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ABSTRACT

Research on several hundred well-manufactured 1 and 2A Common red oak boards
shows that better edging and/or trimming or division-based remanufacturing can pro-
duce boards of higher grade and value. Division-based remanufacturing divides a board
into as many as four smaller boards. The UGRS computer program (3,4) grades digi-
tized boards, examines their remanufacturing potential, remanufactures to the highest
valued solutions greater than the original board values, and displays the size, defect lo-
cation, and grade of new boards for UGRS analysis. An example analysis of the effects
of such remanufacturing for a simple, gang-rip-first, rough-mill cutting bill is included.
Whether boards can be remanufactured profitably depends on the relative prices among
the lumber grades and the costs assigned to remanufacturing. All software used in this

research is available free of charge.

The first two sentences of para-
graph 8 in the 1998 National Hardwood
Lumber Association (NHLA) rule book
(5) state: “Lumber should be properly
manufactured of good, average width
and lengths. It should be edged and
trimmed carefully to produce the best
possible appearance while conserving
the usable product of the log.” This di-
chotomy presents interesting questions
for the person going from the log in a
sawmill to rough-dimension parts in a
furniture rough mill. Until now, ithas not
been possible to accurately quantify the
effects of remanufacturing on secondary
processing yields.

The edging and trimming method re-
duces the amount of material available
for end products while increasing the
cost to the lumber user. The lumber user,
in tum, supposedly benefits from an in-
creased ease of manufacture, less han-
dling, and less waste. At today’s prices,
the cost of lumber is high relative to
other manufacturing costs. Perhaps the

lumber consumer should explore the
possibility that the costs of processing
the lower grades, particularly when
gang-ripping-first is used, are more than
offset by increases in rough-dimension
yields. The first question we will ex-
plore is what are the effects of remanu-
facturing on the size and value of the
remanufactured boards? The second is
what is the effect of remanufacturing on
clear-2-face rough dimension yields?
THE STUDY

Edging and/or trimming and division-
based remanufacturing was used on 1C
and 2AC 6-foot and longer boards in our
1998 red oak data bank (1). Division-
based remanufacturing divides a board

into as many as four smaller boards.
These are well-manufactured boards
that are typical of the grades when nor-
mal NHLA procedures are used: 80 per-
cent of the 1 Common and 90 percent of
the 2A Common had grading cutting
areas as percentages of their surface
measures in the normal range for their
grades: 66-2/3 to 83-1/3 percent for 1
Common (with greater than 2 ft. surface
measure), and 50 to 66-2/3 percent for
2A Common. For those readers unfa-
miliar with the NHLA rules, we have
included an overview of these rules in
Table 1. When the maximum number of
grading cuttings allowed by NHLA
were considered, we found that about
half of the 1 Common and 2A Common
boards had grading cutting area per-
centages of surface measures typical of
the next higher grade (I Common to
FAS and 2A Common to 1 Common).
These boards did not grade at the next
higher grade due to other grading con-
siderations, such as amount of wane,
pith, or defect size. It is also important to
note that board size is a key element
when comparing grades. Table 1 lists
the minimum size boards acceptable
for each grade. There were 5,345 board
feet (BF) of 1 Common (883 boards)
and 4,377 BF of 2A Common (784
boards).

The authors are, respectively, Research Forest Products Technologist (retired), Computer
Scientist, and Computer Programmer, USDA Forest Serv., Northeastern Res. Sta., 241 Mer-
cer Springs Rd., Princeton, WV 24740. This paper was received for publication in April 1999.

Reprint No. 8974.

T Forest Products Society Member.

©Forest Products Society 2000.
Forest Prod. J. 50(2):79-89.

FOREST PRODUCTS JOURNAL VoL. 80, No. 2

79

4y 7



£
k=i ] =)
; %S
L g2 B £g 5
5] Qo S 0.5 So b =
B = 1:‘30. = o o
3 o L= oo S sg =
23 0o S . O 3
8 < g © 8 .g 3
a 29 0wy 09 oS3 b
8 o @ L2885 W 80 5
= ~8 u = = 4 B
He ToS Breo g2 2 E
1 ¥ 00 15 S o 19
s ISE=1=] o i) =
P o3 0 w N » < © ESESE-] a.
oo =1 7Y o g ol a B3 2| S o o
=l e =] ol ol 5 o NI g
2 B §238 o EEs 58D ha s g 2
<& =] 3] SO .0 § oz
w8 a3 2 SO8 R — 87 =
| 'E E3RS] s:°8'f—5"-""u LB o =
o= S g blEx 28 Y2 E g 2
e ©8° 2 ;1 &0 25 z
«n o o L2 =) ol < ooh =
s¢8 ~2g d 4l<oQ 5 God g 9]
Zlreg #758 2l amE=A fl=< 8 S
5
(33 ss o
] > [5)
S [} — 2L
3=
5 BEE 2 g
< QB@ &8 =1
a 23 CRSIR S ~ & 5
o= =] o BE — oE 8 g o
B gou 258 ZB83¥s o
2 s e ES A g=an §2— Q% g
< 8 o g A 887, ST BT
= o 2 I = - Il = "85 9 g o
15 v B e o S g8 =833 o
9 2 2
£ S g2 £E8 2ang BBegid |2
& & 2= = ZEn ANa2s L<oes 5
]
[ <
© & &
§ o™ £ %n
S O o
£ s =g TE 5
% w &5 8 9
Q| < 7] = o = o 2
Of 5, L NS Xxo. ETZ 8
m| o B = g, 23\3 =3 7]
§ | z 88 Bl P8 2
o) &
L o [t
T EH2 o 2
£ 8BS =
'O B P Q
] 282 5
§|x b +¥ £ ExlE S 5
Ol 5 - xQ E O‘“O'g@E ‘5
— = L o = o
e . Sa = 588355 | 8
| e Nea 2 S '3 a o0 e
'd
R - H
s 0 = Q
0 O 2 =i
S .0 5
X O ¥ a n
S g
ﬁ — = ° mE"'E "
« © ) - 00 % 185 35 @
. N o SlaB& © % Q <G 83 ¢ £
< ) 2 @Y E o) ol n<9mE £
ol N =35 ~ 3= PRV T gas 2
BN ) [ZR7) c ~ 7R — 3 &% 0 2
o <
£ X S
S @
= S = =
s - e «n — =
gl % IR 0 S " o o Co :
SIS > > x<Q  f 3 — X o s S Z
(SIS &3 F s|e g o s 8 787} B
— |3 L% PR 7 = i < s o
| e < @ 7R o) I n = —a 2
[=9
‘*;:l:°\° nE)
2820945 S
273:“0) -
S ° E o I3
8l % o s lsed 2
9| o = o nS 3065 g 4
LR ce £3 SRR
. ~ —
g < %& sz NDO O 0o/ 2
g 9A
S o ST = ; E
I o 4=} ) Q g ]
4 ] o) 0O
2 < , .0 = o ; 9
= = 673 = o I o 8 g
S| w88 o9 = 22
S5l—=] 88 &b m g& 3
S o 2o m = kel
s g o g =2 q
3 = 8 =
= 8 50 NR]
& »n & 5 o5 =
S &
E é’ L O I %
| u,>_;to.‘§‘ e Z.
N N Qo 2‘#‘ G
V 1%}
< o ¢ E g d56G 2 5]
= - — o =W — =
S % n & % n - 28 -2u -~ S
SIZ| & > o> Pl E‘ﬁ. — X 3 S BE B~ Xl 2
NI o 0 Sh @ g o s F = g’v-oezﬁ @ [
N [ p34] <t = = 58 8§ = E 2
§ N=) < o %] I N=) RN aE S don kg
bS] 26 9
= OE
S 2m
T 3 R
o bn Ao — 8
] o o el o =] [5} Q3
ez g8 s e 32 TZEE B S&E
~ 58 5 g 2 o83 B o Bl s T @
mi | E8  EB 5 EBEw cgp 8 F g3
Bl €% Eg % EsSS  SEg ERE 8 SE >
< = N N ] S g o8B XKo¥ 2 X% Zn
= = p= ] m o & N30 Mo n = o

80

The UGRS program (3,4) grades
boards whose length, width, and defect
types and sizes have been digitized. It
remanufactures lumber by either edging
and/or trimming or dividing a board into
as many as four smaller boards, pro-
vided that the total value is at least 1 cent
more than the original and the method
produces at least one higher grade
board. Through assignment of fixed cost
and/or processing costs it is possible to
specify any margin greater than 1 cent.
UGRS determines and retains the larg-
est increase in value.

Because the remanufacturing solution
is value based, two lumber price files
were used: one that is included with
UGRS (Price File A) and another that
reflects kiln-dried prices in April 1998
(Price File B). The values (in dollars) of
1,000 board feet (MBF) were:

Grad Price Fil Price File B

------- ($/MBF) - == ----
FAS 1,110 1,450
FIF 1,100 1,425
Selects 1,090 1,405
1 Common 700 1,050
2A Common 400 815
3A Common 335 680

The relative values of the Common
grades in comparison to the Selects and
better grades differ greatly between
Price File A and Price File B. In Price
File A, FAS is nearly three times as ex-
pensive as 2A Common; 1 Common is
nearly twice as expensive as 2A Com-
mon,; and the prices of FAS, F1F, and
Selects are similar. Price File B had
higher prices but the cost of FAS, FIF,
and Selects lumber is less than twice
that of 2A Common, and the price of 1
Common is only 25 percent higher than
that of 2A Common.

The results of edging and/or trimming
and division-based remanufacturing us-
ing Price File A are illustrated in Fig-
ures 1 through 3. The board in Figure 1
contains 13 BF and grades out to 1 Com-
mon with a value of $9.10. If edging
and/or trimming are used, the best solu-
tion is shown in Figure 2. By trimming
40 inches from the right end, the board is
converted to 10 BF of FAS with a value
of $11.10. We ignore remanufacturing
costs in this example. If division-based
remanufacturing is used, the best solu-
tion is shown in Figure 3. Three boards
will be produced with a total value of
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$13.49 obtained as follows: Board 1 is 5
BF of FAS with a value of $5.55; board
2 is 2 BF of 1 Common with a value of
$1.40; and board 3 is 6 BF of Selects
with a value of $6.54. Three estimates of
remanufacturing costs were used:

Fixed per board 1cent 10 cents 30 cents

Per linear foot
of sawkerf

1/2 cent 2 cents 5 cents

In effect, remanufacturing costs are a
charge below which no remanufacturing
will be done. That is, there will be no
remanufacturing unless the value of the
new board(s) minus the remanufac-
turing costs exceeds that of the original
board by at least 1 cent. A 10-foot-long
board that is ripped to two boards would
have a remanufacturing cost of 6 cents
when Cost File 1 is used, 30 cents when
Cost File 2 is used, and 80 cents when
Cost File 3 is used. Fewer solutions are
found as the cost of remanufacturing is
increased.

Three lumber inputs were used in a
gang-rip-first rough mill: 1) the well-
manufactured 1 Common and 2A Com-
mon 6-foot and longer 4/4 kiln-dried
lumber from the 1998 red oak data
bank; 2) higher grade lumber from edg-
ing and/or trimming; and 3) lumber re-
sulting from either the edging and/or
trimming method or division-based
remanufacturing, whichever had the
highest net value (combination method).
In the combination method, when the
values for edging and/or trimming are
the same as for the division-based
remanufacturing, the edging and trim-
ming solution is retained as it is typical
of the lumber preparation of well-run
sawmills. The division-based procedure
will become commonplace when scan-
ning and automated processing reach
their potential. Net value is the value of
the new board(s) less remanufacturing
costs.

The data-bank lumber was the input
for remanufacturing with the edging
and/or trimming and combination
methods. To better simulate sawmill
output, boards that could not be reman-
ufactured due to defect location or
insufficient quality were added. This
procedure minimizes the impact of re-
manufacturing, but represents a more
realistic condition.

169.5"

et o]
11.5"
A\ /
Face 1 Unsound Knots
169.5" / /
-t 7 ] i
11.5
Face 2

Figure 1.— Sample board forremanufacturing (notto scale): 13 BF of 1 Common.
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Figure 2. — Edging and/or trimming remanufacturing solution: 10 BF of FAS.

The ROMI-RIP Version 2.0 gang-
rip-first rough-mill simulator (6) was
used to develop clear-2-face yields and
values from the remanufactured data
sets. To simplify comparisons, we ran a
cutting bill with many short lengths and
narrow widths and several sizes of
glued-up panels (Table 2). We also used
an arbor with fixed saw spacings and the
capability to feed boards for optimum
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yield. This procedure assured that 2A
Common alone could be used to satisfy
the needs of the cutting bill. This is not a
study of arbor design or cutting bill
complexity. Comparisons of easy and
difficult cutting bills processed with all-
spacings-moveable and fixed-spacings-
best-feed arbors can be made using
straight and mixed 1 and 2A Common
lumber but without remanufacturing
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Figure 3. — Division-based remanufacturing solution producing: Board 1, FAS (5
BF); Board 2, 1 Common (2 BF); Board 3, Selects (6 BF).

(2). Copies of the software used in that
study are also available.

RESULTS
REMANUFACTURING

Remanufacturing by edging and/or
trimming amounts to making a large
board smaller to increase its grade and,
therefore, its value. Division-based re-
manufacturing amounts to making two
or more smaller boards with at least one
of the smaller boards being of higher
grade and the total value of all smaller
boards being greater than the original
board. However, descriptions of specific
results are not as straightforward be-
cause of interactions among factors such
as the price of various grades, the cost of
remanufacturing, and the length and
width distribution for various lumber
grades.

The 1 Common input was 883 boards
totaling 5,345 BF valued at $3,742 using
Price File A and $5,612 using Price File
B (Table 3). For 2A Common, the input
was 784 boards totaling 4,377 board feet
and valued at $1,751 for Price File A and
$3,566 for Price File B. Not surpris-
ingly, when remanufacturing costs were
low (as in A-1 and B-1), the greatest
amount of lumber was remanufactured
for the greatest increase in value. As
costs increased to 30 cents per board and
5 cents per foot of sawing (A-3 and B-3),
there were important decreases in the
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amount of material that could be reman-
ufactured. As a result, the percentage
increase in total value from the process-
ing is less.

The relationship among prices of vari-
ous grades of lumber at the time of
remanufacturing can greatly affect prof-
itability. When prices are relatively
close, as in Price File B, there is less
remanufacturing and the increase in
value of this work is much less. This is
true regardless of the remanufacturing
costs.

For the lumber prices and remanu-
facturing costs used in this study, the
percentage of lumber input that was
remanufactured ranged from 52.6 to
80.6 percent for | Common and 53.9 to
92.4 percent for 2A Common (Table 4).
The increase in value of output lumber
ranged from 7.4 percent to 21.7 percent
for 1 Common and 6.6 percent to 50.1
percent for 2A Common (Table 3).

Let’s examine the remanufacturing
process in greater detail. Some boards
can be remanufactured only by edging
and/or trimming and others only by
division. In general, edging and/or
trimming works best when defects are
on the edges or ends of the boards, e.g.,
(wane or end splits). Division-based
remanufacturing works best when de-
fects are located near the center of the
board; this is often the case with pith.

TABLE 2. — Cutting bill for ROMI-RIP
rough-mill simulations.

Part width Part length Quantity
......... (L)~ = wim e
Glued-up panels
4.5000 78.8750 30
4.5000 11.8750 125
6.2500 28.3750 30
17.6250 54.0000 26
20.6250 19.8750 125
22.5000 25.6250 26
Solid parts
1.5000 15.0000 240
1.5000 23.0000 1,550
1.5000 57.3750 250
1.8750 44.6250 300
2.6250 22.8750 100
2.6250 57.3750 215
3.8750 14.6250 105
3.8750 61.7500 44
4.2500 15.8750 125
4.2500 32.0000 44

For other boards, both methods produce
acceptable results. Recall that when the
dollar values are equal, edging and/or
trimming results are retained as the best
solution because this is what a well-run
sawmill can do today. Otherwise, the
best solution is the remanufacturing re-
sult with the highest net dollar value.

A summary of the number of “best”
results is given in Table 4. When the
price spread among the lower grades
was relatively wide (Price File A), edg-
ing and/or trimming produced more of
the best solutions, though the differ-
ences were not great at the higher
remanufacturing costs. When the price
differential among the lower grades
was relatively small (Price File B), divi-
sion-based remanufacturing became
important.

The sole output of edging and/or
trimming was boards of higher grades.
For 1 Common boards, this meant re-
manufacturing to Selects, F1F, or FAS.
The 2A Common would be improved to
1 Common or higher. For division-
based remanufacturing, at least one of
the new boards had to be of a higher
grade. The others could be 3A Common
and better. The value of new boards mi-
nus the costs of remanufacturing had to
exceed the value of the original board by
at least 1 cent.
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The grade distributions from the best
remanufacturing solutions are shown in
Table 5. In addition to Selects and F1F
boards, there was a considerable amount
of FAS lumber made from 1 Common
boards. Except for board dimensions,
Selects and F1F have about the same
quality (FAS on the better face, 1 Com-
mon on the poorer face). A surprising
number of Selects and FIF boards were
produced from 2A Common.

An examination of the number of
boards and board feet produced by grade
shows that individual boards from edg-
ing and/or trimming had a larger volume
on average (Table 5). There was more
total board footage produced by divi-
sion-based remanufacturing for all price
and cost combinations. Howeyver, to ob-
tain the higher grades, some lower-grade
boards, including 3A Common, were
produced. When the price range among
the grades was wide (Price File A), there
was a greater opportunity to find higher-
valued solutions. An important factor
when grade prices differ greatly is that
smaller boards of higher grade and value
can be found within the larger boards.
Along with other smaller boards of
lower grade, a larger overall net value
increase can result. This works well for
division-based remanufacturing.

The lumber from remanufacturing
was regraded with UGRS to determine
the maximum percentage of the surface
that could be found in the maximum al-
lowable number of grading cuttings.
The surface measure of the new boards
was noted. As shown in Table 6, the
nonremanufactured boards (last two col-
umns) always were smaller on average
than the data bank boards from which
they came (top row). The remanufac-
tured boards also were slightly lower in
quality, as they were the remanufac-
turing residuals. Where there was rela-
tively little remanufacturing (Price File
B and Cost File 3), the data sets con-
tained more of the original 1 Common
or 2A Common boards.

The 1 Common boards resulting from
the combination method of remanu-
facturing 1 Common had a lower aver-
age surface measure but a higher quality
than the 1 Common boards from either
the edging and/or trimming method or
combination method of remanufacture
for 2A Common. In the first case, the
new 1 Common boards are a byproduct
of remanufacturing to a higher grade

FOREST PRODUCTS JOURNAL VoL. 50, No. 2

784 boards).

883 boards; 2AC =

Remanufactured output

TABLE 3. — Effect of lumber prices and remanufacturing costs on output lumber values (1C

Total value

Not remanufactured

No.

Percent
increase

Net remanufacturing
Non remanufacturing

Net

value

Remanufacturing

Cost No.

Price

Value
R R ) R

of BF
(BF)

cost

Value

of BF
(BF)

Value file file

Input
(BF)

Grade

(%)
21.7

®
3,742

4,554

726
1,042
1,506
1,977
2,135
2,658

1,037
1,489
2,152
1,883
2,033

3,828
3,394
2,706

27

3,855

3,841

5,345
5,345

1C

18.5

4,436

116

271

3,510

3,506
2,945

3,742
3,742
5,612

12.6

4212

2,977

5,345

11.5

6,256

4,279

19
98
191

498

3,352

5,345

9.9

6,167
6,025

4,032

4,130
3,558

3,194
2,714

5,612

5,345
5,345

7.4

2,531

3,367

5,612

50.1

2,628

133

332
451

2,495

23
127
268

2,518

3,287

1,751

4,377

2AC

435

2,512

180
374
1,063
1;191

1,641

2,332

2,459

3227

1,751

4,377

31.8

2,307

935
1,305
1,462
2,015

1,933
2,940
2,737

2,201

2,867

1,751

4,377

12.3

4,003

16

2,956

2,788

B
B
B

3,566
3,566
3,566

4,377

10.2

3,928

85
164

2,822

2,325

2,643

4,377

6.6

3,802

2,161

2,155

4,377




TABLE 4. — Influence of lumber price and remanufacturing cost on type of remanufacturing that pro-

duces the highest valued solutions.

Grade Price Cost Type of No. of best No. of BF Percent
and amount file file  remanufacturing® solutions processed of input

(BF) (%)

A 1 E/T 377 2,053 38.4

Division 277 2,255 42.2

Total 654 4,308 80.6

2 E/T 276 1,675 313

Division 266 2,181 40.8

Total 542 3,856 72.1

3 E/T 231 1,454 27.2

1 Common, Division 213 1,739 325

883 boards, Total 444 3,193 59.7

5,345 BF

B 1 E/T 162 1,017 19.0

Division 307 2,445 45.7

Total 469 3,462 64.7

2 E/T 167 1,063 19.9

Division 283 2,249 42.1

Total 450 3,312 62.0

3 E/T 146 975 18.2

Division 225 1,839 344

Total 371 2,814 52.6

A 1 E/T 359 1,807 41.3

Division 337 2,238 511

Total 696 4,045 92.4

2 E/T 349 1,777 40.6

Division 323 2,149 49.1

Total 672 3,926 89.7

3 E/T 294 1,596 36.5

2A Common, Division 274 1,846 42.2

784 boards, Total 568 3,442 78.7

4,377 BF

B 1 E/T 169 894 20.4

Division 334 2,178 49.8

Total 503 3,072 70.2

2 E/T 168 904 20.7

Division 304 2,011 459

Total 472 2,915 66.6

3 E/T 138 776 17.7

Division 229 1,586 36.2

Total 367 2,362 53.9

*E/T = edging and/or trimming; Division = division-based remanufacturing.

(1 Common input); in the second case,
the new 1 Common may well be the
objective of the remanufacturing (2A
Common input).
ROMI-RIP ROUGH-
MILL SIMULATIONS

It is important to understand the basic
differences between the remanufac-
turing results given earlier and the
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rough-mill simulation results presented
here. Previously, we analyzed the “best”
solutions by the edging and/or trimming
and the combination method for the en-
tire runs on the 6-foot and longer boards
from the data bank. For the rough-mill
simulations, we analyzed only the
amount of randomly selected lumber
from remanufacturing that was needed

to satisfy a cutting bill. Further, in the
rough-mill simulations, the edging
and/or trimming solutions were used
whether or not they are superior to any
possible division-based remanufactur-
ing solutions. This procedure simulates
the output of a conventional sawmill
that emphasizes grade output over vol-
ume output. The combination method
used here is similar to that described
previously in that the highest net dollar
value solution is retained, and, where
the division-based and edging and/or
trimming solutions are equal, the latter
solution is retained.

Recall that the data-bank boards that
could not be remanufactured were
added to the remanufactured results be-
fore the rough-mill simulations were run
to better estimate sawmill output. As
remanufacturing costs increase, the
number of remanufacturing solutions
decreases (Table 3). One result is that
ROMI-RIP data files become more like
those from the original data bank. There
was relatively little remanufacturing
when Price File B and Cost File 3 were
used; these data sets contained mostly
original 1 Common or 2A Common
boards.

ROMI-RIP continues to draw boards
from data files until all of the parts and
panels in the cutting bill are produced.
The number of boards and board feet are
a measure of the size and quality of the
input raw material. ROMI-RIP draws
more boards of lower quality or smaller
size to meet cutting bill requirements.
Although, all of the boards in a data file
will not be used, each board in the origi-
nal data set has an equal chance of being
selected because of randomization. We
will examine the remanufacturing vari-
ables that give the largest and smallest
increases in total value for the 1 Com-
mon and 2A Common input lumber
grades (Table 3). For both 1 Common
and 2A Common input lumber, the larg-
est total value increase was obtained
with Price File A and Cost File 1 (A-1);
the smallest was obtained with Price
File B and Cost File 3 (B-3).

The results of ROMI-RIP rough-mill
simulation runs by grade are given in
Table 7 and summarized for all grades
in Table 8. Only the primary gang-
ripping yields are shown. These are
rough dimension parts that are produced
by crosscutting full-width, gang-ripped
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TABLE 5. — Summary of output lumber by grade from best remanufacturing solutions.

BeEmiL FAS F1F Selects 1@ 2A 3A
Grade and Price Cost facturing No. of No. No. of No. No. of No. No. of No. No. of No. No. of No.
amount file file method® boards of BF boards of BF boards of BF boards of BF boards of BF boards of BF Total BF
(BF) (BF) (BF) (BF) 16:] 2 (BF)-------
A 1 E/T 45 316 97 621 235 786 -- -- -- -- -- -- 1,723
Division 42 260 52 281 8 836 183 550 3 8 s 108 2118
Total 87 576 149 902 483 1,622 183 550 39 83 45 108 3,841
2 E/T 42 298 89 581 145 564 -- -- -- -- “= s 1,443
Division 40 240 56 313 28 809 171 524 39 8 38 94 2,063
Total 82 538 145 894 373 1,373 171 524 39 83 38 94 3,506
3 E/T 45 314 81 540 105 420 -- -- -- -- = -- 1,274
i6 Division 41 249 _46 262 170 _622 133 415 34 69 2 54 L671
833 boards, Total 86 563 127 802 275 1,042 133 415 34 69 22 54 2,945
5,345 BF
B 1 E/T 30 200 64 421 68 293 -- -- -- == e -- 914
Division 50 294 70 388 233 82 155 516 119 305 a5 113 2438
Total 80 494 134 809 301 1,115 155 516 119 305 45 113 3,352
2 E/T 35 228 69 455 63 271 -- -- -- -- -- -- 954
Division 49 299 68 374 207 _732 142 a71 110 280 34 84 2240
Total 84 527 137 829 270 1,003 142 471 110 280 34 84 3,194
3 E/T 33 220 61 438 52 225 -- -- -- -- - -- 883
Division 48 289 & 342 147 550 124 414 7 180 21 56 1831
Total 81 509 123 780 199 775 124 414 7 180 21 56 2,714
A 1 E/T -- -- 35 176 149 443 175 678 -- -- -- -- 1,297
Division - - 19 o1 174 503 a2 648 114 269 185 479 1990
Total -- -- 54 267 322 946 387 1,326 114 269 185 479 3,287
2 ET -- -- 32 167 141 428 176 705 -- -- -- -- 1,300
Division - -- 19 8 162 477 200 _625 102 251 187 485 1927
Total -- -- 51 256 303 905 376 1,330 102 251 187 485 3227
3 ET -- -- 32 169 111 351 151 678 -- -- -- -- 1,198
24C, Division -~ -- 19 o4 142 a8 10 5% 7 191 152 40 1669
784 boards, Total -- -- 51 263 253 769 321 1,234 76 191 152 410 2,867
4,377 BF
B 1 E/T -- -- 22 114 90 277 57 300 -- -- -- -- 691
Division - - 17 84 144 40 205 652 168 498 168 423 2,097
Total -- -- 39 198 234 717 262 952 168 498 168 423 2,788
2 E/T -- -- 22 114 83 256 63 339 -- -- -- -- 709
Division -~ -- 17 84 138 424 181 594 156 458 145 34 1934
Total -- -- 39 198 221 680 244 933 156 458 145 374 2,643
3 E/T -- -- 17 90 66 212 55 318 -- -- -- -- 620
Division - -- 18 88 105 344 131 466 123 EE] 9% 264 1535
Total - - -- 35 178 171 556 186 784 123 373 98 264 25155

2 E/T = edging and/or trimming; Division = division-based remanufacturing.



strips. The additional yield from salvage
was less than 2 percent.

It is important to understand what is
contained under each lumber-grade
heading in Table 7. Consider the grades
that are produced from the 1 Common
lumber input. With edging and/or trim-
ming, a large 1 Common will not be pro-
cessed to a smaller 1 Common board.
Therefore, the 1 Common boards shown
for edging and/or trimming are non-
remanufactured boards drawn by ROMI-
RIP from the randomized 1 Common
sample. For the combination method,
the 1 Common boards are a combination
of both smaller 1 Common from divi-
sion-based remanufacturing and non-
remanufactured 1 Common boards.
Similarly, the 2A Common boards for
edging and/or trimming 2A Common
input lumber are nonremanufactured
boards. For the combination method,
the 2A Common are a mixture of
smaller 2A Common from division-
based and nonremanufactured 2A Com-
mon boards.

It is interesting to note that the yield
values for the same remanufactured
grade generally are lower when the
boards are remanufactured from 2A
Common; that is, the primary yield of
FIF from 1 Common was higher than
the primary yield of the FIF from 2A
Common and so on. Primary yield val-
ues become similar with 2A and 3A
Common. At least part of the reason is
shown in Table 6, which was developed
using the UGRS program. The best
measure of the quality of FAS and the
Common grades is to determine the
maximum percentage of surface mea-
sure in the maximum number of grading
cuttings allowed by NHLA (5). This
does not change the initial grade deter-
mined by UGRS but is a better predictor
of utility. A grading cutting occurs on
the poorer face of the FAS and Common
boards, and defects on the opposite side
of the cuttings must be taken into ac-
count. For FIF and Selects, this maxi-
mum has no meaning because each face
is graded separately, and what is on one
face has no effect on the grading cuttings
of the other.

Recall that edging and/or trimming
produces a single board that is smaller
than the lower grade board from which it
came. Also, recall that the division-
based remanufacturing part of the com-
bination method produces at least two or
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more smaller boards and that only one of
these must be of a higher grade. Also,
FAS and FIF can come only from the
larger lower grade boards as the FAS
and F1F minimum dimensions for
kiln-dried boards are 5-3/4 inches by 8
feet. From 1 Common, the second board
will be a small Selects or poorer board.

The higher yields of the F1F and Se-
lects from 1 Common input may reflect
some of the reasoning just described.
However, for these grades, it is more
likely that boards in these grades from
2A Common just made the grade. From
1 Common, a different set of conditions
comes into play. No. 1 Common may
contain a better face that just fails to
meet the minimum requirements for
FAS. This could be due to such factors
as insufficient surface area in the grad-
ing cuttings in combination with the
board’s surface measure or downgrad-
ing defects such as knots or splits in the
first foot of the board. Perhaps there is
too much wane. Simple edging and/or
trimming might easily produce F1F or
Selects boards from 1 Common.

Another example is excessive pith on
the better face of a 1 Common board.
Division-based remanufacturing might
well remove enough of this defect to al-
low an upgrade. If the 1 Common or
poorer face in these examples also can
be improved sufficiently, an FAS board
could result. The final board(s) will be
the result of the interactions of initial
board quality, relative prices among the
grades, and remanufacturing costs.

Let us view Table 8 from the point of
view of a lumber consumer. Considering
only lumber prices, the cutting bill can
be satisfied with 3,007 BF of No. 1
Common valued at $2,105 (Price File A)
or $3,157 (Price File B). If this 1 Com-
mon is purchased after being reman-
ufactured, the lumber cost using Price
File A values will be increased from
20.3 to 28.0 percent depending on
remanufacturing costs. When Price File
B prices are used, the increase is from
11.0 to 13.9 percent depending on re-
manufacturing costs. Remember, there
is much less remanufacturing done with
Price File B values. While the yield from
the combined grades from remanufac-
turing are about the same as the original
1 Common boards from which they
came, the number of boards usually is
greater, particularly when both edging
and/or trimming and division-based

TABLE 6. — Average surface measure (SM) and grading surface area for edging and/or trimming and combination methods of remanufacturing for selected price and cost files.

Selects 1C 2AC 3AC Non-remanufactured
Avg.
SM

FIF

FAS

Avg. max.
grading area

Avg. max. Avg. Avg. max.
grading area SM grading area

Avg.
SM

grading area

Avg. max. Avg. Avg. max.
grading area SM

Avg.
SM

Avg. max.
grading area

Avg. max. Avg.
grading area SM

Avg.
SM

Method

82.8 5.6 66.7 42 45.8

3.6 6.0

77 94.5 73

Data bank
No. 1 Common

81.3

5.6
5.6

4.1

79 96.0 6.7
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TABLE 7. — Cost and amount of remanufactured lumber used to meet needs of rough-mill cutting bill.

Rz FAS FIF Selects
Input facturing Price No. No. of Primary No. No. of Primary No. No. of Primary
grade method cost file of BF Cost boards yield of BF Cost boards yield of BF Cost boards yield
(BF) ® (BF) (BF) ® (BF) (BF) ®) (BF)
1C None A-1
1C None B-3
1C E/T? A-1 324 360 38 73:95 424 466 56 67.63 348 379 78 68.46
1C E/T B-3 298 432 35 71.28 438 624 57 66.40 166 233 34 68.64
1C Combination A-1 396 440 55 74.52 477 525 70 67.91 664 724 161 68.89
1C Combination B-3 338 490 54 75.73 417 594 66 70.25 445 625 112 67.10
2AC None A-1
2AC None B-3
2AC E/T A-1 244 268 42 60.84 546 595 138 60.45
2AC E/T B-3 149 212 23 63.09 254 357 63 60.33
2AC E/T A-1 228 250 39 63.09 745 812 211 61.72
2AC E/T B-3 163 232 29 60.11 494 694 133 61.88
R 1 Common 2A Common 3A Common
Input facturing Price No. No. of Primary No. No. of Primary No. No. of Primary
grade method cost file of BF Cost boards yield of BF Cost boards yield of BF Cost boards yield
(BF) ® (BF) (BF) ® (BF) (BF) ® (BF)
1C None A-1 3,007 487 65.41
1C None B-3 3,007 487 65.41
1C E/T A-1 1,896 1,327 333 63.61
1C E/T B-3 2,110 2,216 365 64.42
1C Combination A-1 1,395 976 299 61.74 40 76 19 53.14 377 13 14 41.30
1C Combination B-3 1,697 1,782 360 62.10 100 82 41 54.32 35 24 14 39.29
2AC Nonz A-1 3,530 621 55.39
2AC Nonz B-3 3,530 621 55.39
2AC E/T A-1 1,684 674 318 52.19
2AC E/T B-3 2,493 2,032 451 53.92
2AC E/T A-1 992 397 249 51.41 366 123 128 40.29
2AC E/T B-3 2,034 1,658 454 52.17 217 148 81 41.04




TABLE 8. — Effects of remanufacturing on lumber requirements and costs to satisfy needs of a simple gang-rip-first, rough-mill cutting bill.

Input Remanufacturing Price/cost No. No. of Primary Total Increase in cost

grade method file of BF boards yields cost of lumber
(BF) (BF) ® (%)

1C None A-1 3,007 487 65.41 2,105

1C None B-3 3,007 487 65.41 3,157

1C E/T? A-1 2,993 505 65.86 2,532 20.3

1C E/T B-3 3,011 491 65.62 3,505 11.0

1C Combination A-1 3,010 618 65.61 2,694 28.0

1C Combination B-3 3,032 647 64.95 3,697 13.9

2AC None A-1 3,530 621 55.39 1,412

2AC None B-3 3,530 621 55.39 2,871

2AC E/T A-1 3,526 682 55.48 2,273 61.0

2AC E/T B-3 3,550 633 55.20 3,288 14.3

2AC Combination A-1 3,556 903 55.20 2,420 71.4

2AC Combination B-3 3,613 854 54.40 3,472 20.7

*E/T = edging and/or trimming.

remanufacturing are used. In addition,
the costs of handling and processing
may be higher.

What are the rough-mill lumber costs
of meeting the cutting bill needs from
standard lumber without remanu-
facturing and from boards subjected to
remanufacturing? The amount of 1
Common lumber required was always
less than 2A Common but the lumber
costs always were greater (Table 8). The
percentage increase in costs of remanu-
factured lumber from 2A Common was
much more than the increases from 1
Common. This means that there was
more remanufacturing to relatively
higher value from the 2A Common.
When remanufacturing costs were small
(Cost File 1) and price differences
among the grades were large (Price File
A), the increase in total lumber cost was
61 percent for edging and/or trimming
and 71.4 percent for combination re-
manufacturing from 2A Common.
When the lumber price differences were
smaller (Price File B) and remanu-
facturing costs higher (Cost File 3), the
increase in lumber costs was much
smaller (14.3 percent from edging
and/or trimming to 20.7 percent for the
combination method).

DiscussIiON

This work was done on a large set of
digitized boards (1). These straight
boards were collected by several people
from several companies in several states
over a period of several years. We be-
lieve they represent the quality of
well-manufactured boards that have
been available in the marketplace, that
is, they have been “...edged and trimmed
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carefully to produce the best possible
appearance while conserving the usable
product of the log” (5). We underesti-
mated the amount of remanufacturing
that was possible. And with boards con-
taining crook or side bend or with
boards that are less well manufactured,
the potential for remanufacturing should
be even greater.

The amount of remanufacturing that
can be done profitably depends on
lumber market conditions and the costs
assigned to the process. It is the price re-
lationships among the grades that is
most important. As the range of prices
narrows, the ability to remanufacture
profitably diminishes. Few people have
any accurate knowledge of the manufac-
turing costs to be assigned.

Remanufacturing should become a
more important factor as scanning and
automated processing become more ef-
fective and commonplace, that is, unless
the headrig is operated with scanning
and computer control for grade recov-
ery. Then, the largest board of the high-
est grade will be produced but, on aver-
age, the boards probably will be at the
low end of the quality scale in each
grade, because the software probably
will emphasize the entry level of each
grade.

Remanufacturing represents a definite
advantage to the lumber producer but
could have a negative influence on the
lumber markets. One adverse effect is
that the consumer will purchase smaller
lumber at a higher cost, which would re-
quire more handling for less yield and
might have a negative impact on
throughput. Remanufacturing also may

have a negative impact on the lumber
grades themselves. A basis of the
NHLA grades is that the entire range of
quality within a grade is available. If the
better boards are remanufactured, this
assumption is no longer valid.

This paper is the first effort with new
computer grading, remanufacturing,
and rough-mill processing software.
Our purpose was to examine the
remanufacturing potential of 1 Common
and 2A Common lumber that was well
manufactured originally. The actual ef-
fects on the higher grades (Selects and
better) will be less than shown here as
we excluded the higher grades con-
tained in the data bank in our rough-mill
simulations. Further, for analytical pur-
poses, we separated the 1 Common and
2A Common input from the subsequent
remanufactured output. This would not
occur in a rough mill.

The reader can gain much from inde-
pendent study of the tables. Of greater
importance, the reader can obtain the
software used to conduct this study and
develop different comparisons from the
ones reported here. For the first time, it
is possible to accurately grade and re-
manufacture lumber from digitized data
while taking into account the relation-
ship among lumber grades and the costs
of processing to rough-dimension parts
in gang-rip-first or crosscut-first rough
mills. For a copy of the 1998 red oak
data bank, UGRS and/or ROMI RIP soft-
ware, contact the Northeastern Research
Station, Forestry Sciences Laboratory,
241 Mercer Springs Road, Princeton,
WV 24740, (304) 431-2700.
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