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INTRODUCTION

The fact that board foot log rules inadeauately serve
the purpose for which they are intended has been recognized
to a greater or lesser extent ever since the first board
foot rules were devised. This has been verv plainly shown
in that in the succeeding years more than fifty board foot
rules, all besed uvon the one thing that creates this
disturbance, have been devised to get either an accurate
determination of volume, a lerge overrun, or a better stan-
derd of weicht for shivping the raw material by water or
rail. These latter board foot rules were often remodeled
0ld ones, hybrids combining as the case may be, the best
or worst festures of 6ther rules, or comrletely new board
foot rules. |

The occurence of these many board foot rules have
caused endless confusion throughout the wood using indus-
try from the woods clear through the manufacturing nrocess,
and through these periods of triai and error many have
been discarded, but approximatelv a dozen different board
foot rules, all giving entirely different estimates of log
volume, are in commerciel use today.

Most @gggs?of board foot log rules intended for them
: to 'show with reasonable degree of accuracy the number of

board feet that could be attained from logs of different



sizes. However, many rules were made to specifically fsvor
a grouﬁ outside of the manufactureres or buyers. The esse
of doing this is quite apvarent in that all board foot rules
are based on a board foot measure which when apvlied to
manufactured lumber is an exact unit of messure but when
aprlied to a log, is not.

Beceouse of the similarity in names, an impression is

created that board feet sclae and board feet of lumber are

identical; actuslly there are decided differences.

: A board foot is a board one inch thick and one foot
square so that in inch boards the wood in board messure is
the same s the number of saouare feet of surface; with lum-

ber of other dimension, the wideth is expressed in terms of

inch boards.

The emount of lumber which csn be cut from logs of a
given size is not uniform beceuse the factors that determine
the amount of waste vary under many circumstences, such as
the thickness of the saw, thickness of the boerds, width of
the smallest board which can be utilized, the skill of the
sawyers, bhe efficiency of the machinery, the defects in the
log, the amount of tevner, the shrinksge, and, of great im-
portance, the industry which utilizes the material.

There is nearly aslways a difference between lumber
tally end scale. If the lumber yield 1s more than the scale,

result is Yoverrun"--if the log scale is over the lumber

tally, the result is "underrun."
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These factors have been the basis of the desire for
the industries to make = log rule which would meet 2ll
conditions. Many sttempts to devise such a rule have been
attempted and 2s a result these many log rules have been
constructed with wide divergence in results--in some cases
of 120 per cent in 20 to 30 inch logs and as much as 600
ver cent in 6 inch logs. Some of these board foot log rules
were constructed from mathematical formulae: some by pre-
paring diagrams that represent the top of the log and then
determing the emount of waste in sawdust end slab; some
have been based on actual everages of logs cut at the mill:
and still others have been the results of corrections in
existing rules to meet local conditions.

Manv mgggﬁggﬁgglggzwhich produce products other than
lvmber (pulv, veneer, etc.) have found the board foot log
scale to be meaningless. It is unressonable to measure
puln wood logs in terms of manufactured lumber, as the
product is entirelv different. Also, it is unreasonable
to messure veneer logs by bosrd foot scale as the wastes
and production are totally unlike thet of lumber mills.

It is only a cuestion of time before both buyer and
seller will recognize the absolute fairnesé end benefit
to be derived from making sales on the exact content of

the logs, es the variations in ocuality can be ad justed by

the variations in »price.

"The large number of log rules, the dif-
ference in their velues, and the variation in



their anplication have led to much econfusion
and inconvenience. Efforts to reasch an agree-
ment among lumbermen on 2 single standard log
rule have failed £o far. A number of states
have given official sanction to specific rules,
but this has only added conficion becsuse the
states have not chosen the same rule so that
there are six different state log rules and, in
addition, three different log rules in Canada.
It is probeble that a standard method of meas-
uring logs will not be worked out satisfactorily
until s single unit of volume, like the cubic foot,
is adonted for the measure of logs."

--United States Forest Service Bulletin 36

Inbthe following discussion I will present a pronosal
that logs should be scaled bv cubic foot methods to get a
more exact standardizstion of volumes. Before such stan-
dardization can be accepted, it must have the avppnroval of
men who are concerned with determining log content, scalers.

and men engsged in the buying and selling of logs.



COMPARISON OF BO2ZRD FOOT LOCG RULES AND THEIR LIVMITATIONS
Formula Rules

The Yoyle rule is a formula rule in use throughout
the entire country and is more widely used than anv other
rule despite the fact that ;t is one of the most inaccurate.
It is constructed by deducting four inches from the small
diameter of the log as an allowance for slab, souare one-
couarter of the remainder and multiply the result bv the
length of the log in feet. The important feature of the
formuia is that the width of the slab is s2lways uniform
regardless of the size of the log. The vrincirle is
mathemetically incorrect for the product of perfect logs
of different sizes follows an entirely different mathe-
matical law, and it is astonishing that such an incorrect
rule which gives wrong results from both large'and small
logs should have so genersl a use.

Lumber tslly overruns the Doyle log scale by about
25% for logs 12 to 20 inches in diameter:; and for long logs
with a small top diameter, the overrun is much highers.
The inaccuracies of the Dovle rule by which smell logs are
under-scaled and large logs over-scaled 1end_to its con- .
junction with the Scribner rule as the valued of the latter
rule dropred below the Yoyle rule at 28 inches. The reason

for this is quite apparently to favor the buyer of logs as

this gives low values of all sizes of logs.



The British Volumbia log rule is esnother formula rule
in common use that favors the buyer ﬁerw much, even more so
than the Scribner rule. The formula for this rule 1s de-
duct one and one-half inches from the mean diameter in
inches at the small end of the log, sqguare the result snd
multinly by .7854, divide ares, deduct three-elevenths,
divide by 12 to bring to hoard measure and multirly by
the length of the log in feet.

During 1918, the United States *hippning Board adon-
ted the Square of the Meen Diémeter rule becsuse of the
one-sided errors of the Spaulding, Scribner, and British
Columbia log rules; fhe ﬁse‘of which was responsible for
a greater loss in freight revenue and endless controversy.
As the Sguare of the #ean Diameter rule gives 20 per cent
more contents than the log actually contains, this change
did 5ot remedy the situstion but met with strong oprosi-
tion.from the <hiprers since thev became sware of‘thé
fact that they were paying freight on 20 per cent more
than the shivment contsined. Owing to the unsatisfactory
results, snother chenge wes made in 1919 by substituting
the Brereton Log Scale with the results that all parties
were fairly well satisfied snd its use in the exvort trade

has not’become ceneral.
-—u-l“

Although the Bpereton rule usually gives underrun

beesuse of the small allowance for slab and saw kerfv it

is coming into fevor in parts of the country, notebly the




New “nglend States becsuse it does give the most consis-
tently accurate board foot wolume of logs of different

sizes.
Diagram Rules

Rules of this tyvpe are based on disgrams of top di-
ameter of logs. One of the best know rules of this type
1s the Rcribner Log Rule constructed in 1846, It is a

relic of old-fashiond saw mill pictures and though still

in use is going out-of-date.
REASONS FCR CUBIC FOOT RULE

The most basic reason for cubic foot scele is the
fact thet it is impossible to make an accuraste board foot
log rule. The reason for the inaccuracy in loé rules is
that in constructing the rule it is necessary to make
certain assumptions as to the svecific c¢losenss of uti-
lization, allowance for the efficiency of mill machinery,
and the size of boards produced, not one of which can be
made for any individual log or operation. 1In construct-
ing a cubic foot ruie there is no sssumpntion of whet can

be derived from the log but rather it is based upon the

actual contents of the log.

Also an adventage -of using cubiec foot log rules would
’ N
be the adventage that it gives to scalers. Scalers when

using the board foot rule are thinking of the intensity



of vtlization and of lumber as 2 final produvuct, and
realize that the intensity of utilizetion and skill of
the men in the industry will very directly affect the ac-
curacy of their estimates. Scalers would, thérefore, no
doubt, be at pesce with the world if they scaled logs by
the cubic foot because there is no assumption of products
that are to be manufsctured or changed in utilizstion.
Therefore, the sceler can direct his mind to measuring
diameters and lengths correctly and tasking logical deduc-
tions for defects without judging subconsciously what the
standards of utilization ought to be.

In a recent article, Henri Roy of the ‘orest Service,
Proﬁidence of Wuebec, declared thet the using of the cubilc
foot encourages the scalers to do a better iob of log

megsuring. He says:

"The cubic method measurement which we
have adopted in Cuebec reouires that the totel
mass of wood be tsllied and reported separstely
from the smount to be subtrscted for defects. .
The scaler is directed in such a way that he is
no longer a judge of what the commercial stan-
dard of utilization ought to be; he has definite
instructions to follow enacted by official
authorities, and he must follow them. The re-
sult has been thet the scaler now submits much
closer tallles, or, in other words, that the
range or variation between the different scales
is always the same if the log of wood is sceled
either a repeated number of times by the same
scaler or by many scelers. . ."

Board foot log sceles are not such an adventage to
the lumber industry as?mightbe supposed. Less than one

fourth.of tﬁe lumber sold in the United States is of one



inch dimension, and often the board foot is not used in
transactions of lumber. Msny times it is by the pilece
and is converted to a board foot basis for béokkeening
purnoses.

Scaling to get an overrun is 2 common practice with
many mills, and as long s they consistently get from
5 per cent to 10 or 15 ver cent overrun, the mill manager
cen afford to sit beck and relax. But if the mill manager
only knew that his overrun should be higher then it is,
he would not have the complacent feeling. As it 1is, he
thinks he is getting more than he pays for. But if he
could determine from the actual volume that he bought
that he really should be getting more lumber, he would
immediately take steps to see thet he got it. If he knew
a definite ratio of volume to mill telly, he could easily
know whether he wes geting full value received, and this

em———

could essily be determined from a cubic foot log scele.

While it is true that lumber is the most importent
single product of the forest, consuming about 40 per cent
of the timber cut, less than 25 per cent of this lumber
is in one inch boards, the basis of all board foot log
rules, another snomaly in the use of bosrd foot log scales.,

Other industries such as pulp, veneer, rlywbod,
shingles, charcosl, charcoal distillates, fuvelwood, ete.,

nse more than one half the timber consumed in the United

States. 1In industries of this sort, board foot log rules
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are poor indicetors of actual volﬁmes beceuse they pre-
suprose considerable sctual waste and are merely a basis
of price compretition. These manufacturers need s unit

of meesure that will tell them what the log actually con-
tains. The board foot rules does not do this: the cubicsl
rules do.

Board foot log rules lead to the large waste of
small timber that is left in the woods becsuse of their
low board foot scale. The reason for this is the large
number of cubic feet per thousand board feet. This is
very nestly hidden to gain a large overrun on small logs.
Although it is true that these small logs do not contein
the higher ouality lumber, they still contein good lumber
and wonld be brought in from the woods if their volume
was on the same basis as the larger trees.

Industries that gein their revenue from the trans-
nortation of logs would undoubtedly favor the cubic foot
log rule as this would give 2 much better basis for rates
than the thousand foot log scele. Rates for logs are
either on a thonsand feet log scale basis or on a carload
basis., In either case, the rates devend primarily on
weight., If it 1s worth 307 a ton to haul logs between
two points, and a thousand feet of logs aversge four tons
in weight, the rate becomes $1.20 per thousand feet.

Although the rate is figured on a rer thousand feet

basis, the fact that logs sverage so much weight ner
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thousand 1s the basis of the rating. It is true that
cubic volume 1is not a perfect criterion of rate because
of certain factors such as hesvy butt logs, heavy sap
wood, and other things, but the_basic fact 'exists that
cubic volume is a better expression of weight than board
foot log rule.

The board foot log scele is not in use anywhere
except in North Americen, while in almost every other
countrv either cubiec foot or cubic meter is used. Central
Burore, France, Switzerland, Scandinavia, South America,
South #frica, the Far East, and Australia use cubic
measure .

Another anomaly in the use of the board foot log rule
is the more inaccurate the rule, that is the less eouity
between the log scale and mill tally, the more propular it
is with buyers of logs and mill men. The result is that
inaccurate log rules flourish and tend to drive out the
accurate rules. +Lhe resson behind that is to gain over-

run, that bonus the industry seems to need to comnensate

for unforeseen circumstances.

An attempt to study three rules in common unse in the
northeast was attempted by the Department of Forestry at
Cornell, Northeast Forest Exverimental Station, the Forest
Products Laboratory, and Department of Forest Management

at New York State College of Forestry at Syracuse Univer-

sity in an actual mill study in 1937. 1In all, about fifty
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mills were visited but onlv a small proportion contributed
greatly to the study. ihe study was limited to hardwoods..
cut at mills of a permanent nature. The logs were scsaled,
the cut tallied on the grading table at the mill in terms

of one inch boasrds. The result:
International fule

Mil%# tally overran the log scale by an aversge of
4.4, Overrun was on logs of less than 12 inches with
the maximum of 8% per cent on 9 inch logs which were only
27 per cent of the logs cut and only 16% per cent of the
value. Above 12 inches the International consistently
produced an increasing underrun, 2 per cent at 13 inches,
4% per cent at 14 inches, 8% per cent at 16 inches, 9%

per cent at 20 inches.

Doyle Rule

The Doyle Rule gave an overrun for all size and
lengths up to 24 inches in diameter. The average over-
run smounted to 29% ver cent. A 9 inch gave 103 per cent
overrun. However, this only accounted for 4 ver cent of
the volume. A 12 inch log gave 45 per cent overrun, 16
inch log a 14% ver cent, a 20 inch log 2% ver cent.(KVerv
few logs were cut above 22 inches so that logs gave an
underrun amounting to only 6 per cent of the value, there-

5
fore, giving a decided advantage to the mill man.,
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Seribner Rule

The Seribner fule occupies a very favorable medium
between the Doyle and International Rule. It gave an
average of approximately 8 per cent overrun starting with
a 27 ver cent overrun at 9 inches, decreasing to about

17 or 18 inches where it changed to a slight underrun.

From this study it is very easy to see that board
foot log rules do not serve the purrose for which they
are intended a2s thev are not even arproximately accurate
in many cases and not 211 accurate for some sizes of
logs; Another thing brought out in this investigation
wes that 70 per cent of the inch lumber produced in New
York was a product of six or eight of the larger mills.
The greater number of mills were producing mine timbers,
piling, railroad tiles, etc., in which the production of
a few hardwood boards was incidental to reducing the
timber to the desired dimensions. Yet, these mills buy
their logs on a board foot basis and sell their product
by the niece, lineal foot, or even cubic foot.

VThe arguments for a cubiec foot log rule summed up
thus:

1. The cubic foot is an absolute measure of

voluméiand is indevnendent of standards of

utilization.
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The cubic foot is 2 precise value and tends
itself to standard methods of accounting

and will nroduce a truer picture of overat-
ing costs.

Its adoption would avoid confusion and dis-
partiy existing between log scale and mill
tally in bookkeening transactions, svpraissls,
and business negotiations.

It necessitates no assumption as to the
products to be made, efficiency or intensity
of manufacturing, or necessity of a bonus for
inefficient or badly managed menufacturing
setups.

Cubic contents can be more easily and exsctly
computed than board foot contents. Easily
lends itself to sceling practices, and of-
fers standarized and exact methods of culling.
Conversion from cubic foot to unit measure
for each vlant could be simply done and of-
fers no grester undertainty than involved now
in converting log scele to lumber tslly,

If 1t is set up within esch mill, there 1is

a definite standard of efficiency--yield ver
cubic foot of raw material.

It would be a definite advantage to agllied

industries that devrend upon the hauling of
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raw materiasls for a more exact criterion of

weight and bulk.

CONVERSION FROM CUBIC FOOT TO MANUFACTURED UNITS

Manufactured units consist of board foot of lumber,
.cords, units, souares, or bolts. These manufactured
units of measure, avnpropriated to each different manu-
fecturing setup, can be converted from cubic feet with
less uncertainty and difficulty that is often the case
in converting board foot log scales to these different
units. Possibly the most important single unit of meas-
ure would be that of board feet. This ratio would un-
doubtedly fluctuate with the typre of timber cut, the mill
equipment, and most important, the type of lumber pro-
duced, all other things being equal. The ratio of boerd
feet of one inch bosrds could be very easily computed.
But to get an accurate ratio for each individual mill,

a mill study would necessarily have to be made for each
individual menufacturing setup. The board foot-cubic foot
ratio wonld not be the same for all mills and runs of
timber more then the "overrun" per cent is the same in

all instances. 1In fact, the board foot-cubic foot ratio
devends upon the same factors thet influence overrun ver

cent.

Converting facggrs for products other than lumber

can be worked‘out %éﬁblY. Manv of the measures used in
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the timber industry, such as the cord (128 stack cubic
feet), and the unit (200 cubic feet, gross volume), are
companions of the cubie foot.

Scales of vlywood factors would have to be worked
out from actual mill studies as different logs have dif-
ferent trim, and cores very in size with different logs
and grades. Loss factors must be determined also from
piteh rings which have o different loss value in plywood

manufactories than in lumber.

Material Measure No. of solic .cu. Ratio of solid
feet in measure contents to srace

sawdust unit 80 80:200- 01 2.5
sawdust and

shavings mixed unit SH B7s200 or 5D
log fuel unit ke ) 193200 or 2.7
fuel chips unit 67 673200 o 250
fuelwood edge .

and slabs cord 80 80:128 or 1.6
forest fuelwood cord 90 90:128 or 1.4

Table 1

Ratios of Manufactured Units of Measure
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RULES FOR MEASURING LOGS TO DETERMINE CUBICAL CONTENT

Esteblishing uniform rules of measruing logs is gs

important as establishing a standard unit of volume.

Logs are often measured at several differnt places
from the woods throughout the manufacturing processes,
and unless standerd means of measuring are adonted, vari-
ations are as ont to occur as theyv commonly occur under
the board foot methods of log sceling now nracticed. To
insure uniformity the following standards of measuring
diameter and‘lengths and for determing the amount of
merchantaeble timber within the logs are suggested. No
nroéedures are recommended as similar means have been
used by good scelers for many years.

Measuring diameter is an important function in log
scaling and has considerable besring on the cuantity and
conseocuently on the logs being scaled. The following
system has been in genersl use with good scelers with
setisfactory results. As in all other departments of log
sceling, the rule estsblishes the basic princinle and the
log scaler's judgment is the deciding factor.

Tﬁe fractionsl parts of the inch are not designated
on scaling rules and a cuarter-inch margin would be con-
sidered asccurate from either side of the inch mark. The
method of tresting the fractional vart in messuring di-
ameter has a great deal to do with the final results of

n?uniform plan of contending with these

a

the scale, and
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frectional perts is verv necessary. Smell logs and medium
sized logs up to 36 inches shonld have the fractions dron-
vred. Logs over 36 inches should have all fractions carried
to the next inch if the log is thirty-two feet or over.

Since 211 logs are not round, there should be some
leeway in measuring the diameter of logs that are eccen-
tric. This should be done by teking the average of meas-
urements at right engles to each other. When logs are
floating in the water, as a rule the narrow diameter is
at richt angles to the water line. Although the narrow
diemeter is the most convenient to measure, cere should be
taken to determihe the average.

Lengths should be determined in the most accurate
way that time will allow, preferably with a tape. 2s
this is often difficult, and good scslers can determine
the lengths by pacing the log as thev look 1t over, this
will wndoubtedly be the most common way of measuring the
logs.

If all logs were straight snd sound, scaling would
be simrle. *his very seldom haprens; therefore, deduc-
tions must be made for defect that makes wood unfit for
use. No deductions should be msde for knots, burls,
snifal 53512;?cross grain, small pitch pockets, light sav
stains, end similar imperfections which affect the cuality
rather than the guantity of the log. Imperfections that

affect the guantity of the log may be roughly classified
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as follows:

l. Interior defect: internsl decay, heart
shake, piteh rings, pitch seem defects,
sprangles, etec.
2. Periphery deflects: sap rot, Season checks,
catface, roughnéss, ete.
3. Crook defects: sweep, crook, and crotch.
4. Overeting defects: Dbreaskage, end broom,
slab, split, etec.
Scaling practices now deduct for defects by euts
in diameters or lengths. <This is often cuite unfeir as
arbitrary cuts for defects are not exact enough because
of the different effect defects have upron logs devend-
ing on where the defects are located in the log.
Ordinarily, reductions for defects are made by
reducing the diameter or the length. Diameter reduc-
tions are taken for sap rot, piteh circles, heart check,
catface, and seaons checks, and length reductions are
taken for rot, broken ends, crook, and worms, but these
methods vary the amount taken from the log in accordance
with the size of the log. One inch from a large log is
a great deal more than one inch from a small log.
The best means of reducing the ocuantity in a log for
defects other than perirvhery defects should be by a re-
duection in the percentage of the Volume; This reduction

would be determined by disgrams, the formula for which
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e )
should be ¥ xifz' “L, in which "W" eguals the width, "T",
the thickness, a;d "L", the length. This is often dif-
ficult to apply in the field, but a percentage cen very
easlilly be caculated by an expverienced scaler.

Periphery defects should be cut by scaling inside

the defects.
Culling Logs

Culling logs is largely a log affeir which varies
as to business conditions and other factors. However,
this cen very easily be teken care of in the same way

that logs are now culled.
Forms

Forms for recording the scasle of logs by cubic foot

scele cen be verv easilv converted from standard forms in

use today.

CONSTRUCTION OF THE CUBIC FOOT RULE

The better board foot rules in use today take into
account the taver of the log so thet long logs may be
scaled as one log, so no better princinle can be followed
in constructing a cubic foot log rule, esﬁecinlly if: this
rule is built for the vprimary purpose of determining the

actual volume  -of the log. A taver of about five-tenths

of an inch in four feet is approximestely average for every



timber tyre in the United States. This is thée finding of
James .W. Girard, assistent director of the forest survey.
Mr. Girard has cruised in every imnortent timber tvype in
this country snd undoubtedly knows more sbout the form:

of trees and their teper than any other individuvel. There
are some timber types that this does not fit too well--

in some trees such as old growtk southern pvines, soﬁe
species of heardwood, and some very short second growth.
Even to these a five-tenths inch taver can be spplied with-
out much inaccuracy.

It is true that all logs in trees may not have exsctly
the tarer nresupposed by the cubic foot rule adopted for
use. Top logs and butt logs contain more taper than aver=
age and will undoubtedly contain more volume then the rule
indicates. However, slight varietions will occur but these
will not be important from a commercial standpoint.

In this cubiec foot rule I have incorvorated a oneQ
inch taver in ten feet rather than the more accurate
five-tenths of an inch in four feet. This will give slight
less volume than what 1is sctually in the log, but present
means of utilization are not exacting enough to demand
exact volumes, and also, common sceling vractices in scél—
ing long logs ellow for one-inech tavering in ten feet.

So that this cubic foot ruwle will very readilvy con-
form to present-day scelers! methods of sceling, this cubie

foot rule adds one inch to the end diameter for every ten



feet or large fraction thereof, so that a 16 foot log will
have a 2 inch larger diameter on the butt than on the ton,
Another inch will be added at 26, 36, etc.

My volumes were ietermined on the ®malian formuls
which gives the volume of the frustrum of s paraboloid,
based on its length and end areas. The formula reads
y=At a L, where "V" 1s the volume, "A" is the area of the

2
large end, and "a", the ares of the smell end, and "L",

the length.
Thus, a 16 foot log with the tor end diameter of 12

inches, (area 1.7854), and a large end diameter of 14 inches,

(area 1.0690), has a volume of 15 cubic feet, computed as

follows; (2:7854 . LS00y de= 14.8568: ponsding oFf fo TE



Length?

Jst” 10
12
14
16

18

s
24

26

30
52
54
36
38

40

CUBIC FOOT LOG

SCALE

A 7
Diameter ? ﬁbr ‘

6 14 8 9 10 11 18 13 14
2 5] 4 5 6 7 o 10 11
5) 4 5 6 4 9 10 12 14
3 4 6 74 8 10 12 14 16
4 6 7 8 11 13 15 35 20
5 6 8 .2 12 14 17 19 ee
5] 7 9 10 13 16 19 os 25
6 8 10 11 15 17 20 24 T
6 ¥ 11 12 16 19 23 26 30
8 11 13 16 19 23 26 30 54
9 gl 14 g ok 24 28 32 37
10 12 15 18 A 26 30 35 40
10 13 16 20 23 28 32 37 43
11 14 17. oY 25 29 34 39 46
13 it 21 25 29 35 39 45 51
14 18 22 26 31 37 41 47 54
15 19 23 27 32 39 44 50 57



Diameter

Length 15 16 L7 18 19 20 2l =2 23

10 13 15 : bt 19 21 23 25 28 30
12 16 18 20 22 25 28 1 A 36
14 18 2 23 26 29 52 35 39 42
16 22 25 28 32 35 39 42 46 50
18 25 28 32 56 39 43 48 o2 57
20 28 32 35 39 L 48 03 58 63
e 31 35 39 43 48 53 58 64 69
24 34 38 43 47 o2 58 63 69 76
26 39 4a 49 54 60 66 72 78 86
28 42 47 53 58 65 Tk 78 85 92
30 45 50 o6 63 69 76 83 9k 98
32 48 54 60 67 74 81 89 97 105
34 51 57 64 Tl 78 86 94 103 i M
36 58 64 72 79 87 96 105 114 124

58 61 68 76 84 b2 101 110 120 130

40 64 72 80 88 a7 106 116 127 137



25

Diameter

24 25 26 27 28 29 30 31 32

Length
10 33 36 38 41 44 48 51 54 58
12 39 43 46 50 53 57 61 65 69
14 46 50 53 58 62 67 71 76 81
16 55 59 64 69 74 79 84 89 95
18 61 67 72 77 83 89 95 101 107
20 68 74 80 86 92 98 105 112 119
22 75 81 88 94 101 108 116 123 131
24 82 89 96 103 110 118 126 134 143
26 93 100 108 116 124 132 141 150 160

28 1007108 118 124+ 88 " 152 . Yg2 [ LI7R
30 107,116 - F8a 133 CAEEN R EER 163 1737 184
32 134 0198 Q82 142 Sl6R 388 o Y74 1885 106
34 105 ERTIN SRR i R S SR e Tt U SR F o CEC E e T
36 dod w144 GORE - 166 ANINB L ORO0. . 202 215 228

38 141 152 163 175 188 200 213 226 241

40 | 148 160 192 184 19% 213 224 238 253



Diameter

33 34 55 56 37 38 39 40 41

Length
10 81 65 69 75 7Y 81 85 90 94
12 73 78 85 87 92 M 102 107 113
14 86 91 96 102 107 115 119 125 132

16 101 107 113 120 126 133 140 147 154
18 114 120 127 135 142 150 157 165 173
20 126 134 142 150 158 166 175 184 193
2z 139 147 156 165 174— 183 192 202 2k2
24 151 161 170 179 189 199 210 220 231
26 169 179 189 200 e 222 233 245 256
28 182 193 204 215 227 239 251 263 276
30 195 207 218 231 243 256 269 282 296
32 208 220 233 246 259 273 287 301 316
34 221 234 248 261 275 290 305 320 535
36 241 255 270 284 300 315 331 347 364

38 255 269 285 300 316 353 349 567 384

40 268 284 299 316 333 550 368 386 404



27

Diameter

42 43 44 45 46 47 48 49 50

Length
10 99 103 108 113 118 123 128 134 139

47 118 124 130 135 142 147 154 160 167
14 138 144 151 158 165 172 180 187 195
16 161 169 e g 185 193 201 210 218 227
18 182 190 199 208 X7 226 236 246 256
20 202 Bl erl 251 241 £51 268 273 284
oo 222 232 243 2504 265 277 238 300 312
24 242 253 265 Yy i 4 289 302 315 327 241
26 272 281 294 307 320 334 348 362 377
28 293 303 317 331 345 360 375 390 406
30 313 524 339 554 370 585 401 418 435
32 334 346 562 378 394 411 428 446 464
54 355 368 384 401 419 437 455 473 493
36 381 398 416 435 453 472 492 512 532

38 402 420 439 459 478 499 519 540 561

40 403 443 463 483 504 525 546 568 591



Length
10

12
14
16
18
20
22
24
26
28
30
32
34
56
38

40

28

Diameter

o1 52 53 54 55 56 57 58 59 60
145 150 156 162 168 174 180 187 193 200
174 180 187 194 202 08 216 224 232 240
203 210 219 28 235 244 2D 261 270 280
236 245 255 264 274 284 294 304 314 325
266 276 286 297 308 319 330 342 554 365
295 507 318 330 342 355 567 380 3593 406
325 337 350 363 376 390 404 418 432 447
354 368 382 396 410 425 441 456 471 487
391 406 421 437 453 4€9 486 502 519 537
421 438 454 471 4883 505 523 541 559 578
451 469 486 504 523 541 560 580 599 619
481 500 519 538 558 577 598 618 639 660
512 531 551 572 592 613 635 657 679 702
5562 573 595 617 639 661 684 708 732 755
583 605 628 651 674 698 722 747 712 797
614 637 661 685 710 735 760 786 813 839



