, sound knots (except when compar-
ing No. 1 Common and No. 2 Com-
mon), and unsound knots with a decrease
in grade quality. Table 7 indicates that
these same defects and decay occupy in-
creasing surface area as quality dimin-
ishes. It also appears that short lumber
has more knots, in general, than conven-
tional-length lumber. This is due to the
characteristics of the logs from which
this short lumber was sawn; the short-
length lumber came from small-diameter
trees, which have not had time to over-
grow lost branches with clear wood. Our
short-length lumber also had more wane
and void than the conventional-length
lumber, due to the use of a gang resaw
and lighter edging in the short-log saw-
mill (intended to allow for a higher com-
ponent recovery which would partly
compensate for smaller lumber dimen-
sion).

Yield

The ANOVA analysis on yield
showed significant effects for all three
factors: lumber sorts (from conventional
vs. short-log sawmills), processing met-
hod (crosscut-first vs. rip-first), and cut-
ting bill. Table 8 shows yield results
from the simulations, within each grade,
for the two lumber sorts, four cutting
bills, and two processing methods. The
USDA Easy Cutting Bill resulted in a
higher yield than the USDA Tough Cut-
ting Bill for all lumber grades. This re-
sult is explained by the greater selection
of short and narrow components in this
cutting bill (27). The higher yield ob-
tained by the Panel Cutting Bill versus
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Table 7. — Defect area (cm%m?2) and t-test results for difference between conventional and short lumber defect area by grade.’

Bark pocket Decay Pith Shake Split Stain Wane/void Sound knot Unsound knot

Clear wood

I T (15411 ) B T I

(%)

Selects

2.5(9.3)

0.0 (0.0)
0.4 (1.9)
0.00%*

3.5(17.2) 2.7 (19.8) 0.3 (4.6) 0.0 (0.0) 4.2(19.6) 9.6 (118.4) 44.7(87.2)
6.7 (96.8) 1.8 (31.5) 0.0 (0.0) 2.1 (16.1) 28.5(499.9)  213.9(276.5)

9.1 (108.1)

92.7 (4.3)
91.10 (7.6)

Conv.

1.7 (12.4)

Short

0.23

0.19 0.24 0.21 0.50 0.11 0.26 0.00%*

0.42

p-value

No. 1C

9.6 (31.8)

0.3 (1.8)
0.9 (4.0)
0.01%+

16.6 (103.5) 69.9 (993.9) 159.4 (230.2)
126.9 (1093.3) 191.6 (256.0)

8.3 (69.6)

03 (4.2)
0.1(1.3)

20.9 (94.15) 7.1 (76.1) 0.0 (0.0)
13.6 (111.8) 0.0 (0.0)

10.8 (48.2)

90.9 (7.6)
91.3 (9.8)

Conv.

16.6 (61.1)

Short

0.04*

0.06 0.21 0.50 0.27 0.15 0.26 0.06

0.89

p-value

No. 2AC

32.7 (100.4) 73.7 (466.5) 0.5 (5.4) 0.4 (4.5) 12.8 (64.1) 70.3 (704.8) 177.7 (263.4) 0.4 (3.4) 16.9 (35.2)
43.8 (350.0) 0.8 (13.4) 0.9 (9.4) 10.4 (62.0) 11.6 (73.9) 258.9 (450.4) 47.5 (73.9)

17.7 (49.4)

89.3 (9.6)
90.9 (8.2)

Conv.

1.5(9.8)
0.03*

Short

0.00%*

0.02 0.20 0.35 0.20 0.33 0.10 0.00%*

0.58
#Values in parentheses are standard deviations; * = significant difference (a < 0.05);

p-value

highly significant difference (a < 0.01).

wk —

the Furniture Cutting Bill is also explained
by the greater selection of short components
as shown in the cutting bill descriptions.
However, this yield trend was not always
consistent, rip-first processing of the Furni-
ture Cutting Bill produced higher compo-
nent yield than the Panel Cutting Bill in two
instances.

Conventional- vs. short-log sawmill. —
The primary objective of this study was to
compare the yield obtained from the conven-
tional sawmill to the yield from the short-
log sawmill. In previous studies (31,32), sig-
nificantly higher yield results were observed
when components were produced from con-
ventional-length lumber compared to short-
length red oak lumber. The same observation
holds true for white birch, although in the
present study differences in lumber widths
between samples also influenced yields. In
this study, the general configuration of lum-
ber coming from a conventional sawmill was
compared to that from a non-conventional
sawmill. The dimensions of the lumber from
the conventional mill were, in general, both
longer and wider than those from the non-
conventional sawmill.

When the component yield derived from
lumber produced at the short-log and con-
ventional sawmills was compared, the lum-
ber from the conventional sawmill always
produced a significantly higher (a ¢ 0.01)
yield than the lumber from the short-log
sawmill for Selects and No. 2A Common
grades. The yield differences ranged from
4.9 percent, when a rip-first rough mill pro-
cessed Selects grade lumber using the Furni-
ture Cutting Bill, to 16.2 percent when the
same rough mill using the same grade lum-
ber was processed using the USDA Tough
Cutting Bill. On average, conventional-saw-
mill lumber had a 9.8 percent higher yield
when ripped-first and 9.2 percent when cross-
cut-first. There was greater variability in rip-
first processing yields as demonstrated by a
standard deviation of 3.5 vs. 2.4 for cross-
cut-first.

Results for No. 1 Common grade lumber
were surprising. Figure 1 shows that in a
rip-first rough mill no significant difference
was observed in yield between conventional-
length and short-length No. 1 Common lum-
ber, when cutting the Furniture and USDA
Tough Cutting Bills. Lumber from the short-
log sawmill had significantly higher yield by
7.9 percent when processed with the USDA
Easy Cutting Bill. Only when processing the
Panel Cutting Bill did conventional-sawmill
lumber have significantly (o ¢ 0.01) higher
yield, but the difference was small, only 0.5
percent. For the crosscut-first rough mill
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0.558
0.000%*

64.3
(1.3)
61.7
(1.2)

0.000%*

64.1
(1.1)
63.9
(1.0)

0.700

0.000%*
0.000%*

70.2
(0.6)
66.6
(0.8)

62.6
(0.5)
62.1
0.674 (0.5)

0.000%*

39.7
8.1
334
(8.3)

0.000%*

34.4
(8.7)
339

(11.5)

0.000%**
0.000%**

60.0
(3.7)
59.5
2.8)

0.000%*

48.8
(6.1)
56.8
44

No. IC
Conv.
Short

VoL. 55, No. 3

0.553

0.000%*

0.002%*

0.590

p-value ©

No. 2AC

59.6

56.3

64.0

57.5

24.7
(8.3)

20.5

54.4

44.4

Conv.

(0.5) 0.000%* (2.2) (1.2) 0.000%*
47.0

(0.3)

0.937

(3.6) 0.000%* (7.0)

42.5

(3.7)

47.2

54.5

49.4

359

Short

0.464

0.7)
0.000%*

0.000%* (0.8)
0.000%*

(0.6)
0.000%*

(0.6)

n/a

0.000%*

(3.2)
0.000%*

(4.2)

0.000%*
#Values in parentheses are standard deviations; * = significant (a ¢ 0.05); ** = highly significant (a ¢ 0.01).

bp-value for comparison between rip-first and crosscut-first.

0.000%*

n/a

n/a

p-value ©

p-value for comparison between conventional- and short-length lumber.

dCutting order not filled.

cutting No. 1 Common lumber, Fig-
ure 2 illustrates that lumber from the
conventional sawmill had a signifi-
cantly (a0 < 0.01) higher yield of 4.1
percent, with a standard deviation of
1.9, for all cutting bills except the
USDA Easy Cutting Bill processing
No. 1 Common lumber, where no sig-
nificant difference was observed.

Two factors help explain the de-
crease in yield for lumber from the
short-log sawmill compared to con-
ventional-sawmill lumber. The first is
the shorter average length and nar-
rower width; both contribute to a re-
duction in the number of component
combinations that can be sawn out of
a single board, limiting the maximum
use of available lumber. The second is
wane or void. As shown by Table 7,
when wane/void occupy a much
greater surface there is a larger differ-
ence in yield between the two types of
lumber. This increased amount of
wane/void comes from a different edg-
ing policy practiced in the short-log
sawmill. The short-log sawmill must
extract lumber from smaller diameter
timber and in so doing it is subjectto a
greater amount of wane. The short-log
sawmill edging practices tend to allow
more wane on boards in order to be
able to recover more components
from the resulting lumber. The in-
crease in wane/void areas allows in-
creased absolute volume of compo-
nents produced but effectively
reduces the relative yield because it
generates a larger overall board sur-
face. This policy allows for higher
volume recovery, on a tree level, but it
is bound to have a detrimental effect
on throughput and productivity at the
rough mill. It also negatively impacts
the drying capacity.

The high standard deviation be-
tween simulations in the USDA Cut-
ting Bills indicates that they are prob-
ably not suitable for white birch. In
some cases, the cutting bills could not
be filled completely. The average
width and length of white birch lum-
ber in our database are smaller than
those of the red oak database (13).
The red oak database was built in the
southeastern U.S. where it is the re-
source of choice to the hardwood fur-
niture, cabinetry, and casket indus-
tries. The survey upon which the
USDA Cutting Bills were based (3)
was also made in this region. This
suggests that those cutting bills are
probably better suited to the red oak
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resource. The Furniture and Panel Cut-
ting Bills, derived from Eastern Canada
industries include, on average, narrower
parts that are more appropriate for
shorter and narrower white birch boards.
This might explain why we obtained less
variability with the Furniture and Panel
Cutting Bills than with the USDA Easy
and Tough Cutting Bills. One factor dif-
ferentiating the USDA Cutting Bills and
the Furniture and Panel Cutting Bills is
the presence of panel parts with a posi-
tive impact on yield.

Although the present study allows us
to conclude that lower component part
yields are to be expected from lumber
produced at the short-log sawmill when
compared to the conventional mill, sev-
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eral issues remain to be dealt with. In a
context where conventional lumber is
increasingly scarce and significant vol-
umes of short-length lumber could be
generated, the question arises as to what
is the limit of economic utilization of
short-length lumber. Short-length lum-
ber should be expected to be cheaper
than conventional lumber, which offsets,
to a point, the yield decrease. Further
studies should be devised to define the
thresholds of economic feasibility of
short-length white birch lumber. The
sampling among the two hardwood saw-
mill systems should be expanded to al-
low for inference of the conclusions de-
rived from comparing these two specific

sawmills to the broader population of
such sawmills.

Also, since short-length lumber has
not been produced for long, it is likely
that there is room for optimization both
in sawing strategies, including edging
and trimming policies, and in grading.
Future studies should look at the yield
issue not only in the rough mill context
but rather in the framework of integrated
processes, taking into account primary
and secondary log breakdown into com-
ponents. Recent research suggests that
there would be an overall optimum to be
reached when looking at both operations
in an integrated process, that would be
higher than when looking at them in iso-
lation (9,20,21).

This study used a database of
NHLA-graded white birch lumber from
conventional and short-log sawmills.
Other in-house grading systems are be-
ing defined and refined, based on indus-
trial-user specifications and agreements
between sawmills and industrial users.
Increased yields might be expected from
such specific grades defined to meet the
narrower needs of specific users. The
scope of further studies should be ex-
panded to include the whole product mix,
including, not only the NHLA grade
lumber, but also house grades and pallet
stock. With this approach, it appears pos-
sible (based on the experiences of a
small number of companies) to find eco-
nomical ways of using white birch of
lesser dimensions in the various hard-
wood-using industries.

Rip-first vs. crosscut-first. — Table 8
compares yield between rip-first and
crosscut-first processing of lumber from
the conventional and the short-log saw-
mills. It should be noted that compari-
sons involving the USDA Tough Cutting
Bill with No. 2A Common short-length
lumber were excluded because the cut-
ting bill requirements could not be met
after reasonably reducing the size of the
cutting bill.

The results show that for white birch,
crosscut-first rough milling generally
produces a significantly higher (a0 <
0.01) yield than does rip-first. An excep-
tion to this is that no significant differ-
ence in yield was found when process-
ing lumber from the conventional
sawmill using the Furniture Cutting Bill
with No. 1 Common lumber, and when
processing short-length lumber using
the USDA Tough (No. 1 Common) and
Furniture Cutting Bills (Selects, No. 2A
Common).
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According to the cutting bills used in
this study, crosscut-first generates on av-
erage 4.7 percent higher yield, with the
highest difference (11.2%) occurring
when using the USDA Easy Cutting Bill
with No. 1 Common lumber. These dif-
ferences in yield can be explained by the
characteristics of white birch. As shown
in Table 1, the lumber is narrow and
contains crook. According to
Wiedenbeck (33) and Gatchell (10),
these two properties favor crosscut-first
rough milling.

Conclusion

The lumber from the short-log saw-
mill was in general smaller in length and
width than that from the conventional
sawmill. This, combined with the fact
that it contains more of the void and
wane defects, negatively affects lumber
yield. Thus, lumber from the conven-
tional sawmill generally produced a
higher yield than the lumber from the
short-log sawmill. Selects grade conven-
tional-length lumber resulted in an 8.8
percent higher yield (average difference
for four cutting bills), and No. 2A Com-
mon grade conventional-length lumber
had an average 9.9 percent higher yield
than the lumber from the short-log saw-
mill. No. 1 Common lumber had com-
parable yield results for the two groups,
however, in one case the lumber from
the short-log sawmill produced a higher
yield. This indicates that, with minor ex-
ceptions (where results were not signifi-
cantly different), No. I Common lumber
from the small-log sawmill can produce
a similar or better yield than that from
the conventional sawmill using all four
cutting bills for both rip-first and cross-
cut-first processing. This is a result of
some importance. It indicates that in
some cases, when used with the appro-
priate cutting bill, the lumber from
small-log sawmills can yield satisfac-
tory results

It was also noted that crosscut-first
achieved, on average, a 4.2 percent
better yield than rip-first rough milling.
This difference is attributed to the char-
acteristics of northeastern white birch,
which is in general small and produces
narrow boards. These characteristics re-
duce the rip-first process flexibility in
producing long clear components and
therefore tends to have a negative impact
on rip-first yield compared to crosscut-
first.

The present study was exploratory in
nature. Further studies are required to be

able to validate that these findings can
be broadly applied to conventional and
non-conventional white birch sawmill
systems. Further studies are also needed
to define the economic limits when pro-
cessing smaller and smaller white birch
trees into components. Research should
be devised to look at integrated optimi-
zation of primary and secondary break-
down of the white birch resource of les-
ser dimension and quality for the produc-
tion of components. Research should
also look at the benefits of creating in-
house grades, and of using multiple grad-
ing systems simultaneously, to better
serve specific end-uses.

Literature cited

1.Anderson, R.B., R.E. Thomas, C.J. Gatchell,
and N.D. Bennett. 1993. Computerized tech-
nique for recording board defect data. Res.
Pap. NE-671. USDA Forest Serv., North-
eastern Forest Expt. Sta., Radnor, PA.

2.Araman P.A. 1977. Use of computer simula-
tion in designing and evaluating a proposed
rough mill for furniture interior parts. Res.
Pap. NE-361. USDA Forest Serv., North-
eastern Forest Expt. Sta., Upper Darby, PA.

3 , C.J. Gatchell, and H.W.
Reynolds. 1982. Meeting the solid wood
needs of the furniture and cabinet industries:
Standard-size hardwood blanks. Res. Pap.
NE-494. USDA Forest Serv., Northeastern
Forest Expt. Sta., Broomall, PA.

4 Bingham, S.A. 1976. Managing and using
our hardwood resources. /n: Proc. 4th An-
nual Hardwood Symposium of the Hard-
wood Research Council, NHLA, Memphis,
TN.

5.Buehlmann, U., J.K. Wiedenbeck, and D.E.
Kline. 1998. Character-marked furniture: po-
tential for lumber yield increase in rip-first
rough mills. Forest Prod. J. 48(4):43-50.

6.Calvert, W.W. 1965. Le surrendement et son
importance. (The overrun and its impor-
tance). In: Forét Conservation. Forintek
Canada Corp., Eastern Lab., Ottawa, ON,
Canada. 5 pp. (in French).

7.Cech M.Y. and F. Pfaff. 1980. Kiln
operator’s manual for Eastern Canada. Spe-
cial Pub. SP504ER. Eastern Lab., Forintek
Canada Corp, Ste-Foy, QC, Canada. 185 pp.

8.Devore, J.L. 1999. Probability and Statistics
for Engineering and the Sciences. 5th ed.
Duxbury Press, California Polytechnic State
Univ., San Luis Obispo, CA. 750 pp.

9.Funck JW., C.C. Brunner, J.W. Punches,

and J.B. Forrer. 2002. Simulated sawing of
real log images: Linking wood quality and
product potential. /n: Proc. of the 4th
IUFRO Workshop of the Working Party
S5.01-04 on Wood Quality and Silviculture.
TUFRO Secretariat, Vienna, Austria.

10.Gatchell, C.J. 1991. Yield comparisons from
floating blade and fixed arbor gang ripsaws
when processing boards before and after
crook removal. Forest Prod. J. 41(5):9-17.

11. , J.K. Wiedenbeck, and E.S.
Walker. 1993. A red oak data bank for com-
puter simulations of secondary processing.
Forest Prod. J. 43(6):38-42.

FOREST PRODUCTS JOURNAL VoL. 55, No. 3

12. R ,and .
1995. Understanding that red oak lumber
has a better and worse end. Forest Prod. J.
45(4):54-60.

13. ,R.E. Thomas, and E.S. Walker.
1998. Data bank for kiln-dried red oak lum-
ber. Gen. Tech. Rept. NE-245. USDA For-
est Serv., Northeastern Forest Expt. Sta.,
Radnor, PA.

14.Gazo, R. and P.H. Steele. 1995. Rough mill
analysis model. Forest Prod. J. 45(4):51-53.

15. , S. Mitchell, and R. Beauregard.
1998. Development of a database and its use
to quantify incidence of defects in radiata
pine random width boards. New Zealand J.
of Forestry Sci. 28(1).

16.Giguere, M. 1998. Guide du sciage des bil-
lons de feuillus durs. (A guide to sawing
short-log hardwood). Direction of the Forest
Products Development, Ministry of Natural
Resource, Government of Québec, Québec
City, PQ, Canada. 27 pp. (in French).

17.Harding, O.V. 1991. Development of a deci-
sion software system to compare rip-first
and crosscut-first yields. Unpublished doc-
toral dissertation, Mississippi State Univ.,
Mississippi State, MS.

18, P.H. Steele, and K. Nordin.
1993. Description of defects by type for six
grades of red oak lumber. Forest Prod. J.
43(6):45-50.

19.Hayes, K. 1991. Generating solutions to the
hardwood industry’s technology-based
problems. Agricultural Libraries Informa-
tion Notes 17(8).

20.Lin, W., D.E. Kline, P.A. Araman, and J.K.
Wiedenbeck. 1995. Design and evaluation
of log-to-dimension manufacturing systems
using system simulation. Forest Prod. J.
45(3):37-44.

21. R s and

. 1995. Producing hardwood di-
mension parts directly from logs: An eco-
nomic feasibility study. Forest Prod. J. 45(6):
38-46.

22 Ministry of Natural Resource (MNRQ)
1996. Ressources et Industrie forestiéres.
Portrait stastiques. (Resource and industry:
A statistical portrait). MNRQ, Gov. of Qué-
bec, Québec City, PQ, Canada. 142 pp. (in
French).

23. National Hardwood Lumber Association
(NHLA). 1998. Rules for the measurement
and inspection of hardwood and cypress.
NHLA, Memphis, TN. 136 pp.

24 Petro, F.J. and W.W. Calvert. 1990. How to
grade hardwood logs for factory lumber.
Forintek Canada Corp. Eastern Lab., Ot-
tawa, Canada. 64 pp.

25.Steele, P.H. and R. Gazo. 1995. A procedure
for determining the benefits of sorting lum-
ber by grade prior to rough mill processing.
Forest Prod. J. 45(6):69-73.

26. and S. Lee. 1994. Yield compar-
isons of furniture parts for three gang-ripping
systems. Forest Prod. J. 44(3):9-16.

27._,J. Wiedenbeck, R. Shmulsky,
and A. Perera. 1999. The influence of lum-
ber grade on machine productivity in the
rough mill. Forest Prod. J. 49(9):48-54.

28.Thibeault, A. 1999. Personal communica-
tion. General Manager, Kennebec Wood,
LTD., St-Georges-de-Bauce, PQ, Canada.

79



29.Thomas, R.E. 1997. ROMI-CROSS: ROugh
MIIl CROSScut-first simulator. Gen. Tech.
Rept. NE-229. USDA Forest Serv., North-
eastern Forest Expt. Sta., Radnor, PA.

30. . 1999. ROMI RIP 2.0 user’s
guide: ROugh MIII RIP-first simulator. Gen.

80

Tech. Rept. NE-259. USDA Forest Serv.,
Northeastern Forest Expt. Sta., Radnor, PA.

31.Wiedenbeck, J.K. and P.A. Araman. 1995.
Rough mill simulations reveal that produc-
tivity when processing short lumber can be
high. Forest Prod. J. 45(1):40-46.

32 ,C.J.Gatchell,and E.S. Walker.
1995. Quality characteristics of Appalachian
red oak lumber. Forest Prod. J. 45(3):45-50.

3. . 2001. Deciding between
crosscut and rip-first processing. Wood &
Wood Prod. 106(9):100-104

MARCH 2005


https://www.researchgate.net/publication/254456760



