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INTRODUCTION.

In 1908 the State Forester published, under the title

"Forest Mensuration of the White Pine," a booklet contain-

ing most of the data on the white pine included in this bulletin.

A second edition was published in 1911, and as that is now
exhausted a third edition seems necessary. Since the original

investigation of the white pine was made the Department has

also collected similar data on other species, and the Depart-

ment of Forestry at Harvard University has in its research

work published a large amount of information along similar

lines. It seemed to the Commissioner of Conservation that

these tables, many of which are very valuable and interesting

to the forest owner, should be made available for use of the

general public by including them with the original material.

Director R. T. Fisher of the Harvard Forest has very graciously

accepted this suggestion, and has turned his material over to

us for use in this bulletin. To Mr. H. 0. Cook, M.F., the

author of the original bulletin on white pine mensuration, has

been assigned the task of compiling and editing the present

publication.

WM. A. L. BAZELEY,
Commissioner of Conservation.





FOREST MENSURATION.

THE BOARD FOOT.

The unit of measure on which sawed lumber is almost uni-

versally sold in the United States is the board foot, which is

a board 12 inches square and 1 inch thick. In southeastern

Massachusetts, however, they have a practice of sawing

lumber five-eighths inch thick, and they call a board foot a

board which is 12 inches square and only five-eighths inch in

thickness. The variation is often the cause of some misun-

derstanding by those who are ignorant of the local system.

The number of board feet in any given piece of lumber is ob-

tained by multiplying the product of the width and thickness

in inches by the length in feet, and dividing by 12. For

instance, a plank 8 inches wide, 2 inches thick, and 12 feet

long will figure as follows: 2J/ x 8" x 12
'^Q board feet

Professional sealers have a board rule which is laid across the

width of a board, and on the rule are given the board-feet

contents of that particular width and length, provided it is

1 inch thick. If, however, it happens to be thicker, say 1|

inches instead of 1, the scale as indicated on the rule must be

increased 50 per cent to allow for the additional thickness.

The scaling of square-edge lumber with straight and parallel

sides is a mere mechanical process, but it happens that most

of our native lumber cut in Massachusetts is sawed through
and through, with the bark left on the edges. Such lumber is\

narrower on one face than on the other, and the board is
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narrower at one end than at the other. (See diagrams on

page 63.) The rule for scaling this form of lumber provides
that it must be scaled on the narrow face inside the bark at

the place of average width. The determination of the place

of average width is left to the sealer, so that it means that a

man measuring this kind of lumber must have good judgment
and be without bias.

LOG RULES.

The contents of round logs are usually expressed in terms

of board feet, and a log rule purports to show the number of

board feet that can be sawed from a log of given length and

diameter. Log rules are of two classes. The first class may
be called the theoretical rules, which are based on geometrical

or mathematical formula?, where given values are allowed for

lumber that must be wasted in slabs and saw kerf, and the

remainder figured as usable boards. There are more than

forty such rules in use in America, no two of which give the

same value to the same log. As they are nearly all meant to

apply to square-edge lumber they have no value for use under

our local conditions. The second class is made from mill

tallies; that is, logs are followed through the mill and the

number of board feet each log actually sawed out noted. The
results of many logs are then averaged. The log rules printed

in this book were constructed in this fashion, and they are

commended for use in all transactions for buying or selling

logs where the ultimate product is to be in the form for which

the log rule is constructed. They are based on conditions of

lumbering and sawing found in this State, and are the results

of averaging the saw bill of many mills, most of them of the

portable kind, having circular saws cutting a inch kerf, un-

less otherwise noted.



In addition to log rules based on board feet we have in use

in northern Massachusetts, and also to some extent in south-

ern Massachusetts, the so-called caliper cord. The basis of

this rule is the cylindrical foot, a cylinder a foot in diameter

and a foot in length. It will be seen that by placing four of

these end to end one has a stick 4 feet long and 1 foot in

diameter. Eight such sticks placed side by side and four

ranks deep will occupy a space 8 feet by 4 feet by 4 feet, or a

cord, hence 128 cylindrical feet equal a cord. By means of

a special caliper measure used on the middle of the log the

number of cylindrical feet in that log are determined, and

128 such feet are called a cord.

There is a variation of this caliper cord rule very consider-

ably used, called the Humphrey rule, in which the cylindrical

foot unit is somewhat larger than 1 foot, and so proportioned

that 100 instead of 128 cylindrical feet will occupy 128 cubic

feet of space. This makes it possible to express the volumes

of the logs in decimal parts of a cord, and it is therefore very
convenient to use. The resulting sum is exactly the same

as the ordinary caliper cord rule.
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TABLE No. 1. Mill Tally Log Rule for Mixed Oak.

DiAMFTER,
INSIDE BARK
AT SMALL END

(INCHES).
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TABLE No. 2. Mill Tally Log Rule for White Pine.

DIAMETER, OUTSIDE BARK AT
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TABLE No. 3. Mill Tally Log Rule for White Pine.

DIAMETER, INSIDE BARK AT
SMALL END (INCHES).
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TABLE No. 4. Mill Tally Log Rule for White Pine.

DIAMETER, INSIDE BARK AT
SMALL END (INCHES).
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TABLE No. 5. Mill Tally Log Rule for Chestnut.

DIAMETER, INSIDE BARK AT
SMALL END (INCHES).
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TABLE No. 6. Graded Mill Tally Log Rule for Yellow

Birch.

10-Foot Logs.

DIAMETER,
INSIDE BARK
AT SMALL
END

(INCHES).
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TABLE No. 6. Graded Mill Tally Log Rule for Yellow

Birch Continued.

12-Foot Logs.

DIAMETER,
INSIDE BARK
AT SMALL
END

(INCHES).
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TABLE No. 6. Graded Mill Tally Log Rule for Yellow

Birch Continued.

14-Foot Logs.

DIAMETER,
INSIDE BARK
AT SMALL
END

(INCHES).
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TABLE No. 6. Graded Mill Tally Log Rule for Yellow

Birch Concluded.

16-Foot Logs.

DIAMETER,
INSIDE BARK
AT SMALL
END

(INCHES).
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TABLE No. 7. Graded Mill Tally Log Rule for Beech.

10-Foot Logs.

DIAMETKR, INSIDE BARK
AT SMALL END (INCHES).
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TABLE No. 7. Graded Mill Tally Log Rule for Beech

Continued.

12-Foot Logs.
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TABLE No. 7. Graded Mill Tally Log Rule for Beech

Concluded.

16-Foot Logs.

DIAMETER, INSIDE BARK
AT SMALL END (INCHES).
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TABLE No. 8. Graded Mill Tally Log Rule for Sugar

Maple.

10-Foot Logs.

DIAMETER, INSIDE BARK
AT SMALL END (INCHES).
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TABLE No. 8. Graded Mill Tally Log Rule for Sugar

Maple Continued.

13-Foot Logs.

DIAMETER, INSIDE BARK
AT SMALL END (INCHES).
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TABLE No. 8. Graded Mill Tatty Log Rule for Sugar

Maple Concluded.

16-Foot Logs.

DIAMETER, INSIDE BARK
AT SMALL END (INCHES).
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VOLUME TABLES.

A volume table gives the number of board feet or other

units that one may expect to obtain from a tree of given

dimensions, the given dimensions being the diameter breast

high and the total height, or the used length of the trunk

of the tree. Many lumbermen use the diameter at the top of

the stump as the diameter of the tree, but this is unsatis-

factory, because stump heights vary, and also there is usually

a considerable swell at the base which varies greatly in trees

of the same general size. Breast-high diameter (about 4|

feet above the ground) is at a convenient elevation for actual

use, and it avoids the two objections to stump diameters just

enumerated. In the pine and chestnut volume tables it is

presumed that all the bole above a 6-inch stump and below

a top diameter of 4 inches is used.

The utility of volume tables lies in estimating the quantity

of standing timber. A dozen different methods of estimating

can be suggested in which volume tables play a part, and

which vary in accuracy. The most accurate and best method

for small lots is to caliper every tree, obtaining thus their

diameter and number. Then obtain the average height of the

stand, if it is more or less uniform, or otherwise divide the

trees into two or more diameter classes, and get the average

height of each class. From the volume tables obtain the

volume of each diameter class, multiply by the number of

trees, and add all together to make the volume of the stand.
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A second method is to select a "sample plot" of known

area, preferably one-quarter acre. A circle with a 59-foot

radius, or a square 104 feet on a side, encloses one-quarter

acre. Caliper all trees on this plot, and obtain the volume as

above. The total volume will be to this volume as the total

area is to the area of the sample plot.

A simple, but yet more uncertain, method is to count the

trees on the lot, pick five or six which appear to be average,

scale these by the volume table to obtain the volume of the

average tree, and multiply this amount by the total number of

trees. If one is not careful in selecting his average trees the

error is multiplied many times, so that this method is not

highly recommended.

The simplest although not the least laborious way of getting

at the height of a stand is to cut down an average tree and

measure it with tape. Fallen trees can often be found on the

ground. Any instrument that reads angles, a measuring tape,

and the application of a little trigonometry will give the desired

results. There are several instruments constructed to give

by direct reading the heights of trees.

There is a method of obtaining the height of a tree that is

fairly simple and requires no instrument but a stick which,

when stuck in the ground, will come to the level of your eye.

Set this stick in the ground at such a distance from the base

of the tree to be measured so that when you lie on the ground
with your feet at the stick the top of the tree and the top of

the stick are in line. The distance between your head and

the base of the tree is equal to its height.

A caliper of great convenience for use in connection with

volume tables and log scales mentioned in this book consists

of a beam 36 inches long and graduated into inches and tenths.

At the left end is a rigid arm set at right angles to the beam,
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while another arm is so fixed that it will slide back and forth

at will. These calipers can be purchased from Keuffel &
Esser Company, of Jersey City, N. J.

A*'***** 4* IT 4 IM

TREE

The volume tables for pine are of three kinds, first, a

table showing quantities in board feet; second, one showing
volumes in caliper cords; and third, one showfng volumes in

solid cubic feet. The volume table for oak is classed, not

on diameter and total height, but on diameter breast high

and merchantable length. By merchantable length we mean
that portion of the bole that can be cut into saw logs. In the

table on chestnut only the volumes in board feet are given.
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TABLE No. 9. Volume Table for Mixed Oak.

DIAMETER, BREAST
HIGH (INCHES).
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TABLE No. 10. Volume Table for White Pine.

DIAMETER,
BREAST
HIGH

(INCHES).
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TABLE No. 11. Volume Table, in Caliper Cords, for

White Pine.

DIAMETER, BREAST
HIGH (INCHES).
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TABLE No. 12. Volume Table for White Pine.

DIAMETER, BREAST
HIGH (INCHES).
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TABLE No. 13. Volume of Chestnut in 6 by 8 Inch Ties

and Additional Cordwood.
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TABLE No. 14. Volume Table for Chestnut.

DIAMETER,
BREAST
HIGH

(INCHES).
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TABLE No. 15. Volume Table for Red Maple.

DIAMETER,
BREAST
HIGH

(INCHES).
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TABLE No. 16. Volume Table for Red Maple.

DIAMETER,
BREAST
HIGH

(INCHES).
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TABLE No. 18. Number of Red Maple Trees required to

yield One Cord of Wood.

DIAMETER,
BREAST
HIGH

(INCHES).
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TABLE No. 19. Graded Volume Table for Yellow Birch.

Used Length, 12 Feet.

DIAMETER,
BREAST
HIGH

(INCHES).
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TABLE No. 19. Graded Volume Table for Yellow Birch -
Continued.

Used Length, 16 Feet.

DIAMETER,
BREAST
HIGH

(INCHES).
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TABLE No. 19. Graded Volume Table for Yellow Birch

Continued.

Used Length, 22 Feet.

DIAMETER,
BREAST
HIGH

(INCHES).
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TABLED No. 19. Graded Volume Table for Yellow Birch

Continued.

Used Length, 26 Feet.

DIAMETER,
BREAST
HIGH

(INCHES).
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TABLE No. 19. Graded Volume Table for Yellow Birch

Continued.

Used Length, 30 Feet.

DIAMETER,
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TABLE No. 19. Graded Volume Table for Yellow Birch

Concluded.

Used Length, 34 Feet.

DIAMETER,
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TABLE No. 20. Graded Volume Table for Sugar Maple.

Used Length, 12 Feet.

DIAMETER, BREAST
HIGH (INCHES).
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TABLE No. 20. Graded Volume Table for Sugar Maple
Continued.

Used Length, 24 Feet.

DIAMETER, BREAST
HIGH (INCHES).
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TABLE No. 20. Graded Volume Table for Sugar Maple
Concluded.

Used Length, 36 Feet.

DIAMETER, BREAST
HIGH (INCHES).
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TABLE No. 21. Graded Volume Table for Beech.

Used Length, 12 Feet.

DIAMETER, BREAST
HIGH (INCHES).
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TABLE No. 21. Graded Volume Table for Beech Con-

cluded.

Used Length, 24 Feet.

DIAMETER, BREAST
HIGH (INCHES).
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YIELD TABLES.

Yield tables show the volume in board feet or other units

for an acre of fully-stocked woodland at any given age.

By the term "fully-stocked" we mean that the crowns of the

trees occupy all the available space on the acre and that

there are no blanks nor openings.

A yield table can be used to predict the future yield of

young or middle-age stands. The owner finds the age and

volume of his present stand in order to determine in which

quality site it belongs, and from the table he can predict its

yield at any period in the future. In making his calculations

allowance must be made for the fact that his immature stand

may not be fully stocked. In the same way the yield table

is necessary in predicting the returns from an investment in

planting. They are of particular value in suits where damage
to immature timber is involved, for in such case the loss is

the destruction of possible future growth. They are of some

use in estimating the present contents of stands if the esti-

mator can determine the present age, and, from the height,

the quality of the site on which his stand is growing.

For the data on the pine yield tables 177 sample plots were

measured in stands ranging from twenty to seventy years.

All the trees on each quarter or eighth acre plot were calipered,

and the volumes computed from the volume tables. These

sample plots were divided into three site or soil classes (called

Quality I, II, III) according to their rate of growth in volume.

It has since been generally agreed by foresters that height

growth is a better index of quality of site than volume, and

the yield tables on hardwoods are divided on this basis. For

the latter, two sets of tables are given, one of which includes

all trees of 2 inches diameter and over, in which the mer-
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chantable volume is expressed entirely as cordwood; and

second, a table containing only the trees of over 7 inches

diameter, where the merchantable volume is expressed in

board feet and additional cordwood. There is a third yield

table for inferior hardwoods. By the term "inferior hard-

woods" is meant stands composed principally of gray birch,

red maple and poplar. Naturally the amount of saw timber

to be obtained from such weed species is small.
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TABLE No. 22. Normal Yield per Acre, in Cubic Feet

and Cords, of Better Second Growth Hardwood Stands

in Central New England.

SITE CLASS I.

All trees 2 inches and over in diameter.

AGE
(YEARS).
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TABLE No. 23. Normal Yield per Acre, in Cubic Feet

and Cords, of Better Second Growth Hardwood Stands

in Central New England.

SITE CLASS II.

All trees 2 inches and over in diameter.

E_

AGE
(YEARS).
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TABLE No. 24. Normal Yield per Acre in Board Feet and

Additional Cords, Cubic Feet and Cords of Better Second

Growth Hardwood Stands in Central New England.

SITE CLASS I.

All trees 7 inches and over in diameter.

AGE
(YEARS).
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TABLE No. 25. Normal Yield per Acre in Board Feet and

Additional Cords, Cubic Feet and Cords of Better Second

Growth Hardwood Stands in Central New England.

SITE CLASS II.

All trees 7 inches and over in diameter.

AGE
(YEARS).
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TABLE No. 26. Normal Yield in Cubic Feet and Cords of

Inferior Second Growth Hardwood Stands in Central New

England.
All trees 2 inches and over in diameter.

AGE (YEABS).
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TABLE No. 27. Yield Table for White Pine.

AGE (YEABS).
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TABLE No. 28. Yield from Thinnings.

Trees under 5 inches, from report of the New Hampshire Forestry Commission
1906.

AGE (YEARS).
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frustum of a paraboloid, and the top as a cone. By counting

back on the annual rings, and measuring the diameter at

every tenth ring, we can obtain the cubical contents of the

tree as it was ten years, twenty years, ago, and so on back

until it was in the neighborhood of ten years old. The trees

growing in what is described as rich lowland show the most

rapid growth in volume, although those described as coming
from upland pasture are not far behind. It is quite probable

that the latter trees were growing under somewhat more

crowded conditions, and did not have quite as much oppor-

tunity to develop their diameter growth to its fullest capacity.

That they were more crowded is indicated by the fact that

the tables on height growth show a slightly higher rate for

the upland pasture trees. The rate of growth for trees on

sandy soil is very much slower than that for the other two

types, being not much over 50 per cent the rate of the low-

land type. This seems to refute the prevailing idea that soil

and moisture conditions have very little effect on the growth
of pines. In this connection it is interesting to note that

the rate of growth of pines in wet swamp is the lowest of all,,

indicating that too much water retards the growth of pines

even more than too little.

The tables of height growth follow the same general lines as

those for volume growth, except that, as stated above, upland

pasture slightly exceeds that of rich lowland. The rate for

the favorable sites (upland pasture and lowland) exceeds

that of the less favorable sites by 20 or 25 per cent, a differ-

ence in rate somewhat less than that of the volume growth.
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TABLE No. 29. Growth Tables. Growth in Volume.

AGE (YEAES).
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TABLE No. 30. Growth Tables. Growth in Height.

AGE (YEARS).
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TABLE No. 31. White Spruce Growth Table for Even-aged
Stands.

AGE.
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MISCELLANEOUS NOTES.

While gathering the data for the pine tables in this bulletin

it was possible to investigate several related problems which

are of especial interest to lumber operators. The available

data may not be sufficient in every case to yield conclusive

results, but they are offered for what they are worth.

Sawing Boards and Planks.

As has been stated before, nearly all our native pine logs

are sawed in round-edge lumber in two general classes, the

first being box boards which are usually 1 or 1| inches in

thickness, and the second plank or butt cuts, which are

2| inches in thickness. The log scale on page 12, compiled

by the Massachusetts Forestry Department, was derived

from logs sawed into box boards, while the scale com-

piled at the Harvard Forest was derived from logs sawed

largely into plank. If the two scales are compared, one will

note that with the smaller logs box boards show a higher

yield than plank, while in the larger logs the positions are

reversed. The following diagram of a 2|-inch plank taken

A _C 9

Comparison of Scale in Saw'vr\g 2. '/
"
Plar\V< cmd I

"
BocxrcAs

from a small log will serve to explain the reason. The plank
is scaled on the narrow face C-D and the result multiplied
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by 2, whereas if that plank were sawed into two 1-inch boards

we would have the combined scales C-D plus A-B, which is

larger than twice C-D by A-C and D-B. The larger the

logs, however, the smaller the wane, that is, the smaller the

difference between the wide and narrow face, so that with the

wider planks there is no loss in scale and there is an actual

saving in lumber due to the fewer saw kerfs made in sawing
2-inch instead of 1-inch lumber. Therefore on the larger

logs the rule for plank exceeds that for box boards.

Band Saw versus Circular.

A portable mill located near Manchaug was equipped with

a band saw instead of a circular, so that it was possible by

constructing a mill tally rule at this mill to compare the results

of using a band saw which makes a kerf only one-eighth of an

inch in width with a mill tally rule represented by the general

Massachusetts rule, which allow for a circular saw kerf of one-

quarter of an inch. The two rules are printed in parallel col-

umns below, and a comparison will show an average gain of 20

per cent in the yield of pine logs by using the band saw. It

would seem that this saving would justify a more thorough

tryout of the band saw, even in connection with a portable

mill.
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TABLE No. 32. Comparison of Log Scales (Band Saw
versus Circular Saw).

DIAMETER
AT SMALL END

(INCHES).
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The reader will note that the difference in favor of the round-

edge sawing is from 10 to 15 per cent in the smaller logs, and

gradually diminishes until it reaches zero in the case of the

16-inch logs. This is as it should be in theory, because the

difference between the two methods of sawing is due to the

slab which must be removed to produce square-edge lumber,
and the proportion of slab to the yield in lumber becomes less

and less as the log increases in size. One will also note that

the 14-foot log shows a larger difference than the 12-foot log.

This is due to the fact that there is a greater taper and con-

sequently greater proportionate waste in slab in squaring the

longer logs.

TABLE No. 33. Comparison of sawing Round and Square-edge

Lumber.

DIAMETER
AT SMALL END

(INCHES).
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The following diagrams explain more clearly the loss of

scale and lumber that comes in squaring round-edge lumber.

As has been said before, round-edge lumber is scaled on the

narrow face at the point of average width; on the other hand,

if the board is squared its width is limited by the dimension

at the small end or at some other narrow point. The two

diagrams show the effect of squaring two round-edge boards,

one with an excessive amount of taper and the other with

a bad crook. The dotted line R represents the scale of the

round-edge board, and the line S the scale of the square -edge

board. Although there is a considerable loss in scale, there

is even a larger loss in material.
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Equivalent Factors.

The following table contains a series of converting factors

which are often useful. The first shows the number of board

feet that one can expect to obtain from a log per cubic foot

of solid wood. If one has a log which he wishes to scale and

is not equipped with a log rule, he can find the solid contents

by cubing the log as the frustum of a cone, and then, remem-

bering that the average log will yield 7 board feet per cubic

foot, he can convert his cubic contents into board feet. These

are the factors for round-edge lumber. In the case of square-

edge lumber an average factor is about 6.5 board feet.

One will note that the equivalent factor is only 5 feet for

small logs, and 7.5 for the larger. The increase is due to the

fact that in the sawing of smaller logs there is a larger per-

centage of wood which must be wasted in the form of slab

and saw kerf.

In the chapter on log rules we called attention to the caliper

cord. In commercial practice it is usual to state that it takes

a cord and a half to equal a thousand feet, or, to reverse the

statement, a cord is equal to 670 board feet of inch lumber.

Reference to the table will show that this is a very satisfactory

converting factor for a run of logs. The increase in yield

from the smaller to the larger logs is due to the same reason

as that advanced for the yield per cubic foot, namely, the

higher percentage of waste in smaller logs. In southeastern

Massachusetts, where the practice is to saw f-inch lumber,
it is common to call 1,000 feet of this sort of lumber equivalent

to a cord, although an average run of logs will slightly exceed

this yield.
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TABLE No. 34. Table showing Equivalent Factors for

changing Cubic Feet to Board Feet and Cords to Board

Feet White Pine.

DIAMETER AT MIDDLE OF LOG (INCHES).
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MEASUREMENT OF FUEL.

There is considerable confusion attendant upon the buying

and selling of fuel wood because it is sold as one thing while

the purchaser receives it in another form. It is sold as cord-

wood; i.e., wood in sticks 4 feet long piled so as to occupy 128

cubic feet of space, but it is delivered to the consumer as

fuel wood cut into lengths 2 feet or less. The State Forester

made an investigation to determine the amount of space that

an average cord of wood should occupy after it has been cut

into the ordinary commercial lengths, 24-inch, 16-inch, 12-

inch, and then thrown loose into a bin or restacked. At the

same time, we experimented to obtain the number of 2 and

4 bushel baskets per cord. We used approximately 150 cords

of hardwood of different types, all cleft, all round, mixed

round and cleft, and the table below gives the average re-

sults of those experiments. An attempt was made to make
these figures legal standard for a cord, but the proposition

was rejected by the Legislature.

TABLE No. 35. Fuel Wood Units per Cord.

13-Inch Lengths.

Thrown
(Cubic
Feet
per

Cord).
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