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•
PROCEDURE FOR DETERMINING THE PROPERTIES
AND CHARACTERISTICS OF PULPWOOD

Forest Products Laboratory Method No. 111
By
Forest Products Laboratory,1 Forest Service
U. S. Department of Agriculture

Part I: Outline of Procedure
The standard procedure for determining the properties and characteristics of pulpwood received at the Forest Products Laboratory includes:
I.
II.
III.
IV.
V.
VI.

Identification of the species.
Description of forest and growth conditions.
Description of the pulpwood.
Physical tests made on whole logs.
Physical tests made on log sections.
Chemical analysis of wood substance.

A definite sequence of operations is followed upon receipt of each shipment of pulpwood.
The shipment is first identified by a shipment number, and a record is
made of such immediately available data as species, number of logs,
shipping point, etc. The shipment is close piled in the yard, elevated
from the ground on sound, uninfected, preferably creosoted timbers. The
ground about the pile is kept clean of bark and decayed wood. The shipment number is stamped with an impression instrument on the ends of one
or more of the logs in the bottom row of each pile, and a signboard of
about 6 inches by 8 inches, upon which the shipment number and species
name are painted, is securely nailed to one of the logs near the bottom
of the pile.

1
–Maintained at Madison, Wis., in cooperation with the University of
Wisconsin.
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I. Identification of Species
The species is determined by a xylotomist who will examine either the
logs as stored, or samples from the shipment, preferably complete discs
with bark or chips with bark. Branches with leaves and seeds or cones
attached aid materially in identification.
Description of Forest and Growth Conditions
The source of the wood and the condition under which the wood was grown
are ascertained as an integral part of the conditions of purchase and
are recorded as follows:
Source
Geographical location, altitude, and topography of stand.
Forest Type and History
Virgin growth, second growth, or reforested. (a) Naturally,
(b) artificially.
Composition of stand,.
Density of crown cover.
Degree of attack by fungi, insects.
Dates and degree of previous cuttings, fires, etc.
Growth Conditions
Environment, soil, climate.
III. Description of Pulpwood
The physical form of the wood as received is recorded according to the
following classifications:
Type of Material
Location of bolts in tree, as for instance, stump, bole, top,
branch.
Round or split wood.
Sawmill waste; slabs, edgings, hogged waste, low grade lumber.
Manufacturing waste; factory cuttings, planing mill, etc.

S
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Condition
Soundness as affected by fire, insects, and fungi.
Abnormal Characteristics
Pitch; massed, pockets, or streaks.
Turpentine faces.
Abnormal knottiness, crookedness, etc. These are also recorded
in more detail according to the methods outlined below.
Previous Treatment
Unbarked.
Barked
By hand; peeled, draw knife.
Bossed; drum or knife barker.
Worm peeled.
IV. Physical Tests on Whole Logs
This group of tests, sometimes called the "commercial evaluation," is of
interest in the buying and selling of the pulpwood. Since volume measurement is invariably practiced at the producing end in the woods, some
method of measuring the solid volume of pulpwood for commercial purposes
is an important part of any scheme of evaluation. The cord is usually
employed as the unit of volume. In certain regions, particularly in the
West where timber of large size is used for pulp, the unit of measurement is the board-foot. The methods available for taking these measurements are known to be in error. Therefore, the most accurate basis of
volume measurement is the cubic foot. A commercial evaluation also includes the average and uniformity of the log diameters, the degree of
knottiness of the wood, and its straightness. The methods for determining these characteristics are described in Part II of this report.
V.

Physical Tests of Log Sections

This group of tests is a part of what is sometimes called the "technical
evaluation," and includes the determination of those properties and
characteristics of interest in the technical processing of the pulpwood.
The following tests and measurements are made on disc samples according
to the procedures described in Part III of this report.
Specific gravity (oven-dry weight on both the green volume
and the oven-dry volume bases).
Report No. 1417

-3-

•

•
Content of moisture and volatile substances in the wood as
received.
Proportion of bark to wood on the basis of the volume as received and of the weight oven dry.
Number of annual rings or age of the wood.
Rate of growth: annual rings per radial inch, cubic feet
per year per foot of length, and variation of rate of
growth.
The average diameters of both barked wood and heartwood.
Proportion of volume of heartwood to the total volume of
wood.
Proportions of the volumes of springwood and summerwood to
the total volume of wood.
Proportions of the volumes of mild and pronounced compression wood to the total volume of wood.
The weight of chips per unit of space is determined according to the procedure described in TAPPI Standard Method T7 p-53 published by the Technical Association of the Pulp and Paper Industry.
VI. Chemical Analysis of Wood Substance

The sample for the determination of chemical constituents is obtained
either as stated in Part III, Section II, of this report, or from chips
prepared for cooking experiments. The preparation of the sample for
analysis and the chemical analyses are done according to the Standard
Methods of the Technical Association of the Pulp and Paper Industry.
Of the considerable number of empirical chemical analytical procedures
which have become more or less standard as applied to wood substance,
the following are of interest for the purpose of testing pulpwood:
Extraction with alcohol-benzene (fats, resins, oils, waxes,
and some of the so-called wood gums, etc.).
Extraction with ether (fats, waxes, and resins).
Extraction with hot water (tannins, carbohydrates, free
acids, dyes, etc.).
Extraction with 1 percent sodium hydroxide solution. (A
higher than normal solubility is an indication of the
proportion of degraded, decayed, or other chemically
abnormal wood substance.)
Cellulose: Holocellulose and alpha cellulose.
Lignin.
Pentosans: Total and in holocellulose.

•
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Part II: The Physical Tests on Whole Logs
I. Apparatus
The apparatus required consists of:
Cord rack.--A rack approximately 3-1/2 feet wide by 8 feet long by 4
feet high' to hold one cord of wood of 4-foot length.
Steel tape.--Graduated to measure the average diameter of a circular
object.
Band or circular saw.--For cross-cutting the logs.
Scales.--Of 500-pound capacity, calibrated in decimal parts of a pound,
accurate to within 0.1 percent.
II. Specimen
Estimates of the number of cords or the number of board feet in the shipment and the number of logs to the unit volume are made prior to sampling.
The bill of lading of the shipment will serve as a guide in this respect.
Samples are then selected as follows:
(a) Sample for whole log tests.--The method of selection may vary with
the unit of volume employed; that is, the cord or the 500 board,-foot
basis.
1. The cord basis.--The sample is taken as the wood is unloaded from
the car or truck or when it is repiled. If the estimated quantity of wood
is two cords, every other log shall be taken for the sample cord; if three
cords, every third log, and so on. In following this systematic selection,
any conscious choosing of the logs is to be avoided. Logs longer than 4
feet 1 inch are sawed to 4 feet. For shorter logs, a plus correction directly proportional to the deficiency is made when the final actual volume
per cord is known. The end faces of the logs shall be sawed approximately
perpendicular to the axis of the log.
The above cannot be strictly applied if the shipment consists of logs 8
feet or more in length. If the quantity of wood available is two cords,
every other log is sawed into two 4-foot logs, and both piecea placed in
the cord rack. If the shipment consists of an odd number of cords of 8foot logs, selection shall be made so that the final sample cord contains
approximately an equal number of upper and lower sections.
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The selection may become more complicated and depart somewhat from random sampling if the shipment consists of logs marked to identify the location of the log in the tree or the location of the tree in the stand.
In these cases it may be desirable to select specific logs in order to
obtain a representative sample of the entire shipment.
A complete description of the method of sampling shall be made in all
cases.
When filling the cord rack, the logs must not be fitted to each other
with care. Average woods practice in piling should be used with no conscious effort either to pile loosely or closely. The logs in the top
row, however, may be so arranged as to obtain a well-filled rack. If
parts of some of the logs protrude above the top boundary line, the volume of protruding wood shall be approximately equal to the void in the
top row below the line. A line stretched between the uprights along the
front of the top row will aid in determining the proportions of protruding wood and voids.
A photograph may be then taken of the wood in the rack, preferably with
one of the logs standing on end at one side, to obtain a record of the
appearance of the bark. If leaves or branches are available,they should
be included in the photograph.
2. The 500 board-foot basis.--The selection of the sample on this
basis follows the same general procedure as that on the cord basis. If
the average diameter of the wood is less than 15 inches, the method of
selection may be identical with that of the cord basis, and the cord
rack may be filled as described above. On the board-foot basis, it is
not essential that a given stacked volume of wood be selected; it is only necessary that the sample be representative of the shipment. The
amount of wood, however, should be approximately 500 board feet. The
number of board feet per cord for wood ranging from 6 to 18 inches in
diameter varies from 250 to 770 by the Scribner Decimal C rule. The
unit of 500 board feet chosen as the basis is approximately equal to
one cord of 4-foot wood 9 inches in diameter.
A photograph of the sample thus selected is taken in the same manner as
described for the cord sample.
(b) Sample for log section tests.--The logs to be used for the log section tests, as outlined in Parts III and IV, are chosen when the sample
for whole log tests is selected. The method of selection is described
under Part III, section II.

•
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III. Method
(a) The cord sample.--The following operations are now performed in the
order named with as little delay as possible.
1. The logs are taken from the rack, counted, weighed, and the
bark removed with a draw knife, care being used to remove as little wood
as possible.
2. After barking, the logs are weighed and the middle diameter
measured with a steel diameter tape to the nearest 0.10 inch.
3. The straightness of the logs is determined by laying a straight
edge along the most concave element and measuring the deviation at the
point of maximum deflection to the nearest 1/8 inch. This procedure is
most applicable to those logs having a relatively uniform curvature and
should not be used on logs that have large bumps or that are abnormally
crooked. In the latter case the degree of crookedness shall be recorded
as under paragraph 4.
4. a. Record is made of the number of protruding knots and whether these prevented normal nesting in the cord rack.
b. The number of surface knots are counted on the barked logs
of the cord sample or on the remaining parts of the logs taken for log
section evaluation (see Part III, section II). The knots in each log
are classified as small when 1 inch in diameter or less, medium when between 1 and 2 inches, and large when above 2 inches. Generally the
knots may be so classified by eye but in case of doubt they should be
scaled.
5. Pile the barked wood in the one cord rack and measure the
height of the wood. in the rack.
(b) The 500 board foot sample.--All of the measurements described above
are secured for this sample in the same manner.
IV. Calculation and Reporting of Results
(a) The cord basis.--The results to be reported and their method of
calculation are as follows: (Item numbers refer to Section III (a)
above).
1.

Number of pieces in the cord of unbarked wood. Item 1.

2.

Weight of the cord of unbarked wood as received. Item 1.
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3. Weight of the barked wood in the cord of unbarked wood as received. Item 2.
4. Volume of the bark-free wood in the cord of unbarked wood is
equal to the sum of the volumes of the logs (after barking), calculated
from their middle diameters (Item 2) and lengths.
5. Weight of oven-dry bark-free wood in the cord of unbarked wood.
a. If wood is green or nearly so (absence of pronounced checking in ends and sides of logs) the volume of barked wood in the unbarked
cord is multiplied by the oven-dry weight per cubic foot as determined
in Part III, section III.
b. If the wood is air dry or nearly so (pronounced checking in
ends and sides of logs) the weight of barked wood in the cord as received (Item 2) is multiplied by the percentage nonvolatile in the barked
wood as determined in Part III, section III.

6. Report the arithmetic average, maximum, and minimum of the middle diameter measurements. Item 2.
7. The straightness of the logs (Item 3) is expressed as the percentage by number falling in the following classes:
a. Nearly straight, less than a deviation of 0.5 inch.
b. Crooked, greater than a deviation of 0.5 inch. Report also
the average deviation, in inches, of the crooked logs from straightness.
c. Logs too bumpy to measure straightness.
8. Report the total number of abnormally large and protruding knots,
bumps, or swellings in the cord and whether these prevented normal nesting of the logs in the rack. Item 4a.

9. Report the average number of surface knots per log for each size
classification. Item 4b.
10. The space occupied by the racked bark-free wood is expressed as
a percentage of the space occupied by the cord of unbarked wood by: The
height (in inches) of the barked wood in the rack (Item 5) times 100, divided by 48. This value subtracted from 100 approximately equals the
proportion of the cord space originally occupied by the bark.
11. The photograph of the cord of unbarked wood is properly identified and marked to note unusual features.
(b) The 500 board foot basis.--Report all items as under section IV (a)
but expressed on the basis of 500 board feet as the unit of volume. For
example, the number of logs in the sample divided by the number of board
feet in the sample, times 500, equals the number of logs per 500 board
feet.
411
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The number of board feet in the sample is the sum of the board feet in
each log obtained from the following Scribner Decimal C log scale. Diameters of the logs are expressed to the nearest inch. In case the calculation is made from the diameters of the logs in the sample cord, a
report of the number of board feet per cord can also be made.
Scribner, Decimal C Scale for Logs 4 Feet in Length

Diam-:Board:Diam-:Board:Diam-:Board:Diam-:Board:Diam-:Board:Diam-:Board
eter: feet: eter: feet: eter: feet: eter: feet: eter: feet: eter: feet
Inches:
6
7
8

9
10
11
12

:Inches :

:Inches:

: 2.5 : 13
: 5.0 : 14
: 5.0 : 15
:10.0 : 16
:15.0 : 17
:15.0 : 18
:20.0 : 19
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:
:
:
:
:
:
:

25
30
35
40
45
55
6o

:
:
:
:
:
:
:

:Lichee:
70 : 27

20
21

:

22

:

23

:

24

: 105 : 31
: 115 : 32
: 125 : 33
: 34

25
26

75 : 28
85 : 29
95 : 30
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:Inches:

:Inches:

: 135 : 35
: 145 : 36
: 155 : 37
: 165 : 38
: 180 : 39
: 185 : 40
: 195 : 41
200

: 220 : 42
:
:
:
:
:
:

230
255
270
280
300
320

43
44
45
46
47
: 48

:
:
:
:

:
:
:
:
:
:
:

335
350
370
395
415
430
450
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Part III: Physical Tests on Disc Sections of Pulpwood
I. Apparatus
Saw.--For cross cutting sample discs.
Planer.--For smoothing sample discs.
Planimeter and ground glass top tracing table.--For measuring areas.
Scales.--Of at least 10 kilogram capacity, sensitive to one gram or less
and equipped for weighing volume of water displaced by log cross sections.
Drying oven.--105° C. constant temperature.
Reading glass, dividers, and rules.
A Forest Products Laboratory springwood-summerwood instrument.--This is
essentially a microscope fitted with a special mechanical stage designed
to hold large pieces of wood, and an integrating device for adding the
summerwood areas. The apparatus is required only in the first method
given for determining springwood and summerwood.
II. Specimen
If the physical tests on whole logs are to be carried out according to
Part II, the samples for both whole log and log section tests are selected at the same time.
The least number of logs to be taken for log section tests shall depend
on the particular group of tests to be measured, as follows:

Group :

Tests to be made

Least
: number
2
: of logs—

•

1
1 : All tests —
2 : All tests except compression wood
3 : All tests except compression wood and heartwood
4 : All tests except compression wood, heartwood, and age:

100
75
50

40

-Includes specific gravity, rate of growth, heartwood, summerwood, compression wood and age.

•

?If the number of logs indicated is not available, include all logs in
the sample.
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The sample shall be selected by systematic rotation, that is, by putting
aside one log at predetermined intervals, the frequency depending on the
size of sample desired and the total number of logs being sampled. Shipments of logs comprising all or parts of the trunks of selected trees,
of which it is not desired to determine the solid volume of wood in a
racked pile as outlined in Part II, may be sampled by taking specific
logs according to the nature of the problem. It is necessary to split
some large logs longitudinally before shipment. Wherever possible this
splitting should be made in a radial direction in order to obtain sectors and all pieces comprising the split log included in the shipment.
Since the moisture content, condition of bark, and visibility of rings
and heartwood may be impaired at the ends of the logs, the sample discs
are cut from near the middle of the stick. Two discs approximately 1
inch thick are cut from each sample log. The log and discs are indelibly numbered for identification in case of a necessity for checking later any abnormal test results. One disc is placed in a moisture-tight
container, care being taken not to remove any of the bark. The surfaces
of the other disc are planed.
The two remaining parts of each log may be barked and used for the determination of the number of surface knots, as described in Part II,
section III, item 4b. After the knot determination, the pieces are used
for the preparation of chips to be used for the determination of the
weight of chips per unit of space. The sample to be prepared for chemical analysis may either be obtained from these chips or from the ovendry disc, following operation F below.
III. Methods

1. Unplaned discs.--The following observations (Items A to G, inclusive)
are made on each unplaned disc with as little delay after cutting as
possible:
A.

The disc, with bark attached, is weighed.

B.

The bark is peeled from the wood and the peeled disc is weighed.

C.

The bark is dried to constant weight at 105° C.

D. The diameter of the barked disc may be determined at this point
by means of a steel diameter tape or the measurement may be made on the
planed disc according to operation I, whichever is more convenient.
E. If the wood is green or nearly green, the disc is soaked in water for at least 1 hour. If air dry or nearly so, soaking from several
Report No. 1417
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days to a week is necessary in order to restore the wood to practically
its original green volume. The disc is allowed to drain until no free
water remains on the surface. The volume of the disc is then determined
by weighing the volume of water it displaces when immersed. Several
satisfactory methods are available. Following is a convenient one.1 A
container holding water enough for complete submergence of the specimen
is placed on the pan of the scales and the combined weight of the vessel
and water is balanced. The specimen is held completely submerged, without touching the container, by means of a rod, with three sharpened
prongs of small diameter, clamped to a rigid support. The scale is
again balanced. The weight added to restore balance is the weight of
the volume of water displaced by the specimen. Discs too large for the
container are cut into several pieces and the above operations performed
on each piece. Figure 1 illustrates an apparatus for use with a Toledo
scale.
F. The disc is dried to constant weight at 105° C. If operation G
is not to be carried out, a sector of the dried disc may be cut out for
use in the chemical analysis. The angle of the sector taken shall be
equal for all discs of the sample and large enough to provide from 2 to
4 pounds of wood.
G. The disc (which may be badly checked in drying) while still warm
is dipped in hot paraffin, which gives it a waterproof coating of negligible volume. Surplus paraffin adhering to the disc is scraped off.
The volume of the specimen is found by determining the weight of water
it displaces as in Item E. As an alternate determination, close approximation of the specific gravity on the oven-dry volume basis may be calculated from the shrinkage factors given in table 1.
2. Planed discs.--The following observations (Items H to M, inclusive)
are made on each planed disc:
The heartwood and the mild and pronounced compression wood are outlined
on the disc with indelible pencil. If the sections are more than 12
inches in longest dimension, the periphery of the piece both outside the
bark and after removing the bark, and the heartwood and compression wood
areas are traced on a piece of thin paper. These areas (Items H to K,
inclusive) are measured with a planimeter. If less than 12 inches the
disc is placed beneath the ground glass of the tracing table (fig. 2)
and the areas measured directly with the planimeter.
H.

The area of the disc outside the bark.

I. The area of the disc inside the bark (see also Item D).
J. The areas of the compression wood.

•

-See also TAPPI Standard Method T18 m-53.
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K. Method 1. Planimeter the area of heartwood.
Method 2. Scale from two to four diameters of the heartwood to
the nearest 1/8 inch and average the measurements.
It is sometimes very difficult to distinguish heartwood from sapwood.
In such cases the measurement should be made only if differentiation is
distinct enough to permit reasonable precision. The following are suggested methods of determining the line of demarcation:
Heartwood is sometimes distinguished from sapwood by wetting the surface
of the section with water. Sometimes it may be determined by wetting
the surface with a soap solution. If air is blown through the disc from
the opposite side, soap bubbles appear in the sapwood area. This is
conveniently accomplished by use of a small rubber tube, attached to a
compressed air supply. The open end of the tube is moved spirally
around the disc by hand until the line is discerned where no bubbles appear. The line may then be marked with an indelible pencil.
Wood is fluorescent in ultra-violet light from an arc lamp or other
source and shows marked differences between heartwood, sapwood, and some
fungal infected portions, although there is some difference of opinion
about whether the demarcation accurately indicates the heartwood boundary.
A solution of tetrazotized
and the sapwood yellow. It
beech, oak, larch, spruce,
before use by mixing equal
(a)
(b)

benzidine will stain the heartwood of pine red
is not applicable to other species, such as
and fir. The stain must be freshly prepared
volumes of the following solutions:

Five grams benzidine dissolved in 25 grams of 25-percent
hydrochloric acid added to 970 cubic centimeters of water.
Ten-percent solution of sodium nitrite.

L. The annual rings in the disc are counted with the aid of a reading glass or the springwood-summerwood instrument. With the latter, the
rings are quickly counted by traversing the disc from the pith to the
periphery and registering the number of rings as they pass the cross hair
in the microscope on a tally held in the hand. This can be done in conjunction with the measuring of springwood and summerwood with this instrument.
M. For determining the relative volumes of springwood and summerwood,
two methods, depending on the rate of growth of the wood and the accuracy
desired are as follows:
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Method 1. This method is accurate and applicable to all rates
of growth. A small conical depression is reamed at the pith of the unsmoothed surface of the disc. The disc is placed on stage (8) of the
Forest Products Laboratory springwood -summerwood measuring instrument
(fig. 3) with the conical point at the center of the stage fitted into
the reamed pith. The sample thus is not readily moved off center while
under test. Set the instrument to zero. Turn the right-hand screw (4)
moving carriage (5) to the left until the boundary between springwood
and summerwood in the first annual ring is viewed under the cross-hair
of the microscope. Turn the left-hand screw until the summerwood in
the first annual ring has been traversed. The right- and left-hand
screws are thus alternately turned until the radius of the disc has been
traversed. The readings on the chartometer and on the A scale (13) are
recorded. The operation is repeated for as many radii as required for
the desired accuracy. Ordinarily four radii at right angles to each
other are measured, but sometimes in uniform wood two radii at 180° are
sufficient. The radii selected should be as free of abnormal wood and
defects as possible.
For samples between 13 and 24 inches in diameter, after measuring the
first 6 inches of the radius, record the readings and replace the cone
with the truncated cone. In doing this, care must be taken not to injure the tip of the cone. The sample is moved off center the required
distance to bring the proper ring under the microscope when the instrument is set at zero again. In testing such large discs, measurements
with the cone are first made on all discs before installing the truncated
cone, taking care in recording the readings that the data for each radius
are complete.
For samples larger than 24 inches in diameter, the summerwood for the
first 6 inches of a radius is measured with the cone and that for the
second 6 inches by the truncated cone as described above. The parts of
the radii more than 12 inches from the pith are marked at about 1-inch
intervals out to the periphery. Each interval thus marked on a radius
is then traversed under the microscope, alternately registering springwood and summerwood as described above, and the total width of the summerwood in the interval accumulated on scale S.
Method 2. This method is approximate and not applicable to woods
exceeding 15 rings per inch. The volumes of springwood and summerwood
are determined by measuring the relative areas of each in a series of
bands of known width. A fine line is drawn on two chords normal to each
other and passing through the pith of the disc that represent an average
distribution of the areas of springwood and summerwood. If the wood is
uniform or the work performed must be limited -- a line drawn on one
chord through the pith may be sufficient. The two to four radii thus obtained are each marked at equal intervals (conveniently 1 inch) starting

411
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at the center of the disc. The outermost interval will probably be less
than the unit selected. The proportion of springwood (or summerwood, if
it is easier to measure) is "stepped off" in each interval by means of
dividers, with the aid of a reading glass if necessary. This is done by
imbedding one point of the dividers in the center of the disc and advancing the other point the width of the first springwood ring. The imbedded
point is then lifted and the dividers moved along the radius until the
forward point touches the inside of the second springwood ring. The back
point is again imbedded in the wood and the forward point advanced the
width of the second springwood ring. The process is repeated until the
total width of the springwood of the first band is added cumulatively on
the dividers. This distance and the outer radius of the band are recorded. The width of the springwood in the other bands is obtained in
like manner and recorded with the inner and outer radii of the respective
band. The same data are obtained for the other radii laid out on the
disc.
IV. Calculating and Reporting of Results
The results for each disc are calculated separately. If it has been necessary to cut the log cross section into several pieces before testing,
the various weights and areas of each piece comprising the section are
added before making the calculation. If all pieces comprising the section are not available for test, the proportion the available pieces bear
to the whole section must be estimated. See section VI, appendix B, for
methods of averaging disc properties. Letters in the following formulas
refer to the item with identical letter in section III.
Specific gravity:
(a) Oven-dry weight F (in grams)
E (in grams)
Green volume
Ito Oven-dry weight F (in grams)
grams)
/ Oven-dry volume - G
or by —times the factor obtained from table 1.
Density: Pounds per cubic foot, based on oven-dry weight and green volume equals 62.4 times the specific gravity of the disc calculated by (a)
above. The density of the sample may be computed from the weighted or
arithmetic average specific gravity of the discs.
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Nonvolatile substances at 105° C. in material as received:
(a)

Percentage by weight of unbarked wood = C + F
A

(b)

Percentage by weight of barked wood =

(c)

Percentage by weight of bark =

Ex

x 100.

100.

C
x 100.
A-B

Volatile substances: 100 - percent nonvolatile = percent volatile at
105" C. This value can be calculated from the average percent nonvolatile of all discs.
Loss through barking:
(a)

x 100
Percentage by weight of oven-dry unbarked wood =
C+F

(b)

Percentage by volume of unbarked wood as received =
H - D x '00 or H
- I x100.
---H
H

Diameter of barked wood: Directly by Item D or by 1.13 times the square
root of I.
Diameter of the heartwood: Directly by Item K, method 2, or 1.13 times
the square root of K by method 1.
Age: Determined by Item L.
2L or by
Rate of growth as average rings per inch: —
2L
1.772 L
1.13 x the square root of I Square root of I
Proportions of mild and pronounced compression wood to total wood as percentages by volume of barked wood
I x 100 or 127.2J
2
D
410
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Proportion of heartwood to total wood as percentage by volume of barked
wood:
(1)

When the area of heartwood is determined by K, method 1,

I
(2)

x 100 or 12 7 .2 K
D

When the average diameter of heartwood is determined by K,
method 2,

78.5 K

2

2
or K x 100
2
D

Proportion of springwood (or summerwood) to total wood as percentage by
volume of barked wood:
(1) When determined by Item M, method 1, the calculation of
the proportion of summerwood is as follows:
Let m = the chartometer reading when cone is used.
n = the chartometer reading when the truncated cone
is used.
a = the A scale reading when the cone is used.
r = the R scale reading when the truncated cone is
used.
s = S scale reading when marked intervals on the
radius are measured.
c = outer radius of a given interval.
d = inner radius of the same interval.
0.672 = instrument constant when cone is used.
1.342 = instrument constant when truncated cone is
used.
For samples less than 13 inches in diameter, the percentage of summerwood of the disc as measured along one radius - 67.2 am
For samples between 13 and 24 inches in diameter, the percentage of summerwood of the disc as measured along one radius is:
21.4 m + 4.29 n
0.672 m + 1.342 n x 100 =
Square of given radius
g (6 + r)
Report No. 1417
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For samples larger than 24 inches in diameter, the percentage of summerwood of the disc as measured along one radius is:
0.672 m + 1.342 n +
I(

(12

+

S

d) x 100 = 21.4 m +4.29 n +Es(c + d)

Square of given radius

E[c-d])2

The percentage of summerwood for the entire disc is the average of the
summerwood percentages for all radii measured.
(2) When the springwood is measured according to Item M, method
2, the calculation for one radius is as follows:
Let n = the outer radius of a given band.
r = the inner radius of the same band.
w = the cumulated width of springwood in the band.
a = area of the band g = n2 - r2
n-r

= ratio of cumulated width of springwood to

the width of the band.
s = area of the springwood in the band
W
(n2r2
) =
n-r

(n

A

r)

Es x 100 = percent by volume of springwood in the
disc as measured along the given radius.
The approximate average percentage of springwood for the entire disc is
the average of the springwood percentages for all the radii measured.
V. References

Study of the Variability of Pulpwood Properties and Number of Specimens
Required to Give a Desired Accuracy. By E. R. Schafer, Projects
L-168-5-6-7 filed December 2, 1938.
New Method for Differentiation of Heart and Sap in Pine Wood. By J. E.
Koch and W. Krieg. Chem. ztg. 62(15):140-141. (February 19, 1938).
Forest Products Laboratory Springwood-Summerwood Measuring Instrument.
By J. C. Pew and E. R. Schafer. Southern Pulp and Paper Journal 1(2):
16-17, 31. (January 1939).
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VI. Appendix
1. Additional methods and calculations.
A. Variation of radial rate of growth.
Method 1. A small conical depression is reamed at the pith of
the unsmoothed side of the disc. The disc is placed on stage (8) of
the Forest Products Laboratory springwood-summerwood measuring instrument (fig. 3) with the conical point at the center of the stage fitted
into the reamed pith. Set the instrument so that the cross hair of the
microscope is over the periphery of the disc (inside the bark) and record the length of the radius shown on the R scale. Traverse the disc
from the periphery to the pith and record the distance of the outer
boundary of each annual ring from the pith as indicated on the R scale.
Repeat the measurement on from two (at 180°) to four (at 90°) radii.
The variation is calculated as follows:
(1) (a) Obtain the difference (x) between each reading and the
next lower reading in the same radius. Do this for
all radii measured.
(b)

Square all values of x and obtain the sum of the squares.

(c)

Obtain the sum of all values of x. Note: This is
equivalent to the sum of the highest readings in the
radii measured.

(2) Divide Item (lb) by the total number of differences (n).

(3) (a) Divide Item (lc) by the total number of differences (n).
This is the average rate of growth of the disc.
(b) Square the quotient (3a).

(4) Subtract Item (3b) from Item (2). If n is less than 20
multiply the difference by the fraction n/(n-1). Obtain
the square root of the difference (or corrected difference). This is the standard deviation of the rate of
growth.

(5) Multiply Item (4) by 100 and divide the product by Item
(3a). This is the coefficient of variation of the rate of
growth. If all rings are of equal width, the coefficient
will be zero.
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Method 2. This is an approximate method not requiring a microscope and special movable stage. Draw with a fine line several chords
passing through the pith of the disc (preferably two chords normal to
each other) that represent an average distribution of the rates of radial growth. Along each radius so drawn count from the center toward the
periphery the number of annual rings in successive intervals or bands
approximately 1 inch wide. Record the inner and outer radii of each
successive band. Observe that the total number of rings counted along
each radius from the pith to the periphery is equal to the others. The
variation is calculated as follows:
(1) (a) Obtain the difference between the outer radius (n) and
the inner radius (r) of each band for each radius
measured.
(b)

Square each difference.

(c)

Obtain the sum of all differences.

(2) (a) Divide each value of Item (lb) by the respective number
of annual rings for that band, and obtain the sum of
the quotients.
(b) Divide the sum of quotients (2a) by the sum (R) of annual rings in all radii measured.
(3) (a) Divide Item (lc) by the sum (R). This is the average
rate of growth of the disc.
(b) Square the quotient (3a).

(4)

Subtract Item (3b) from Item (2b). If R is less than 20
multiply the difference by the fraction R/(R-1). Obtain
the square root of the difference (or the corrected difference). This is the approximate standard deviation of
the rate of growth.

(5) Multiply Item (4) by 100 and divide the product by Item (3a).
This is the approximate coefficient of variation of the
rate of growth. If all rings are of equal width, the coefficient will be zero.
B. Volumetric rate of growth.
The volumetric rate of growth may be calculated from the radial
rate of growth or from the age of the log and the diameter.

S
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Let v = volumetric rate of growth, cubic feet per year per foot
of length.
s = radial rate of growth, rings per inch.
a = age of log, years.
d = diameter of log, inches.
0.0109 d
v 0.00546 d2
a

C.

Determination of abnormal eccentricity of log cross section.

Draw a chord through the pith of the disc upon which, as estimated by inspection, the maximum distance lies between the pith and the
midpoint of the chord. Check by drawing other chords through the pith
on either side of the first and measuring the distance between pith and
their midpoints. Record the largest value.
Let m = maximum distance noted between pith and chord midpoints.
c = length of chord upon which maximum distance lies.
Percentage eccentricity - 100 m

D.

Determination of volume of decayed wood.

The areas of advanced and incipient decay in the planed disks
are measured with a planimeter as described for the determination of
Methods, Item J, and calculated similarly as
compression wood, Part
the percent by volume of the bark-free wood.
2. Method of averaging test data.
The choice of method of averaging the properties of pulpwood logs
used in pulping experiments shall be determined by the number of logs
taken and the ranges of their various properties.
(1) Compute weighted averages when the conditions of the three
following cases are met (see table 2):
Case a. The properties of less than 11 logs are being
averaged.
Case b. (1) The properties of more than 10 logs are being
averaged, and (2) the highest values of both the diameter
and the properties being averaged are more than twice the
lowest values.
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Case c. (1) The properties of more than 10 logs are being
averaged, and (2) the variation in the value of the property is dependent on the diameter. For instance, usually
the summerwood content and the diameter both decrease with
height in the trunk of a tree, therefore, in this case
summerwood and diameter are indirectly related to each
other. On the other hand, in a random mixture of
logs of different sizes, summerwood could not be considered as being related to diameter in computing the average. Exception: When the highest values of both diameter
and property are less than twice the lowest, the arithmetic average may be computed whether or not relationship
exists.
(2)

Compute arithmetic averages when the above conditions are
not met (see table 2).

(3)

Calculation of weighted averages.
The following rules shall apply to the calculation of
weighted averages:
(a)

Properties expressed as proportions by volume shall be
weighted by the volume of the logs. Under this head
are springwood, heartwood, compression wood, specific
gravity, density, bark, and volumetric rate of growth.
The general formula for the average weighted by volume is:

YO 2LP)

(1)

v z(D2L)

Where: P = the property or constituent expressed as a
ratio or percentage, D = the diameter, and L = the
length. If L is constant for all logs, the formula
becomes:
F =

F(D2P)
, 2

(2)

LD

(b)

•
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Constituents expressed as proportions by weight shall
be weighted by the moisture-free weight of the logs.
Under this head are nonvolatile matter and bark.
(Chemical constituents are by the nature of the
sampling procedure expressed as weighted averages for
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the material analyzed.) The general formula for the
average weighted by weight is:
2

= L(D LGP)
W

(3)

E(D2LG)

Where: G = specific gravity (or density), and other
letters as above. If the length of the logs is a
constant the formula becomes:
, 2 ,
L(D GP)
_
2
Pw =
E(D G)

(4)

Another satisfactory method of obtaining a weighted
average of constituents expressed as proportions by
weight is:

-EC
P =

(5)

w ZW

Where: C = the weight of the constituent in the sample
disc and W = total weight of the disc.
(c)

Properties expressed in linear units or proportions
thereof shall be weighted by the diameter. Under
this head are radial rate of growth, variation of
radial growth, and length of the logs. The general
formula is:

(6)

- EDP

P

=
1

5–

The above formula cannot, of course, be used to average the diameter which shall be weighted by the
length of the log.

(d)

A rule cannot be set down for weighting the average
age. In most cases a weighted average for age will
not be necessary. In exceptional cases the system
of weights must be determined by the nature of the
problem.
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Table 1.--Calculation of specific gravity on the oven-dry volume basis
A close approximation of the specific gravity on the oven-dry weight, oven-dry volume
basis may be calculated with factors derived from the average volumetric shrinkage from
the green to the oven-dry condition. The various species below are grouped into the
average volumetric shrinkage classes of 8, 10, 12, 14, and 16 percent.l.
Calculated specific gravity on the oven-dry weight, oven-dry volume basis specific ,
gravity, oven-dry weight, green volume basis times the factor given at top of columns.?

Factor 1.09

:

Factor 1.11

Factor 1.14

Fir, noble
Cedar, incense : Cedar, Alaska
: Cedar, Port Orford : Fir, red
Cedar,
Pine, loblolly
western red : Fir, balsam
: Fir, lowland white : Pine, lodgepole
Cedar,
Pine, longleaf
eastern red : Fir, white
Pine, Norway
Cedar, northern : Pine, jack
Pine, pond
: Pine, Jeffery
white
Pine, shortleaf
Cedar, southern : Pine, mountain
Pine, slash
white
: Pine, pitch
Pine, western white
: Pine, sand
Fir, alpine
Fir, cork bark : Pine, western yellow: Spruce, black
Spruce, red
: Pinon (pine)
Pine, limber
: Spruce, Sitka
Pine, northern : Spruce, Engelmann
Douglas-fir
: Spruce, Norway
white
(coastal)
: Douglas-fir (Inland :
Pine, sugar
Hemlock, mountain
Empire)
: Hemlock, western
: Cypress, southern
: Poplar, yellow
Hemlock, eastern
Aspen, trembling
Poplar, balsam
Aspen, large tooth
Tamarisk
Chestnut
(one sample)
Cottonwood (black)
Gum (tupelo)
Maple, bigleaf
Maple, silver
Maple, striped

1

:

Factor 1.16 :

Factor 1.19

Fir, silver : Basswood
Spruce, white: Beech (Fagus
grandifolia)
Larch
Birch, white
Tamarack
Cottonwood, : Birch, gray
Birch, paper
eastern
Willow, black: Birch, sweet
: Birch, yellow
Gum, black
Oak, red
Gum, red
: Maple, black : Oak, white
:
Maple, red
Maple, sugar :

:
:
:

For species not in this list see report, "Effect of changes in shrinkage, swelling,
specific gravity, air or void space, weight and similar properties of wood," by J. D.
MacLean. Forest Products Laboratory Report No. 1448. 1952.
2
100
–Factor - 100 - percent volumetric shrinkage

•
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Table 2.--Conditions for computing averages of pulpwood properties
The method is determined by a combination of two checks (x) in the same
line.

Number of : Highest diameter : Highest value of : Kind of average
logs taken :
is-: the property being:
averaged is-- :
:Less than:More than:Less than:More than:
:twice the:twice the:twice the:twice the:
lowest : lowest : lowest : lowest :
•

Less than 11 :

: Weighted under
: all conditions

:
:

: Weighted

More than 10 :

x

More than 10 :

: Arithmetic—
x1

•

More than 10 :

x

:

: Arithmetical

More than 10 :

x

:

: Arithmetic

-Provided no relationship exists between the property being averaged
and the diameter. If relationship exists, compute weighted average.
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Figure 1.--Apparatus for obtaining volume of log sections by weighing the
volume of water displaced.

Z M 96443 F

•

Figure 2.--Table for tracing the outlines of bark, heartwood,
compression wood, etc., in log cross sections with a
planimeter.

Figure 3.--The Forest Products Laboratory springwoodsummerwood measuring instrument for log cross sections.
Z U 42556

F

