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Abstract
Historically, sawtimber has been bought

and sold by the board foot , but now cubic
scaling of logs and timber has begun and is
scheduled to entirely replace board-foot scal-
ing by 1985 in sales from National Forests .

In board-foot scaling of sawlogs , the
conte ’~ts are estimated by measurement of
small -end diameter and log length, and
reference to log rule. The actual lumber
recovered usually exceeds the estimate by a
factor known as “overrun.” Increasing taper
has been shown to increase overrun when
logs have been board-foot scaled. The exact
opposite occurs when the logs are cubically
scaled.

Through the medium of mathematical
modeling, this study defines the degree of
change to be expected from either scaling
method as taper is increased. Several ex-
amples are developed to explain the use of
the tabular and graphic data presented.
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COMPARING By
LUMBER YIELDS HIRA M HALLOCK ,
FROM BOARD-FOOT Research Forest Products

PHILIP STE ELE ,
SCALED LOGS Forest Products Technologist’

and
RI CHARD SELIN ,

Computer Programmer’
Forest Products Laboratory ,2
Forest Service
U.S. Department of Agriculture

Introduction to replace the board-foot rules as a means of
establishing fair market value for logs in the

Historically in North America , the value near future . The U.S. Forest Service has
of individual logs has been expressed in begun using cubic scaling in some of their
terms of monetary value per board foot of timber sales and hopes to be using it ex-
lumber they are expected to yield. Because clusively by approximately 1985.
the valuation normally preceded the actual The most widely used of the several
sawing of the log to lumber , it was necessary mathematical systems for calculating cubic
to develop a system of measurement that contents of logs is Smallan’s formula (1).
could estimate the bOard-foot yield using This formula assumes the cubic contents of
available log diameter and length informa- a log can be closely estimated by multiplying
tion. the average of the areas of the two ends of

Most of the board-toot scale r,ules (1)~ the log in square feet by the length of the log
used in log transactions show estimated vol- in feet.
umes somewhat lower than the actual tally of There is a fundamental difference in the
lumber , resulting from sawing the log in all two systems that requires full understanding
but the most inefficient mills. This difference by both buyer and seller if fair market value is
is commonly known as overrun an~t may vary to be established.
from 0 to 400 percent depending on the logs, Basically any differences in taper of logs
the mill, and the log rule being used. is ignored when board-foot rules are used, as

Another method of scaling logs, based the log’s diameter on the small end and its
on their total cubic foot volume, is expected length are the only variables considered.

Steele is a member of the State and Private Forestry
staff located at the Forest Products Laboratory.
Selin was a member of the Young Adult Conserva.
tion Corps, working for State and Private Forestry.

‘ Maintained In Madison, Wis., In cooperation with the
University of Wisconsin.

Italic numbers in parentheses refer to literature cited at
end of this report.



When logs are Cubically scaled, both end ranged in diameter from 5.6 to 20.4 inches by
diameters are considered and thus taper is 0.2-inch increments , in length from 8 to 24
accounted for in calculating the log’s cubic feet by 2-foot increments , and in taper from 1
volume, to 5 inches per 16-foot length by 1-inch incre-

It has been shown by Dobie (2) that al- ments. All of the 3,330 log combinations
though logs with higher tapers yield more were computer sawn—i.e., by the mathemati-
lumber for any given small end diameter , cal modeling of the sawing method, using
they yield less lumber per cubic foot of ac- the full taper fixed fence method. This is the
tual log volume. Stated another way—when most widely used sawing method in which
logs are to be scaled by board-foot log rules, side lumber and a cant are developed in a
within reasonable limits, the higher the taper plane parallel to one face of the log. The cant
the more Iumber the sawmill operatorwill get is then sawn by suitable means such as a
for his log investment. On the other hand, If rotary gang in a plane 900 opposed to the
cubic scale is used, his lumber yield per first breakdown and also parallel to the out-
cubic foot of log scale will be reduced as side log face. The cant is processed against
taper increases. Thus, we see taper as an a fence at a fixed distance from the first saw
asset on one hand and a liability on the other in the rotary gang.

This factor is probably recognized by Conditions specified in the BOF simula-
most people engaged in the sale of timber tion were as follows: AU lumber was edged
What is not known is the actual mathe- full length of the flitch allowing a maximum
matical relationship of taper to both of 25 percent wane according to the National
systems. Because of this, a great deal of Grading Rule (6). The smallest piece of
uncertainty in trying to establish fair market lumber sawn was 4 inches wide and 8 feet
value for timber sold on a cubic basis—espe long. The setting increments were 1/16 inch.
cially in contrast to the board-foot rule Headsaw kerf (vertical) was 0.165 inch. Cant
basis—will result breakdown kerf (horizontal) was 0.134 inch.

This study has analyzed the problem of Sawing variation ranged from 0.063 to 0.125
taper and defines the degree to which taper inch (table 1). The BOF program positioned
affects the yield from logs scaled by both the fence for 4- and 6-inch cants such that a
systems nominal 4-inch by 8-foot face with maximum

allowable wane would be produced if the
The Study cant had come from a log of 4.6 inches in

diameter. On cants 8 inches and larger, the
The recent development of the Best fence position was such that the 4-inch by 8-

Opening Face (BOF) computer sawing pro- foot or longer face would be produced if thegram (3,4,5), whIch can simulate almost any cant had come from a log 8.8 inches in
method of softwood log breakdown, has diameter. These two log diameters are the
made possible a precise analysis of the ef - smallest that will produce an acceptable 4-
fect of taper on yield. The BOF program finds
the saw line placement resulting In the maxi- T.b~ l.—Lum~ , sizes and sizing factor values
mum yield for any specific log when sawn by 

S N I ~~ ~~ ~~~ ROUIh
a given set of actual or hypothetical sawing ‘~~~~ ‘°° °“i’

~° ~~~~~ 
or vanatioii green

conditions. Thus, by specifying all of the In 

sawing conditions and using the BOF pro- Thickness 1 0 750 0 12 1 0.027 0.063 0960

gram on a given range of log diameters,
lengths, and tapers, the effec t of taper ~.an be Width 4 3.500 153 .113 109 3 875

6 5 500 153 .175 109 5938evauuate.j . 8 7.250 146 229 .1 25 7 750
10 9.250 147 291 .125 9.813

Proc dur 12 11.250 148 352 125 11875
Oressiag illowances wry bicause at the necessity of basing rough greenThe logs studied were of a sIze corn- 

~~~~~~ ~ a multiple of the 1/16-in setting increments In
monly converted to softwood dimension lum- the c,se of w,dttis, tlie w,dthlwuthout keif) must be a 1/16-in multiple Wood
ber in so-called “small log” mills. They a~ ed tc obtavn fllel/I6-in multipie is remoned in thedrensing openation

I
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and 8-inch cant with the sawing conditions is the yield that a mill would expect If they
used. sawed straight logs with 1 inch of taper per

Both 4/4-inch and 8/4-inch lumber were 16 feet of length.
cut in the vertical plane but the 4/4 was For board-foot yields, the lumber yields
limited to the first cut on the log and possibly calculated by the BOF computer mode’ for
the last cut, if in so doing the recovery was each diameter, taper, and length class were
higher than would result from 8/4. On the divided by the BOF yields developed from
cant (horizontal plane) for full-taper cant saw - logs for each diameter and length but with a
ing, the 4/4 was limited to the last cut op- constant taper of 1 inch per 16 feet. This
posite the opening face if it proved ad- gives the ratio termed “Percent of Change”
vantageous as compared to a final 8/4 cut . All in figure 1. This ratio can then be applIed as
other lumber was 8/4. Widths Cut were is shown in the examples that follow to any
nominally 4, 6, 8, 10, and 12 inches. The ac- log rule to estimate changes in yield that a
tual widths and thicknesses cut , together . change in taper would give rise to in a
with dressing allowances, shrinkage, and diameter and length class.
sawing variation , are shown in table 1. Cubic foot (LRF) figureé were obtained

The BOF program tried all possible cant by first computing LRF based on the calcu-
sizes for each log. Four- and 6-inch cants had lated BOF yields. The BOF yields were calcu-
to yield at least two pieces of 8/4, while 8-, lated in this case for each diameter class
10-, and 12-inch cants had to yield at least (length was not found to be a significant fac-
three pieces of 8/4 . The cant size giving the tor in the cubic calculations) again with the
highest board-foot yield was selected. taper of 1 inch per 16 feet held constant

“Percent of Change” was then calculated by
Results dividing the LRF’s for each taper class by the

LRF fcom the class for 1 inch per 16 feet.There are several ways the results of this
study could have been presented. We chose In considering logs scaled by board-foot
to relate both the cubic and the board-foot rules, it is apparent that lumber yields in-
scale yields to the mill’s present recovery for creased rather dramatically as taper in-
good logs with 1 inch of taper per 16 feet of creases. For example, in the 10-Inch diam-
length. This choice simplifies the tables eter, 16-foot class, the increased recovery
because it avoids the situation where both with increased taper is: 2-inch taper = 4.8
positive and negative correction factors oc- percent , 3-inch taper = 10.6 percent, 4-inch
cur in each of the two systems. In other taper = 17.3 percent, and 5~inch taper = 23.1
words, it makes the taper adjustment factors percent. It is also evident that this increase is
all positive for the board-foot .scàle data and highest for long logs and lowest for shorter
all negative for the cubic scale data. Adjust- logs. Again, in the 10-inch diameter class, the
ments can be made from basic tapers other Increase In the 5-inch taper class for 24-foot
than 1 inch and the methodology is de- logs is 42.6 percent, the 20-foot logs 33.1 per-
scribed later. cent, 16-foot logs 23.1 percent , and 12-foot

The effect of taper on board-foot recov- logs 11.7 percent. Yield increases due to
ery for both board-foot and cubic scaled logs taper decrease as diameter increases. As an
is presented (fig. 1) for representative example, refer to the 16-foot length and 3-
diameter classes. In addition, for the board- inch taper values. At 6-Inch diameter, the in.
foot scaled logs, four representative lengths creased yield is 20.6 percent , at 10 inches it
are shown (upper half of each graph). Length Is 10.6 percent, at 16 inches It is 6.6 percent,
was not found to be a significant factor in and at 20 inches it is 5.4 percent.
relation to lumber recovery factors (LRF) and When the lumber yield per cubic foot
so yields for all lengths are combined and the (LRF) is evaluated in terms of the effect of
average is shown in the cubic (lower) half of taper and diameter, It is found that the re-
the graph. suits are quite opposite. Again, referring to

The zero or base line (between board- the 10-inch diameter graph (fig. 1), logs with 2
foot scale and cubic scale on the graph) inches of taper yield 5.7 percent less per
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Figure 1.—This series of graphs compares the effect of taper on absolute board-foot yield when
logs are scaled by conventional board-foot log rules (above the “0” y axis) and on LRF (below
the “0” axis) when logs are scaled cubically for logs of 6 to 20 inches In diameter.4
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Figure 2,—The effect of log diameter on the absolute yield when logs are scaled by conventional
board-foot log rules (above the “0” y axis) and on the LRF when the logs are cubically scaled
for taper of i to 5 inches per 16 feet, All logs are 16 feet in length. (M 146 627)

cubic foot than logs with 1 inch of taper; with foot scaled logs and losses in cubic foot logs
3 inches of taper the loss is 9.3 percent , with are highest at the smallest diameter and
4 inches of taper 13.6 percent , increasing to lowest for the largest diameter. For example ,
17.3 percent with 5 inches of taper. Losses gains in board-foot-scaled 5-inch-taper logs
decrease as diameter increases . Considering decline from 41.2 percent at 6 inches to 11.2
the 3-inch taper class as an example, the loss percent at 20 inches. Comparable values for
for 6 inches in diameter is 12.4 percent , for cubically scaled logs are — 23.3 percent at 6-
10-inch diameter 9.3 percent , for 16-inch inch diameter and —8.7 percent at 20-inch
diameter 6.3 percent , and at 20 inches the diameter.
loss is 5.0 percent, The actual percentages of additional

It should be emphasized that all values lumber yield with increasing taper for all the
shown are changes In the recovery compared study logs are shown in table 2. The reduc-
to logs with 1-inch taper per 16 feet. tion percentages for increasing taper when

Figure 2 summarizes the yield gains and logs are cubically scaled are presented in
losses by 1-inch diameter classes for the 16- table 3.
foot log length and taper classes of 1 to 5 in- The actual board foot and LRF data from
ches per 16 feet. Again, the “0” base line is which the percentages were calculated are
the yield from logs with 1-inch taper per 16 gIven in table 4.
feet. It is quite obvious that gains from board- The LAF and board-foot values in table 
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Tab le 2.—Increase In board-foot yields for logs 6 to 20 inches in diameter, 8 to 24 feet In length, and with taper I to 5
inches per 16 feet. The yield at 1-inch taper is used as the base line. All yields are expressed as percentages.

PERCENTAGE YIELD ABOVE YIELD AT 1 INCH TAPER LEVEL

DIAMETER TAPER LENGTH (FT.)
(IN.) (IN.) 8 10 12 14 16 18 20 22 24
6.0 1 .0 . .0 .0 .0 .0 .0 .0 .0 .0

2 .0 10.5 8.3 10.3 11.8 15.4 13.3 16.0 18.2
3 .0 10.5 16.7 17.2 20.6 25.6 26.7 30.0 40.0
4 .0 15.6 20.8 27.6 32.4 35.9 44.4 56.0 63.6
5 .0 15.8 25.0 37.9 41.2 53.8 66.7 78.0 90.9

7.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 .0 .0 5.7 4.8 8.3 9.1 1113 13.0 14.5
3 .0 3.4 8.6 9.5 14.6 16.4 22.6 30.4 35.5
4 .0 6.9 17.1 19.0 25.0 32.7 38.7 44.9 51.3
5 .0 10.3 17.1 23.8 37.5 45.5 51.6 60.9 72.4

8.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 .0 .0 4.3 5.5 4.7 9.7 12.2 15.6 16.0
3 .0 .0 6.4 9.1 15.6 20.8 22.0 26.7 28.0
4 .0 5.1 10.6 20.0 23.4 29.2 32.9 41.1 46.0
5 .0 7.7 14.9 27.3 32.8 41.7 46.3 55.6 60.0

9.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 .0 2.0 1.6 2.8 4.8 7.4 9.5 10.3 10.9
3 .0 2.0 4.9 9.7 12.0 16.0 19.0 21.4 24.0
4 .0 4.0 9.8 15.3 19.3 24.5 29.5 33.3 37.2
5 .0 6.0 14.8 19.4 26.5 33.0 39.0 45.3 49.6

10.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 .0 .0 1.3 3.3 4.8 4.2 6.0 7.4 9.9
3 .0 1.6 5.2 7.7 10.6 12.8 16.5 18.2 20.4
4 .0 3.1 7.8 13.2 17.3 20.2 24.1 26.4 31.5
5 .0 4.7 11.7 17.8 23.1 27.7 33.1 36.5 42.6

11.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 .0 1.3 1.1 1.8 3.2 4.9 7.5 9.0 10.8
3 .0 1.3 3.2 7.3 11.1 14.0 16.4 18.1 20.6
4 .0 2.6 6.4 11.8 16.7 20.3 23.9 26.6 29.9
5 .0 5.1 10.8 16.4 23.0 26.8 32.1 35.6 39.7

12.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 .0 .0 .9 2.3 4.0 5.8 6.8 7.1 7.7
3 .0 1.1 2.7 6.8 9.9 11.1 13.1 15.1 16.7
4 .0 2.2 5.3 9.8 13.9 17.0 19.9 22.6 24.9
5 .0 4.3 9.7 14.4 19.2 23.4 27.2 30.7 34.8

13.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 .0 .9 2.3 2.6 3.4 4.5 5.4 7.3 8.1
3 .0 1.8 3.8 6.5 8.5 10.4 12.9 13.7 15.8
4 .0 3.7 7.6 11.0 13.6 18.4 17.9 21.0 22.8
5 .0 4.6 9.9 14.3 18.6 20.9 25.0 28.2 31.~
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PERCENTAGE YIELD ABOV E YIELD AT 1 INCH TAPER LEVE L

DIAMETER TAPER LENGTH (FT.)
(IN.) (IN.) 8 10 12 14 16 18 20 22 24

14.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 .0 .8 2.0 2.2 2.9 4.7 6.1 6.9 7.3
3 .0 1.6 3.3 5.6 8.2 9.8 11.5 13.5 14.~
4 .0 3.1 6.5 10.6 12.1 15.4 17.6 19.8 21.1
5 .0 3.9 9.8 12.8 16.4 19.7 22.6 26.0 28.4

15.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 .0 .7 1.1 2.4 2.5 4.5 6.0 6.6 7.4
3 .0 1.4 4.0 5.3 7.6 9.7 11.3 12.0 13.7
4 .0 2.7 5.6 10.1 11.8 14.1 16.3 18.0 19.8
5 .0 3.4 8.5 12.6 16.0 19.0 21.7 24.0 26.9

16.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 .0 .0 1.0 1.3 2.6 3.6 4.1 4.5 6.0
3 .0 1.2 2.5 4.6 6.6 8.1 9.9 11.0 12.2
4 .0 1.2 4.9 7.6 10.3 12.0 14.2 15.5 17.3
5 .0 2.4 7.9 11.3 14.3 16.8 20.1 21.8 24.5

17.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 .0 .0 .9 1.9 2.6 3.2 4.4 5.6 6.2

3 .0 .5 2.2 4.1 6.5 7.7 9.3 10.7 12.2
4 .0 1.6 3.9 7.8 10.4 11.7 13.4 14.9 17. 1
5 .0 2.1 6.5 10.4 14.0 16.0 17.5 20.5 22.8

18.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 .0 .9 .4 1.7 2.3 3.3 3.7 4.6 5.1
3 .0 1.4 1.9 3.6 5.5 7.4 8.5 9.3 10.2
4 .0 1.4 3.8 6.9 8.9 11.3 12.1 13.7 15.1
5 .0 2.3 6.2 9.6 12.4 14.8 16.7 18.8 20.8

19.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 .0 .8 1.0 1.8 2.6 3.2 3.9 4.5 5.1
3 .0 1.3 2.4 4.5 6.0 7.1 8.7 9.5 10.1
4 .0 2.1 4.9 7.8 9.4 10.8 12.0 14.0 14.8
5 .0 2.9 6.3 10.1 12.2 14.3 16.1 18.3 19.9

20.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 .0 .4 .6 1.3 2.6 3.1 3.7 4.5 4.8
3 .0 .8 2.2 3.7 5.4 6.8 8.0 8.7 9.5
4 .0 1.5 4.1 6.7 8.6 10.4 11.2 12.6 13.7
5 .0 3.0 5.6 8.8 11.2 13.7 15.4 17.0 18.6

‘i

8 



Table 3.—Reduction in LRF or board-foot yield per cubic foot of scaled log for logs 6 to 20 inches in diameter , 8 to 24
feet in length , and with taper 1 to 5 inches per 16 feet. All percentages are calculated assuming ylalds from 1-inch taper
logs as the base line.

PERCENTA GE LRF BELOW LRF AT 1 INCH TAPER LEV EL

DIAMETER TAPER LENGTH (FT.)
(IN.) (IN.) 8 10 12 14 16 18 20 22 24
6.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0

2 — 7.9 — 5.0 —7.8 — 4.6 — 5.9 — 5.2 — 6.9 — 7.6 — 7.3
3 —15.2 — 12.0 —10.8 — 10.2 —11 .2 —12.1 —14.7 —15.3 —12.9
4 —21.7 —17.6 —18.0 —16.1 —16.5 — 19.8 — 18.2 —17 .1 —16.5
5 — 27.7 — 23.9 —24.1 — 20.7 — 23.3 — 22.2 — 20.5 — 20.8 — 19.8

7.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 — 6.9 — 8.5 — 5.5 — 5.9 —6.7 — 6.2 -.7.1 — 6.9 — 6.8
3 — 13.2 — 13.9 —11.8 —12.3 —14.0 —14.2 — 13.2 — 10.2 — 9.8
4 — 19.0 — 18.2 -- 15.4 —16.2 —17.9 —15.9 —15.6 —15.7 — 16.1.
5 — 24.4 —22.9 —21.6 — 22.1 — 20.6 — 19.7 — 20.9 — 20.4 — 20.0

8.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 — 6.0 — 5.5 — 6.3 — 6.6 — 7.7 — 5.4 —3.2 — 2.2 —3.4
3 —11.7 —12. 5 —12.2 —12.0 — 9.8 — 8.4 —8.8 —9. 1 —10.2
4 —17.0 —16.5 —16.0 —13.6 —13.9 —14.2 —13.9 —13.0 —13.6
5 —21.8 —20.5 —19.8 — 17.1 —18.0 —16.9 —17.8 —17.4 — 18.8

9.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 —5.4 —6.1 — 6.7 —6.5 — 5.8 — 4.4 —4.8 —5.1 — 5.6
3 —10.5 —11.0 —11.2 — 9.0 —9.4 —9.2 —9.3 — 9.8 — 9.7
4 — 1 5.2 — 15.6 — 14.5 —13.5 —13.5 —13.1 —13.3 —13.8 —14 .4
5 — 19.7 — 19.3 — 18.3 —17.6 —17.0 —17.5 — 17.9 —18.0 —19.0

10.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 — 4.9 — 5.0 — 6.0 — 5.2 — 4.8 — 6.4 —6.6 — 6.2 — 5.4
3 —9. 5 —10.2 —9.6 — 9.5 —8.8 — 9.3 —8.7 —9.4 —10.0
4 — 13.8 — 13.5 — 13.4 —12.6 —12.4 —13.3 —13.9 —14.8 —14.6
5 — 18.0 — 17.2 —16.6 —16.0 —16.4 —16.8 —17.3 —18.6 — 18.8

11.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 — 4.4 — 4.6 — 5.9 —6.1 —6.1 — 5.6 — 4.0 —3.5 — 2.6
3 — 8.7 — 9.2 —10.2 — 9.0 — 7.4 — 7.2 — 7.0 — 7.4 — 7.4
4 —12.7 —13.0 — 13.0 —11.6 —10.8 —10.8 —11.2 —11.8 —11.9
5 —16.5 —16.1 —15.9 —14.9 — 13.7 — 14.8 —14.7 —1 5.5 —16.2

12.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 — 4.1 —4.3 — 5.3 — 5.0 — 4.3 —3.7 — 3.8 — 4.2 —4.7
3 — 8.0 —8.3 — 8.8 — 7.8 —6.9 — 7.6 —8.1 —8.1 — 8.5
4 —11.7 — 12.1 —11.9 —11.3 — 10.8 —11.0 —11.4 —12.1 —12.8
5 —15.3 —14.6 —14.1 — 13.9 —14.0 —14.1 —14.9 —15.8 —16.2

13.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 — 3.8 —3.8 — 3.9 —4.2 — 4.5 — 4.1 —4.1 —3.5 — 3.7
3 —7.4 —7.1 — 7.3 —6.6 —6.9 —6.7 —6.5 — 7.3 — 7.8
4 — 10.8 — 10.2 —9.7 — 9.2 —9.8 —9.7 —10.9 —11.1 —12.2
5 - 14.2 —13.3 —12.7 —12.4 —12.4 —13.4 —13.9 —14.4 — 15.7
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PERCENTAGE LRF BELOW LRF AT 1 INCH TAPER LEVEL

DIAMETER TAPER LENGTH (FT.)
(IN.) (IN.) 8 10 12 14 16 18 20 22 24

14.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 —3.5 —3.7 — 3.7 —4.2 —4.1 —3.5 —3.0 —3.0 —3.4

—6.9 — 7.2 — 7.5 — 6.9 —6.0 —6.5 —6.6 —6.4 —7.1
4 —10.1 —9.8 — 9.5 — 8.5 — 9.4 — 8.9 — 9.6 —10.1 — 11.1
5 —13.2 —13.0 —11.3 —12.0 —11.8 —12.6 —13.4 —13.8 —14.8

15.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 — 3.3 — 3.7 — 3.9 — 3.4 — 3.8 —3.1 — 2.6 — 2.6 —2.7 A
3 —6.4 — 6.8 —6.1 —6.5 — 5.6 — 5.5 — 5.5 —6.3 —6.7
4 — 9.5 —9.7 —9.2 — 7.8 — 8.2 — 8.5 —9.1 — 9.6 —10.5
5 —12.4 — 1 2.3 —11.3 — 10.7 — 10.7 —11.4 —12.3 —13.0 —13.7

16.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 —3.1 — 3.9 — 3.9 — 4.0 — 3.5 — 3.4 — 3.6 — 4.0 — 3.6
3 — 6.0 —6.6 —6.6 —6.0 — 5.9 — 5.9 — 5.9 — 6.3 — 6.8
4 —8.9 —9.8 —8.8 —8.6 — 8.4 —8.8 —9.3 —10.4 — 11.1
5 —11.7 —12. 5 —10.7 —10.2 —10.7 —11.2 —11.5 —12.9 —13.6

17.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 —2.9 — 3.4 — 3.3 — 3.3 — 3.3 — 3.3 —3.0 —2.6 —2.7
3 —5.7 — 6.2 — 6.2 —6.1 —5.4 — 5.5 —5.5 — 5.6 — 5.9
4 —8.4 — 8.7 —8.8 —7.6 — 7.5 — 8.0 —8.9 — 9.4 —9.7
5 — 11.1 —11.6 —10. 6 —10.1 —9.8 —10.4 —11.8 —12.1 —12 .9

18.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 — 2.7 — 2.5 — 3.6 —3.2 — 3.0 — 3.0 — 3.3 —3.1 — 3.2
3 — 5.4 — 5.5 — 5.9 — 5.8 — 5.5 —5.2 — 5.5 — 6.0 —6.5
4 —8.0 — 8.4 —8.2 — 7.6 — 7.5 — 7.6 — 8.6 —9.3 — 9.8
5 —10.5 —10.9 —9.8 —9.7 — 9.6 —10.2 — 11.1 —11.8 —12.7

19.0 1 .0 .0 .0 .0 .0 .0 .0 .0 .0
2 — 2.6 — 2.6 — 2.9 — 2.8 —2.7 — 2.6 —2.8 — 2.7 —2.7
3 —5.1 — 5.2 — 5.3 —4.7 — 4.6 — 4.7 —4.7 —5.1 —5.7
4 — 7.6 — 7.6 —6.7 — 6.3 — 6.4 —7.2 — 7.9 — 7.9 — 9.0
5 — 10.0 — 9.8 — 9.0 — 8.3 — 8.8 —9.6 —10.5 —10.9 —11.8

20.0 1 .0 .0 .0 .0 .0 .0 .0 0 .0
2 — 2.5 — 2.7 — 3.2 — 3.1 — 2.4 — 2.5 — 2.5 —2.5 —2.7
3 — 4.9 —5.4 — 5.3 — 5.0 —4.6 — 4.5 —4.5 — 5.2 — 5.6
4 — 7.2 — 7.5 —7 .1 — 6.5 —6.4 —6.7 — 7.5 —8.1 — 8.9
5 — 9.5 — 9.2 — 9.0 — 8.6 —8.7 — 9.0 — 9.7 —10.7 —115
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Table 4.—A ctual board-foot yields and Lumber Recovery Factors (LRF) for all logs computer sawn by BOF in the stu’ly

YIELD AND LRF

DIAMET ER TAPER LENGTH (FT.)
(IN.) (IN.) 8 10 12 14 16 18 20 22 24
6.0 1 15 19 24 29 34 39 45 50 55

9.00 9.06 9.22 9.16 9.21 9.27 9.33 9.27 9.18
2 15 21 26 32 38 45 51 58 65

8.28 8.61 8.51 8.74 8.67 8.79 8.6t~ 8.56 8.51
3 15 21 28 34 41 49 57 65 77

7.63 7.97 8.22 8.23 8.18 8.15 7.96 7.86 7.99
4 15 22 29 37 45 53 65 78 90

7.04 7.46 7.56 7.69 7.69 7.44 7.63 7.69 7.67
5 15 22 70 40 48 60 75 89 105

6.51 6.89 7.00 7.26 7.07 7.21 7.42 7.34 7.37

7.0 1 22 29 35 42 48 55 62 69 76
9.71 10.06 9.91 9.86 9.91 9.77 9 ‘4. 9.67 9.63

2 22 29 37 44 52 60 69 78 87
9.04 9.20 9.37 9.28 9.25 9.16 9.05 9.00 8.98

3 22 30 38 46 55 64 76 90 103
8.43 8.66 8.73 8.64 8.53 8.38 8.46 8.68 8.69

4 22 31 41 sO 60 73 86 100 115
7.86 8.23 8.38 8.26 8.14 8.21 8.23 8.15 8.08

5 22 32 41 52 66 80 94 111 131
7.34 7.75 7.76 7.68 7.87 7.84 7.71 7.69 7.T 0

8.0 1 31 39 47 55 64 72 82 90 100
10.38 10.33 10.31 10.19 10.19 10.07 10.02 9.92 9.93

2 31 39 49 58 67 79 92 104 116
9.76 9.76 9.65 9.51 9.40 9.53 9.70 9.70 9.59

3 31 39 50 60 74 87 100 114 128
9.17 9.04 9.05 8.96 9.19 9.22 9.13 9.02 8.92

4 31 41 52 66 79 93 109 127 146
8.62 8.62 8.66 8.81 8.77 8.65 8.62 8.63 8.58

5 31 42 54 70 85 102 120 140 160
8.12 8.21 8.27 8.44 8.36 8.37 8.23 8.19 8.06

9.0 1 41 50 61 72 83 94 105 117 129
1098 10.70 10.70 10.58 10.52 10.45 10.40 10.36 10.32

2 41 51 62 74 87 101 115 129 143
10.39 10.05 9.98 9.90 9.92 9.99 9.90 9.84 9.75

3 41 51 64 79 93 109 125 142 160
9.83 9.53 9.50 9.63 9.53 9.49 9.44 9.34 9.32

4 41 52 67 83 99 117 136 156 177
9.31 9.04 9.15 9.15 9.11 9.08 9.02 8.93 8.84

5 41 53 70 86 105 125 146 170 193
8.82 8.64 8.74 8.73 8.73 8.62 8.54 8.50 836

10.0 I 50 64 77 91 104 119 133 148 162
11 .09 11.00 10.97 10.92 10.80 10.83 10.80 10.79 10.70

2 50 64 78 94 109 124 141 159 178
1055 10.45 10.31 10.35 10.29 10.14 10.09 10.12 10.12

3 50 65 81 98 115 134 155 175 195
10.04 9.88 9.91 9.88 9.85 9.82 9.87 9.77 9.63

4 50 66 83 103 122 143 165 187 213
9.56 9.52 9.50 9.54 9.46 9.40 9.30 9.19 9.14

5 50 67 86 107 128 152 177 202 231
9.10 9.11 9.15 9.17 9.03 9.02 8.93 8.78 8.69
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YIELD AND LRF

DIAMETER TAPER LENGTH (FT.)
(IN.) (IN.) 8 10 12 14 16 18 20 22 24

11.0 1 62 78 94 110 126 143 159 177 194
11.28 11.22 11.16 11.06 10.96 10.90 10.80 10.77 10.67

2 62 79 95 112 130 150 171 93 215
10.78 10.70 10.50 10.38 10.29 10.29 10.36 10.39 10.39

3 62 79 97 118 140 163 185 209 234
10.31 10.19 10.02 10.07 10.15 10.12 10.04 9.96 9.88

4 62 80 100 123 147 172 197 224 252
9.85 9.76 9.71 9.77 9.78 9.72 9.59 9.49 9.41

5 62 82 104 128 155 181 210 240 271
9.42 9.41 9.38 9.42 9.46 9.29 9.21 9.09 8.94

12.0 1 73 93 113 132 151 171 191 212 233
11.27 11.24 11.25 11.19 11.08 11.02 10.98 10.95 10.92

2 73 93 114 135 157 181 204 227 251
10.81 10.75 10.66 10.63 10.60 10.61 10.56 10.49 10.41

3 73 94 116 141 166 190 216 244 272
10.37 10.30 10.26 10.31 10.32 10.18 10.09 10.06 10.00

4 73 95 119 145 172 200 229 260 291
9.95 9.88 9.91 9.92 9.89 9.81 9.72 9.62 9.52

5 73 97 124 151 180 211 243 277 314
9.55 9.59 9.67 9.64 9.53 9.46 9.35 9.22 9.16

13.0 1 87 109 131 154 177 201 224 248 272
11.37 11.29 11.24 11.18 11.16 11.11 11.05 11.01 10.98

2 87 110 134 158 183 210 236 266 294
10.95 10.86 10.80 10.72 10.66 10.66 10.60 10.62 10.58

3 87 111 136 164 192 222 253 282 315
10.54 10.49 10.42 10.44 10.39 10.36 10.33 10.20 10.13

4 87 113 141 171 201 234 264 300 334
10.14 10.14 10.15 10.15 10.07 10.03 9.84 9.78 9.65

5 87 114 144 176 210 243 280 318 357
9.76 9.79 9.81 9.79 9.77 9.62 9.51 9.42 926

14.0 1 101 127 153 180 207 234 261 288 317
11.49 11.42 11.36 11.34 11.28 11.24 11.19 11.12 11.10

2 101 128 156 184 213 245 277 308 340
11.08 10.99 10.94 10.86 10.82 10.84 10.85 10.79 10.72

3 101 129 158 190 224 257 291 327 363
10.70 10.60 10.51 10.56 10.61 10.51 10.45 10.41 10.31

4 101 131 163 199 232 270 307 345 384
10.32 10.~~ 10.28 10.38 10.22 10.24 10.11 10.00 9.86

5 101 132 168 203 241 280 320 363 407
9.97 9.94 10.08 9.98 9.95 9.82 9.68 9.59 9.46

15.0 1 118 147 177 207 238 269 300 333 364
11.64 11.54 11.47 11.41 11.35 11.31 11.26 11.25 11.19

2 118 148 179 212 244 281 318 355 391
11.25 11.11 11.02 11.02 10.91 10.96 10.97 10.95 10.89

3 118 149 184 218 256 295 334 373 414
10.89 10.75 10.77 10.67 10.71 10.69 10.64 10. 10.44

4 118 151 187 228 266 307 349 393 436
10.53 10.42 10.42 10.52 10.42 10.35 10.24 10.17 10.01

5 118 152 192 233 276 320 365 413 462
10.19 10.12 10.17 10.19 10.13 10.02 9.88 9.79 965

12



YIELD AND LRF

DIAMETER TAPER LENGTH (FT.)
(IN.) (IN.) 8 10 12 14 16 18 20 22 24

16.0 1 135 169 203 238 273 309 344 381 417
— 11.75 11.66 11.60 11.55 11.50 11.45 11.40 11.40 11.36

2 .135 169 205 241 280 320 358 398 442
11.39 11.21 11.14 11.09 11.09 11.07 10.99 10.94 10.95

3 135 171 208 249 291 334 378 423 468
11.04 10.89 10.83 10.85 10.81 10.78 10.73 10.68 10.58

4 135 171 213 256 301 346 393 440 489
10.70 10.52 10.57 10.56 10.53 10.44 10.34 10.21 10.10

5 135 173 219 265 312 361 413 464 519
10.38 10.21 1036 10.37 10.27 10.16 10.09 9.92 9.82

17.0 1 153 192 230 269 308 349 389 429 469
11.82 11.73 11.64 11.60 11.54 11.51 11.48 11.41 11.36

2 153 192 232 274 316 360 406 453 498
11.48 11.32 11.26 11.21 11.16 11.13 11.14 11.12 11.06

3 153 193 235 280 328 376 425 475 526
11.15 11.01 10.92 10.89 10.91 10.88 10.84 10.77 10.70

4 153 195 239 290 340 390 441 493 549
10.83 10.71 10.62 10.72 10.68 10.59 10.46 10.35 10.26

5 153 196 245 297 351 405 457 517 576
10.51 10.36 10.41 10.43 10.41 10.32 10.12 10.04 9.90

18.0 1 171 215 260 303 347 391 437 483 529
11.79 11.76 11.75 11.68 11.61 11.57 11.54 11.51 11.47

2 171 217 261 308 355 404 453 505 556
11.47 11.47 11.33 11.31 11.26 11.22 11.16 11.15 11.11

3 171 218 265 314 366 420 474 528 583
11.16 11.12 11 .05 11.00 10.97 10.97 10.91 10.81 10.73

4 171 218 270 324 378 435 490 549 609
10.85 10.78 10.79 10.79 10.74 10.69 10.54 10.44 10.35

5 171 220 276 332 390 449 510 574 639
10.56 10.48 10.59 10.55 10.49 10.38 10.27 10.15 10.02

19.0 1 190 238 287 335 385 435 485 535 587
11.80 11.72 11.68 11.63 11.61 11.58 11.55 11.49 11.47

2 190 240 290 341 395 449 504 559 617
11.50 11.42 11.34 11.30 11.30 11.28 11.22 11.18 11.16

3 190 241 294 350 408 466 527 586 646
11.20 11.12 11.06 11.08 11.07 11.03 11.00 10.90 10.81

4 190 243 301 361 421 482 543 610 674
10.91 10.84 10.90 10.89 10.86 10.75 10.63 10.58 10.44

5 190 245 305 369 432 497 563 633 704
10.63 10.57 10.63 10.66 10.58 10.47 10.34 10.24 10.12

20.0 1 213 266 320 374 428 483 538 595 652
11.91 11.83 11.80 11.74 11.67 11.63 11.59 11.58 11.55

2 213 267 322 379 439 498 558 622 683
11.61 11.51 11.42 11.37 11.39 11.34 11.30 11.29 11.24

3 213 268 327 388 451 516 581 647 714
11.32 11.20 11.17 11 .15 11.14 11.10 11.06 10.98 10.90

4 213 270 333 399 465 533 598 670 741
11.05 10.94 10.96 10.98 10.93 10.85 10.71 10.64 10.52

5 213 274 338 407 476 549 621 696 773
10.78 10.74 10.73 10.73 10.66 10.58 10.46 10.34 10.22
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k

are the theoretical maximum yields and are fered for sale averages 10 inches in diameter ,
not normally attained by sawmills. However, how much less yield per cubic foot can be ex-
because the BOF program modeled the saw - pected?
ing to maximize yield under all conditions, First , look up in table 4 of the LRF for 13-
any percentages or ratios derived from inch diameter, 16-foot log with 1-inch taper
them—such as those in tables 2 and 3—are (11.16). Next , look up the LRF for a 10-inch
valid. Thus, beginning with an actual known diameter, 16-foot log with 3 inches of taper
yield value from a mill, such as overrun, and (9.85). The indicated reduction is 11.7 per-
applying the percentage or ratio from tables cent:
2, 3, or 4, will yield a valid prediction of the 11.16 — 9.85 x 100 = 11.7 percent.expected yield. 11.16

Example 3: Calculate the expected re-How to Use This Information duction in yield per cubic foot between two
The authors feel the most important use stands of timber—the first of which averages

ef this information by industry will be to 13 inches and 2 inches of taper and the sec-
more precisely predict the expected lumber ond of which averages the same diameter but
volume on a timber sale when it is measured 4 inches of taper—, assuming both will be
and offered on a cubic foot basis. Most, it not cut into mostly 16-foot logs. Look up in table
all, mills know what their overrun is at pres- 3 the appropriate percentage reduction
ent and the average taper of the logs that values for both average logs as compared to
produced this overrun. Armed with these two 1-inch taper. They are — 4.5 and — 9.8 per-
items of basic information and tables 2, 3, cent. This means that the 2-inch taper log
and 4, it is possible to predict the board-foot yields 95.5 percent (100 — 4.5), as much per
yield per cubic foot for logs with differing cubic foot as the 1-inch taper log, and the 4-
average taper. inch taper log yields 90.2 percent. Thus the

loss can be calculated as:
95.5 — 90.2 = 5.5 percentSome examples follow. 955

Example 1: Assume a mill in which
Scribner Scale is being used, overrun is 40 Example 4: In buying timber based on
percent, average taper Is 1 inch per 16-foot board-foot scale, table 2 and table 4 can be
log length, the average log diameter is 13 in- used to predict the added recovery that
ches, and the average log length is 16 feet. results from increasing levels of taper.
This means that actual recovery on this aver- Assume the mill is currently cutting logs
age log is 100-board feet Scribner Scale and averaging 12 inches in diameter, 16 feet in
40-board feet overrun for a total of 140 board length, and with an average of 1-inch taper
feet . If another timber sale is offered where per 16 feet and overrun based on Scribner
the logs contain more taper—say 3 inches Scale with these logs is 50 percent. A timber
per 16 feet —how much less lumber should sale is offered whose logs average 11 inches
be expected per cubic foot of log volume? in diameter, 16 feet in length, and 4 inches of
Referring to the 3-inch taper figure for 13- taper. What change in overrun should be ex-
inch diameter and 16-foot length (table 3), we pected?
find that the expected yield is reduced by 6.9 The Scribner Log Scale of the 12-inch
percent. This means that the same number of log is 80 board feet and the 11-inch log is 70.
cubic feet that are currently yielding 140 In table 4 we find the expected board-foot
board feet with 1-inch taper will yield only yield of the 12-inch log to be 151 board feet.
130 3 board feet If the logs have 3 inches of The current overrun of 50 percent added to
taper: the log scale of 80 feet indicates the mill Is

140 — 1140 ~~ 069~ = 130.3 actually getting 12~ board feet: (80 + [80 x
50 percentj). This means current yield in the

Example 2: Given the same situation mill is 79.5 percent of the maximum (-i2~. xas in Example I except that the timber of- 151
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100 percent). The yield shown in table 4 for prediction purposes. Some degree of error isan 1 1-inch log with 4 inches taper per 16 feet present. It is a well known fact that the scaleis 147 board feet. Applying the 79.5 percent of the log which has the average diameter,efficiency figure indicates this log wil l ac- length, and taper of a sample is not quite thetually saw out 117 board feet (.795 ~ 147) in same as the average of all the individual log
this mill. Thus, the indicated overrun is 67 scale volumes. Somewhat more accurate
percent ( 117 — 70 = 67). This is an in- predictions can be made if the log samples,

70 both the mill’s current logs and those to be
crease in overrun of 17 percent (67 — 50). compared, are treated by their individual

The examples given here are based on length, diameter, and taperclasses.
using the average log in each situation for

15



Literature Cited
1. Freese, F.

1974. A collection of ~og rules. USDA
For. Serv. Gen. Tech. Rep. FPL-1. For.
Prod. Lab., Madison, Wis .

2. Dobie,J.
1964. Log taper related to lumber pro-

duction. B.C. Lumberman 48(5). For.
Prod. Res. Branch Contribution No.
P-56. Western For. Prod. Lab., Can.
Dep. For., Vancouver , B.C.

3. HaUock , H., and D. W . Lewis .
1971. increasing softwood dimension

yield from small logs. USDA For. Serv .
Res. Pap. FPL 166. For. Prod. Lab.,
Madison, Wis.

4. Hailock , H., and D. W. Lewis.
1973. Best opening face for second-

growth timber . Chap. 4 In Modern
Sawmilling Techniques, Vol . 1. Proc.
First Sawmill Clinic (Portland, Oreg.,
Feb. 1973). Miller-Freeman Publica-
tions, Inc., San Francisco , Calif .

5. Lewis, D. W., and H. Hailock .
1974. Best opening face programme.

Austra l. For. Ind. J. 40(10):21-23, 25, 27,
29-31.

6. U.S. Department of Commerce. Current
Edition. American Softwood Lumber
Standard. Prod. Stand. PS 20-70. U.S.
Dep. Comm., Washington, D.C.

US (jOVERNMrNT PRINTING OFFIC E 1978 750 126,lq 17/2.5 /79

16



—4 Cs
CO ‘-4 • 0 0

• 0 0  Cs
is 4 1 ’ 4 1 0 C) 44 41 .-I
0 4 1 4 1 , - I  -‘-4

. 4 1 4 1  ~~~~~~~~
.0 •4 1  ) -,-4 ’41 00 .~~ 4 1 4 1  04 1 4 1  0 0 ( 0  ‘41 41 -4
0 1 0  ,41~~~~~~ -4 -4 10

• 4 1 4 1 0
• 41 4 1 0  • 4 1 4 1  .—. -ri 41 00

41 .—‘ -.-4 CO 00 (4 -4 -~~ ~~~~~~~
(0 , -I ‘..? )~, UI 41 N ~r4 4.’ • .~-441 N ri 1-I • r4 41 m 14 0 ‘Cs ~ 4
4 . 4 4 1  i~~ i~ o~~ .-4 0 1-’ 4 1 ’ 4 1 O 4 1  (0
01.’ 4 1 4 1 0 4 1  CO 0 0 0  ,.-I .0 41 4-i -4 0
O Il) -~ ,0 01 4 - 4 ’ I  U ‘4-I • O.i 4 1 — 4 1 4 1  41

44.4 • o ~ 4 1 — 1 1 ( 0  41 I •00rz.. ~~(5’41 0I • 0 0 1~4 ~~~I0 4 1 0  ‘41~~~~r- . U $ 4 4 1  U
.41 1 r-. .-4 0 14 (0 0 4.4 • 04 (0
~ a’. • co tS -rI CS 0..-I o. 0 O~~~~ .0
(0 0..-4 0. 0 0~~~. .0 0 r 1  (S 4 -’U .0~~-4 ~tO 1~I 0 , 0, - I  ~ . 0 — 4  0. -.4 .—4 U
.0.-4~~~~~0. -.4 ~~4 U • -.-4 .-~

~ ‘ ~~ ‘ 4 o 4 1 ( 0  >-. 4 1 . 4 1 0 ..  41~~~~~~~~~Uo 41 .410. • 4 1 4 1 ,41 0 0 0 4 r1.4 (I) 0 .0  4 . ’-,-4 0 0 •
.44 O 0 .~~~4 C O  0 . 0 1 -1 -4 0 0 .  14 41 (4 .0 41~~~(0 14 44 41 .0 ~~~$4 14.4 41 1 4 1 $ 4 4 1  . . 4 Q
14 ~~ ...~~~ IJ ’ 4 1 1 4 4 1  - . 40  14 .

~~ 
• 4 1 0 0  •—4 1Jo ~~~ 

. 4 1 0 0  ‘-~~~~ -‘ o 4 1 0 0 4  • 0 0 ( 0 4 4 - i  14 0
.0 C O U U I  • 0 0 4 1 ’I - l  ( 0 0  .0 •41 0 •.4 > 0 41 0 1 4
~ -n o- r i > o 41 0 ( 0  - 4 - 4 3 1 4  - 4 ’ 4 1 1 4 $ 4  (0~~44

41 ,-I 41 41 414 1,_~) 
, .4 ~..4 3 14 —4 41 41 14 (0 ‘4.4 ._~141 ,-I 41 4 1 4 1 ( 0

~~ rI ( 0  “C l)  ‘44~~~ 4 0 .  0 4 1 ( 4 10 $~~~44t~ ~-. 1 4 1  0 ( 4 ( 0 ( 0  1 4 1 4  4.’ 0 • U1J~~~~ 4 1 0 4
0 1.4 00 4 1 4 1  0 1 4 4 1 4 1 1 4  0 .0)  0 0.>

1 4 4 1 4 1 1 4  0 . 4 1  0 ~~ > ~ 04 41 -.-4 0 -r4 .41 .-I ( 0 0
4 1 (~~-,-I O -.4 .41 .-I t O O  . 0 1 4 ’ C s0. .41 1J 1~l 1.4 0

4 1 O - r 4 41 41 4-i ~~1X “ 4 1 O~~~~ 41 ~~~~~~~~ .41 IJ U 4 4 0  41 .v-I t4 C O O - , - 1 41 41

4 1 O~~~~~41 “ 4 4  ~~ ‘—4 ~~ 0 4-I ,41 .
~~

.~.‘ .-4 ~~ 0 4-4 -~~ ~~~ ~~ -r4~~~~~ cs ,-I $ 4
4) 4- , ~~ -,-4 I U ) ~~~ 

, - $ 4  ~~ ~~~~~~~~~~~ 1 J 4 1 4 1  4 1 4 1
4) 00,0 •~~~) 4 J 4 1 4 1  4 1 4 1  41 4 1 1 4 4 1~~~) ~I .0
$4 41 (0~~~~~~C O 4 1  -‘-4 .0 .~I - -,-I ’.-~ .-4 41~~~~ 41 $ 4 1o -.4 • - r 4 ’-’ r-4 ( 0 C 0 41 ~~~E 0 4 1 0 0 1 0) 41

(0 0 0 4 1  • 1 4 . 0 1 4 ( 0  ‘-40 ) 0 4 1 0 )  41
(0 0 04 1  • 1 4 ,0 1 4 ( 0  ,-I 0 .0 0 0 0 .  0 4 1

• 0 . O cf l O. 0 4 1  • a_ I  4 1 4 141 14 Cl) -
00 41~~..4 4 1 4 1 41 14 Cl) CI) 0 ‘41 . 4 1 $ 4 r i U  ~~~000 4 1 4 a r . -  1-i tS 41 ~~~~41.-~ ~ ‘a r.- ,4 1 1 4 - 4 U
— O’ 4 1 14 ,-~ ~- i i s  01 4 1 ( 0 - 4  4 1 ’ 4 1  Ow l

41 (5 ‘41 0 -.-I ~—4 .41 0) —4 34 1 — 4 3 .-i I O U  0 0 4 1 4 1  >~~ (0
I S O  0 0 4 1 ’ C s  9 - i t S  0 - ,-4 Ow I Cs 1-~~~o0 -_I Cs ~~~ 0 ,..4 94 (0 ~~~~41

CO
-4 41 ~—4 .0 0
r-4 . 0 4  ‘0
(0 4 1 - C s o .~~o 0) W ’-I
-4 ,0 ’  

~~~~~~~~~~~~ 00
00 0,

~~
,$ 

~~~~~~~~~~~~ 
0 4 5  .41 41 ,-I .-I

0 ( 0  ‘4 1 ( 4 - 4  ~ 4 .~~~~~~ • •—I 1P1 (5
‘ 4 1 -  • 4 ) 4 1 0  * 4 1 4 1  .~~~ -rI 41 00
4 1 4 1  .,.4 41 00 ‘~~ ,-4 -~ > . C O  41

41 N -.4 1-4 •CS ,-4 -t >. 41 1.’ 41 m 14 0 41 ‘-44) N ‘.4 1.’ . .r4
i 4 1  Cfl $4 0 ’~ ~~ 0 4 . 4  4 1 ’ 4 1 0 4 1  IS
01.’ 4 1 C s 0 W  41 0 (1) 

~ .0 41 4-i ,-I 0
0 0 0  ~~ .0 W ’4-4 .-i 0 “4 Q~ 41 .-I 1 4 1  CO

‘44 .0 .  4 1 - 4 1 41 41 I 0 0 0 .
I • 00 41 41 ‘~~ u ‘41 1 F.- ‘-4 0 1-i 04 0

‘41 ~~ r.- .—4 0 1.1 41 ci I-I ~~~ •

a’. • 4 1 4 1  41 0.’-4 0. 0 0 > ~ ,0
tO Q. ..4 0. 0 0 > ’ .  .0 O w l  (4 4-’ 0 .0 .--4 41

• 0 - o iJ 0 .0 -4 .0 — 4  - 0 .  .4 .-I 0
1 . 1 , 0 4 1 4 1~-4 v-I C)

1 4 ,0 0 4 ( 0  • ~~~~~~~ ‘~~~~°O 0 .~~~~ CO 0 . 0 4 4-,-4 0 0 .0 4 4 1 . 002 0 . 0 1 . 4-rI 0 0 .  ii 41 .o
41 14 44 10 .0 4 1 1 4  4.4 • .‘~~~~ 1.I ’ 4 1 1 4 4 1  ~- 4 0
Ii i~~ •~~~~~~ .ri O 

~~ 
,
~ 

• 4 1 0 0  ,-i uo ~~ • 0 1 )  ,-4 1-’ 4 1 0 4 1  • 0 0 ( 0 9 - 4  4 1 0
.0 ~~~~~~~ • 0 0 ( 0 9 . 4  (0 1) 

~ ‘4 1 0 I >  0 4) 0 ( 0
- 4 . - 4 3 1 4  ,—4 ’ 4 1 1 4 $ 4  41~~4~ ‘~~ o-.i > 0 41 0 10  

41- 4 - 4 3 1 4  ~~~~~~ 44 44 41 444
41 _I 41 (5 1 4 1 4

( 5 4 1  1 4 1 4  0~~ •,-4~~~~~~~~ Cl) 9.4 ,~~~~0. 0 • 0 4 4 00 4 1 4 1
0 1 . 4 00 4) 4) ~~ 1 4 4 1 4 1 14 0 ,41  0 0 .>

~~ 1 4 4 1 0 ) 1 4  0 . 4 1  0 0 . >  4I I4 -’-4 0 - .41 ,-I ( 0 0
4 4 ( 4 - i - b  .r4 .41 ,-I ( S O  . 0 $ 4 ’ u r~i ,41 4.’ i. ’ 4 . ’ 0

~ , I~r 
.41 44 1.’ 4 4 0  14 ~~~0 I 4 1  04

4) 4 1 0 ) 41 “ i a
- 4 1 0 ) 4 4  i-

~ 14 ~ 0 9-4 .41 ‘41
4.’ .—4 ~ 0 9-4 .41 .41 ‘~ >. ~~ ‘ . 4 1 4 1 )  v-4 4-i

>.~~~~ -.4 I 4 1 )  ‘-4 14 00.0 1 J4 1 4 1  4 1 4 )
00.0 00 04~~~ a a~~ ~~~~~~~a ø~~ ( 0 1 4 4 1 4 1  .‘.-I .O rl * - 4 ’—~ ‘-l~~~~~~~ 4) >~~H1 4 4 1, - I  4) Q 4) 41o -‘-i . 4 — ~ v - ’~~~4~ ~Ls 41 0 0 4 1  • 14.0 1-i s ‘-I~~ $ 4 4 1 4  4 1 0 0 ) 0)
4 1 0 0 4 1 ’ 1 4 . 0 1 4w  ,.4 • 0 .0 1 0 0 .  0 4 )

• 0 . 0 1 0 0 .  •• 
~, 

4 1 , 4  4 1 4 1 411- i  Il)-
~fl ~ 41 4 1 4 1 1 4  ( 0 *  • 0 • C s r~• .4 1 1 4 - i - l u ~~~ 00

~ 8 ‘Cs F.- .41 14 -rI O ~~~~00 ~~ U 4 1 $ 4 , -~ ~~~~~ ~.41 44 4 - i ( 0  41 ~~~41 I 4 1 4 1  4 1 ’C s  0-_ I
4 1 ( 0  . Ø 4 1  0-_ I  I ‘—4 .41 11).-l 3- i

~~~,—I 3.4  I 4 1 0  0 0 4 ) ’ C s  9-i tO
0 0 4 1 ’ C s  9 , 4 ( 0  I U r 1  0 - . 4 41 0 0 0
0 - r i O 1 40  , 9 . 4 41 ~~~~-4 94 (0

- -- --


