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Abstract

Most purchases of boltwood tcday are based upon
either cord measure or green weight. Nelther of these
methods, as commonly bracticed, is reliable for consistently
providing information as to the actual wel~ht of dry wood
substance present in boltwood. The water displacement
technique can be used to provide this information. The
actual volume of boltwood can be determined by displacement,
and thls green volume can then be converted to the corre-
sponding dry welght 1f the relztion between these two
values 1is known.

In this study the ratio of green volume of boltwood
to dry welght of wood subst-nce was determined for both

peeled and unpeeled bigtooth aspen (Populus grandidentata

Michx.). The variation of these ratios, i.e., conversion
factors, with the diameter of the bolts and the height in
the tree was also investigated. It was found that the
welght of dry wood in a unit volume of green wood was
greater in bolts of larger dizmeter. The dry welght per
unit volume remained constant, however, at different helights
in the tree. Couversion factors were determined for tolt
dlameter classes from three inches to nine inches, and thus

a factor which corresponds to the average bolt diameter of



a shipment could be used to estimate the dry welght of wood
in the shipment.

Also determined was a factor which can be used to
estimate the dry weight of wood from the green weight.
vielght and volume losses which occur in aspen boltwood
under good alr-drying conditions were investigated; and
these were used to compare the accuracy of the two types of
factors mentioned as affected by changes in moisture con-
tent of boltwood after cutting. In unpeeled aspen boltwood,
the green volume decreased 1.2 percent after six weeks of
drying while the green welght dropped 10.3 percent.
Estimating the dry wood substance in boltwood from the
green welicht appears impractical when 2an accurate estimate
1s desired. This is due to the rapid change in weight, and
thus in the true conversion factor, when the bolts are
subjected to dryling. A4ilso of importance in this respect is
the fact that wilde variation may exlist in the moisture
content of freshly cut bolts at different seasons of the
year.

The disadvantages regarding accuracy of the green
welght method of estimating could be overcome by using the
water dlsplacement method and the necessary conversion
factor. 1In this study conversion factors are presented for
bigtooth aspen grown on one site in central Michigan. Two
methods of obtaining conversion factors =are outlined in
this study, and these methods could be used to obtain

factors for any specles of boltwood.
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I. INTRODUCTION

Methods of Scalling Boltwood

Most purchases of boltwood today are based upon
elther cord measure or green welght. Nelther of these meth-
ods, as commonly practiced, is rellable for conelstently
providing information as to the actual weight or volume of
dry wood substance present. A type of measurement which
consistently provides more accurate information would not
only make it possible to set purchase prices more realisti-
cally, but would be helpful to industry and researchers in
the determination of product yield standards. The tech-
nlque of obtaining the volume of bolts by lmmersion in
water, 1.e., by water displacement, has considerable prom-
1se of belng such a method of measurement.

The possible wide variation in the amount of wood
substance contained in a unit cord of 128 cubic feet is
well known. Factors such as dlameter of bolts, length of
bolts, care taken in stacking, amount of bark, molsture
content, and neatness of trimming, affect the amount of
wood substance in a unit cord. Cord measurement gives only
approximate lnformation about the volume of green wood in
the unit, and even less information about the volume or
welght of dry wood which is present.

1



The measurement of boltwood by weight also poses
several problems. The principal problem lies in the fact
that the bolts may lose moisture, and thus welght, quite
rapidly after being cut. Therefore, a conversion factor
based upon a relationship between freshly-cut wood and its
equlivalent dry weight becomes progressively grester 1in
error as 1t 1s applied to boltwood 1n progressive stages of
drying.

Since the relationship between the zctual welght
and the dry weilght of boltwocod is subject to continual
change after cutting, any estimate of the dry weight made
on the basls of green weight 1s subject to considerable
error unless moisture tests are made. Tests to determlne
the average moisture content would be necessary even if
boltwood is weighed immediately after cutting since within
a tree specles such as aspen the molsture content may vary
during the year. Jensen 2nd Davis (7) found that the aver-
age molsture content of the gquaking aspen 1in their samples
varied from 80 percent in the summer to 113 percent in the
vwinter. This could mean a difference during the year of
approximately 15 percent in the green weight of a unit of
dry wood.

Despite i1te limitations, the selling of boltwood on
a welght baslis has a number of advantages over selling on a
cord basis. Taras (12) lists a number of these: (1) it

encourages prompt delivery which 1s desirable for pulplng,



(2) 1t requires no special handling and thus saves time for
both buyer and seller, (3) it provides an incentive for
better plling of wood on trucks and thus increases the
volume handled by the supplier. Olson (9) states that
since his company began purchasing by weight in 1947 they
have received no complaints on scaling. Prior to thils cord
s8caling was used =2nd complaints were commoaplace.

As stated previously, the limitations of welight and
of cord measure could qulte possibly be overcome by using
the water displacement technique. This method would in-
volve submerging loads of roltwood in a water tank and
obtalning the volume of wood, or of wood plus bark for un-
peeled bolts, by the change in the water level. 1If the
relationships, i.e., conversion factors, between the volume
of green wood, or of green wood plus bark, and the amount of
dryl wood are established, it would be possible to convert
the volume obtained from displacement into the corresponding
dry welght.

The averuge volumetric shrinkage of btigtooth aspen
in golng from a green to a dry condition 1is listed in availl-
able tables as 11.8 percent. Thus, if a given amount of
green a2spen boltwood 1is alr-dried to 20 percent molsture
content the volume would decre=sse by only about 4 percent,

lThroughout this paper the term “dry" is used to

indicate wood or bork in un oven-dried condition unless
another molsture content 1is specifled.



whereas the welght could decrease ss much 2s 40 percent.
It 1s thus evident tnat the amocunt of dry wood precent in
2 glven amount of green wood could be much more accurately
estimated throughout progressive stnges of air-dryling by
use of a conversion factor bwsed uvon green volume than by

use of 2 factor based upon preen welrnt,

Purnoses of the Study

In crder (o evzluate wuter dicrlacersat s a tect-
nicue for determining the smount of dry wcod 1r greca telte,
information was neeced pertzinlng to the limitatlons cf
such 2 system. Further informz2ticn in two important are=s
was deemed necess:ury ian order to evaluwte this system.

The primary purpose of this study wos to compute
factors for converting the green volume of peeled and of
unpeeled aspen bolts into estimates of the dry velght of
wood substznce precent. It was also possible to derive
conversion factors for convertine the green volume of
peeled and of unpeeled bolts into estimates of the dry
volume of wood present.

The second purpose of the study was to compute a
factor for convertineg oreen welght of aspen into dry weight;
and to compare the accuracy of this factor with the one for
converting from green volume to dry welght, 2s affected by
changes in molsture content. In order to make such a

compurison the extent and rste of welght and volume losses



which occur whea aspen btoltwood is stucked in an exposed
location were determined. The most desirable type of
conversion foactor would be one which glves an accurate
estimate of the dry welght of wood present regardless of
the moisture content of the tolts 3t the time of measure-
ment.

Another purpose of this study was to determine the
influence that the diameter of tolt znd the locotion of the
bolt in the tree might have upon a sincle conversion factor
applied to all bolts. To detertine this, data were cbtained
on such variables as molsture content, specific grzvity of
vood and of bark, shrinkage of wood, and the =zmount of
bark.

411 coanversion factors in thils study were computed
from data obtalned in a sample of bigtooth aspen (Populus

grandidentata Michx.) which was taken in central Michigan.







II. PRCCEDURE

Description of the Sauwple

L1l test sections used in the study of physical
proverties were cut on the same site in the Manistee Nation-
al Forest in central Michigan.

Bolts for the study of losées in molsture content,
welght, and volume during alr-drying were obtained from two
areas. The first sample, which will be referred to as sample
A, was cut =zt the same locatlon and at the seame time as the
test sections mentioned in the preceding par:graph. The
bolte used in the study of drying losses were cut fifty-
two incnes long. The ends were coated with a wax emulsion
to retard moisture loss. When the bolts were delivered to
the drylng area a two-inch section was cut from each end.

In sample A, a2 ten-inch section was cut directly
below the bottom cut made to remove a fifty-two inch bolt
from the tree stem. There was, therefore, a ten-inch
section obtained adjacent to each of the sixty-three test
bolte in sample A. These sections were those used to
obtaln data on the physical properties of bigtocoth aspen.

The second sample of bolts used 1n the drying study

was cut on the Allegan State Forest near Allegan, Michigan.
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This set of sixty bolts will be referred to as sample B.

No ten-inch test sections were cut from thls area. These
bolts were cut in the woods into eight-foot lengths, and
when dellvered to the drying area were cut 1nto the desired
four-foot lengths. One member of each such palr was peeled
and the other wvwas left unpeeled in order to obtaln matched
specimens for a direct comparison between peeled and un-
peeled bolts during air-drying.

Information pertaining to the sites and stands from
which the samples were obtained is important as these
factors define the populations from which the samples were
drawn. ©Since sample A was used as _the basis for data on
physical properties, it is the more important sample and
will be described 1in somewhat more detall.

A total of 29 trees were cut in order to obtain the
63 bolts referred to as sample A, The average height of
these trees was 54 feet, and the average dlameter inside
bark at one foot above the ground wa; 7.3 inches. The aver-
age helght of what was considered merchantable stem, that
is the height to a 3 inch diameter, was 37 feet. These
figures do not represent average figures for the stand
since the trees were not selected at random, as will be
explained later. These averages indlicate only the size of
trees from which the sample was obtained.

The site index for the stand of sample A was esti-

mated at 68 using the site index curve from Kittredge and



Gervorkiantz (8). Ninety percent of the trees cut were in
the 35 to 42 year age class. The average age was 38 years.

The bolts in sample A, and the corresponding ten-
inch test sections, were selected to include bolt diameter
classes from three lnches to nine inches and bolt height
classes from one foot to thirty-three feet. Figure 1
1llustrates the distribution of sasmple sections. The diam-
eter class into which the bolts were placed was determined
by the dlameter inside bark at the lower end. The height
in feet of the lower end of the bolt above the ground was
asslgned as the helght class for that bolt.

Seven bolt dlameter classes were recognized ranging
from three to nine inches. Nine height classes were set
up at four-foot intervals. The bolts were cut so that the
lovwer ends were elther at a height of one foot, five feet,
nine feet, etc., up to thirty-three feet when in the stand-
ing tree. The bolts were selected so that there was one
bolt of each diameter class in each helght class in the
final sample. For instance, in the filve-foot height class
there was one bolt for each diameter class making a total
of seven bolts.

In the selection of sample B, no stratificatlion was
made 1lnvolving height in the tree. ©Six diameter classes
were recognized ranging from three inches to eight inches
diameter inside bark.. Five elght-foot bolts were obtalned
in each dilzmeter class.

The average age of trees 1in sample B was 33 years.
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The average helght of the 11 trees cut to obtaln the sample
was 47 feet. The site index for this sample was estimated
as €5, Just slightly less than for sample A.

Determination of Weight and Volume
losses Due to Dryiung

Welght and volume measurements were token on both
samples A and B every two weeks. ©Sample A was under study
during the summer and fall of 1956, and sample B during the
summer of 1957.

The four-foot bolts were stacked on a rack comnstruct-
ed to afford maximum drying conditions. A rough board roof,
supported several feet above the plle, kept off direct pre-
cipitation; and the dryling rack was tullt six lnches above
the ground to allow air to circulate beneath the pille.

Since the bolts were protected from direct precipl-
tatlion but were open to air circulation, the drylng condi-
tions were severe compared to those ordinarily found in the
woods or in concentration yards. The results of any study
of alr-drying rates are 1influenced greatly by weather con-
ditions and piling methods. For the purposes of this study
it was felt that informatlion on maximum drying conditlons
would be the most helpful. With maximum 4drying rstes
approximately established, welght and volume losses in the
woods can be assumed to be somewhat less for the same
perliod of year.

The bolts were welghed separately, and the welghts
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were recorded by bolt numbter. The volume of the bolts was
determined by immersion in a tank. The inside dlameter of
thlis displacement tank was 12.13 inches and the height was
approxlimately eight feet. A sight glass was fitted to the
slde of the tank; uand a steel tape, gr-duated 1n inches,
wae fastened to the glass. Readings were taken before and
after a bolt was placed in the tank. The volume equivalent
to one inch of displacement in this tank was 0.066 cubic

feet.

Determinations Made in the Laboratory

In the laboratory a one-inch cross sectlonal disk
was cut from each ten-inch test sectlon, and wae used to
determine data on the physical properties. From these
green disks the follbwing data were obtalned in the order
listed: (1) average diameter both inside and outside the
bark, (2) weight of wood, (3) welght of bark, (4) volume
of wood, (5) volume of bark, (6) average dlameter of heart-
wood. The volumes of wood and of bark were determined
separately by the water displacement technique. 1t was
found that the bark was easlly removed-as a continuous
ring and could, therefore, be easily lmmersed.

All sample disks of wood and strips of bark were
oven-dried. The welghté and volumes were again obtained.
Melted paraffin was used to seal the dried wood and dried

bark samples before immersion in water.



12

From the data ottained, the following calculations
were made for each disk: (1) moisture content of wood, bark,
and both combined, (2) specific gravity of wood on a green
and on a dry volume basis, (3) specific gravity of bark on
a green volume basis, (4) volumetric shrinkage of wood 2nd
of bark, (5) percent of bark based upon displacement and
diameter measurement methods, (6) percent of heartwocd.
These results were averaged by dlameter and helght classes.
A two-way analysls of varlance was computed for each of the
above mentioned variables, using dlameter of bolts and
height in the tree as the independent varlables.

Possible variation of the speciflc gravity of aspen
grown 1in various stands and sites was thought to be of
particular importance. Changes in specific gravity from
stand to stand would cause corresponding changes in the
factor needed to convert green volume to dry weight. 1In
order to obtain some indication as to whether such vari-
ations exist, specific gravity was studied in somewhat
greater detall than the other varlables mentioned in the
preceding paragraph. In addition to the 1lndependent
variables diameter and height as used in the analysls of
variance, a third variable - rate of growth - 1s known to
have an important relation to the specific gravity. A
multiple correlation (11) using these four variables was

computed.
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Computation of Conversion Factors

Conversicn factors, 1.e., the relationships between
green welght or volume and dry weight or volume, were com-
puted 1n two different ways. The first method used was a
technique which would be rel:tively easy for anyone to use
who wished to establish a coanversion factor for another
specles. Posslible variations and the reasons for them can-
not be analysed however. The total green and dry welghts
7nd the total green and dry volumes of the test sections
were used to estnablish the desired relationships referred
to as conversion factors.

The second method of computing the factors was by
" using the molsture content, specific gr=avity, shrink:ge
coefflcient,‘and percent of bzrk by volume :c determined
from the test sections. See Takle III for the formulas
used. The exphasls in thls study was on this method of
computation becnuse 1t was thus possible to better analyse
the varlous elements which muke up the coaversion factors.
A1l t-bles and graphs in the study refer to conversion
fzctore determined in this way. A two-way anzlysls of
variznce waes coryuted for each different type cof conversion
factor using btolt dil:zmeter and helght 28 the indepencent
varl:btles, the cume zg wvze doue when‘testlng tke phyeic=1
properti=s,

Three tynec of conversion foctors were computed:

(1) those reguired to convert greean volume to dry velent,
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(2) those needed to coavert green volume to dry volune,
(2) tnose esseatinl for coavertinz green welght to dry
welght. The first two of these were counputed for toth
peeled and unpeeled boltwood.

In 2ctual practice tnhe converslion faclors estub-
lished in this study can be used to estimate the welrsht or
volume of oven-dried wood present 1n aspen boltwood. The
weight or volume of wood at otner molsture coatents aight
be desired. Tnls would ordinarily be determined by the
moisture content of the product belng manufactured. See
Appendix B for a discusslion of tne computation of conversion
factors at 2ny molsture content in the case where the second

method of computing the fzactors 1s used.
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TABLE III

DFFINITION CF CCLVERSION FACTOR3, AND THE
FORKULAS USFD TO COMiUTE CONVERSIOIN FACTORS

Syritol

Explanetion

CF-1 ....Factor by whiekh to multiply the green vol. of wood [lus
bark, in cu. ft., to obtain the dry weight of wood,
in pounds.

CF-2 ....Factor by whick to multirly the rreen vol. of wood only,
in cu. ft., to obtain the dry weight of wcod, in lbs.

CP-3 ....Factor by which to wmultirly the sreen vol. of wood rlus
bark to obtain the dry vol. of wood.

CF-4 ....Factor by which to multiply the ¢reen vol. of wood only
to obtain the vol. of dry wood.

CF-5 ....Pactor by which to nultirly the sreen weight of wood
plus bark to obtain the dry weight of wood.

B '..'...Ratio of

s .IOQDOORatio Of
wood.

SGwd ....Specific
3Gwg ....Specific
SCGbg ....3pecific
MCW .....Molisture

IVICb e o0 e .NOiSture

the green bark vol. to vol. of wood rlus bark.

the vol. of wood shrinkage to vol. of green

frevity
gravity
gravity
content

content

Formulas Used

of
of
of
of
of

to

wood on a dry vol. basis.
wood on a ¢reen vol., basis.
bark on a ¢reen vol. basis.
creen wood.

green bark.

Compute Conversion Factors

CF-1 = (1-B)(1-3)(62.32)(SGwd)

CF-2

CF-3 = (1-B)(1-3)

CF-4 = 1-3

CF-5

(1-3)(62.32)(SGwad)
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ITI. RBSULTS AND ANALYSIo

Conversion Factors Bz2sed Upon Actual Total
Welghts and Volumes

The conversion factors desired were first computed
fron the total welzhts and volumes of the tecst disks. For
example, the factor used to convert green volume in cubilc
feet to dry welght in pounds was found by dividing the
total number of pounds of dry wood in the oane-inch thick
test disks by the number of cutlc feet of green wood and
bark in these disks.

Using this method of calculatioan the converslon
factor for z2spen used to convert the green volume of wood
plus bark to the dry weizht of wood was found to be 21.06.
Thus, a load of unpeeled boltwood with a volume of 1000
cublc feet, 28 determined by imnersion, contz2ins 2n estl-
mated 21,060 pounds of dry wood substance.

Tne six followling coanversicn factors were determined
from the total welgnts and volumes of the test disks.

To estimate the dry welght of wood in pounds:

(1) Multiply the green volume of unpeeled aspen,

in cublic feet, ty 21.0A.

y

(2) Multiply the green volume of peeled aspen, in
cubic feet, by 24.30.

(3) Multiply the green weight of uunpeeled aspen
20



2l

by O.k22.

(4) Multiply the green welght of peeled aspen
by 0.507.

To estimate the dry volume of wood:

(5) Multiply the green volume of unpeeled aspen
by 0.7€1l,

(6) Multiply the green volume of peeled 2spen
by 0.901.

It will be seen that the first two conversion
factors vory approximately 3 percent from the scme factors
as cnalculated by the second method, which wlll be discussed
later. The differences are bellieved to have occurred as =z
result of errors 1ln the measurement of the dry volume of
the test disks. These measurements were used only in com-
puting the factors by the second method.

The remzining portions of this paper deal with the
physical properties of aspen and with conversion factors
derlved and analysed in a different way and in more det2il

than was done in the precedling discussion.

Physical Propertles of Bigtooth Aspen

The determination of average conversion factors cnd
of the varlation of these factors were two of the primary
objectives of this study. The significance of differences
in the conversion fuctors btetween dlameter -:nd helght
classes was establlished by means of 2nalysis of variance.
The cuvaversion factors, however, were computed from a

number of variables such as speclific gravity, percent of
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TABLE VI

SUlisany OF THE RESULTS OF ANALYSIS OF VARIANCE
ON FHYSICAL FROPERTIES OF BIGTOOTH ASIEN

Variation Variation
Between Between
FPhysiceal Sample Bolt Diam. Height
Properties Mean Classes classes
¥.C.2 Green uwood $3.5% NS NS
.C. Green Bark 71.9% NS » ¥
Spe. Gr. iood on Dry C.42 »x I
Vol. Basis
3p. Gr. Bark on 0.50 o NS
Green Vol. Basis
Vol. Shrinkage of 9.7 N3 N3
wood
Bark VolumeP 13.4% N3 x

NS.... Analysis of variance showed no significant
differences between the means of the
classes.

*eeeso An actuel difference between the means of
the classes was indicated at the 5% level.

** ... An actual difference was indicated at the
1/ level.

aMoisture content.

bExpressed as a percent of the vol. of wood plus

bark.
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bark, znd percent of chrink=age of wood. The extent of
change of these varlables willl be considered first in order
that the variations found in the conversion factors may be
better understood.

The specific gravity of wood 1s an important ele-
ment used in the formula for coanverting green volume to
dry weight, and for this recaczon it was investigated with
the aid of both analyslis of variance and multiple corre-
lation. ©See Table VI for the results of analysis of
varl&nce and Table VII for the results of the multiple
correlation. OSpecific gravity based upon dry volume
rzther than green volume was used in the 2nalysis of
specific gravity in thls work. Thils was done because
welght per unit of dry volume was needed when computing the
conversion factors.

Specific gravity was found to vary significantly
between bolt diameter classes, but not between height
classes., Figure 2 1llustrates the incresse of specific
gravity with dismeter. The 1incresse of specific gravity
with diameter could be partially due to differences in
both the umount of heartwood and the growth rate. The
percent of heartwood was somewhat more constant beween
dlameter classes than was the rate of growth. Heartwood
varied only from 9 to 18 percent. Since the rate of growth
varied from 6 rings per inch to 22 rings per inch this

variable was investigated further. The correlation
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coefficlent of bolt dlameter and specific gravity was found
to be slightly higher and opposite in sign than the corre-
latlion coefficient of rings per inch and specific gravity.
Refer to Table VII.

The correlation indicated that the specific gravity
increased with an increase in diameter, but decreased with
an increase in the number of rings per inch. The standard
error of the estimate for the multiple regression was found
to be 0.036. This indlicates that the regression formula
does an adequate Job of estimating the specific gravity.
The multiple correlation coefficient of 0.506 was significant
at the one percent level.

When considering the phrtial regression coefficlient
of rings per inch on specific gravity it is to be remem-
bered that if ring width were used instead of rings per
inch the regression coefficient would be positive in sign
instead of negative. Paul (10) states that work at the
United States Forest Products Laboratory on five species
of the genus Populus indicates that there 1s a negative
regression for ring width on specific gravity. The reason
for this contradiction cannot be explained by the writer.

The average volumetric shrinkage of wood based upon
green volume was found to be 9.7 percent. This figure did
not vary significantly with elther rolt dlameter or helgnt
classes.

The percent of bsrk volume is the third ilmportant
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TABLE VIII

SULMARY OF THE RESULTS OF ANALY31S
OF VARIANCE ON CONVERSION FACTORS

Variation Variation
Between Between
conversion sample Bolt Diam. Height
Factors® .‘ean Classes Classes
CF-1 20.46 *% NS
CF-2 23.61 * NS
Cr=3 0.782 NS IS
Ch-4 0.8C3 NS N3
CF-5 0.425 N3 NS

NS... Analysis of variance showed no significant
difference between the means of the classes.

*.... An actual difference between the means of the
classes was indicated at the 5% level.

**  ...An actual difference was indicated at the
15 level.

@3ee Table ITI for an explanation of conversion
factors.
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varlable used in computing some of the conversion factors.
The average percent of bark by volume in this sample was
found to be 13.4 percent. The analysis of variance indi-
cated that this value varied significantly with the height
in the tree but not with the diameter of the bolts. This
relationship is illustrated in Figure 3.

oeveral other physical properties of blgtooth aspen
were linvestigoted during this study, though these were not
used in computing conversion factors. The specific gravity
of bark averaged 0.60 on a green volume bssis. This
comparatively high specific gravity is an 1lmportant consid-
eration when compiaring transportation costs of peeled and
unpeeled wood. 1In this sample, while bark amounted to only
13.4 percent of tne total volume of wocd plus bark it
amounted to 18.0 percent of the total green welght.

The average molsture contents of green wood and of
green bark were also established, and were used in comput-
ing a foctor used to coanvert from green weight to dry
welght. 4n analysis of variance indicated no sigunificant
differences in the molsture content of the wood between the
bolt diameter classes or the helght clsscses., The z2verage
green molsture content of the wood, for all bolt diameters,
was found to be 94 percent. 4 significant varistlion was
indicsated 1n the molsture content of the bark between the
height classes. Figure 4 illustrates the 1lncrease in

molsture content of bark with increased helght in the tree.
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This might be expected since in aspen rough bark 1s often
found in the lower portion of the stem. The averuge green

bark moisture content was 72 percent.

Findings Relsted to Conversion Factors

For discussion purposes the relationshlips between
green weight or volume =nd dry welght or volume are con-
sldered under three headings. Table VIII contains the
average value for each conversion fzctor and an indlcation
of the varlation with diameter and height. Flgures 5 and 6
1llustrate the variation of these relztionships with bolt
diameter classes in the cases where a statistically sig-
nificant difference was 1indlcated.

Tne first kind of rel+tionship 1lnvestignted was
that tetween green volume and dry welght. This relation-
ship was computed for both peeled and unpeeled boltwood,
i.e., conversion factors number one and number two. The
analyslis of variance indicated that btoth of these factors
differed significantly between dizmeter classes, but not
between helght classes.

This first kind of counverslion factor can =1so be
thought of as the number of pounds of dry wood in 2 cublc
foot of green wood. It follows th2t ae the specific grav-
1ty increzses, as it has been found to do as bolt diameter
locreases, the factors number one and number two will also

incrense.
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The second kind of relztlonship investig=zted was
that between green volume and dry volume. This factor wes
a2lso divided into two types: (1) the relationship for un-
peeled boltwood, i.e., conversion factor three, (2) the
relz=tionstip for peeled boltwood, i1.e., conversion factor
four.

No significant differences in the mesns of factor
aumber three or numter fcour were 1indicoted between bolt
élnmeter or helirht cl=asu:es. The hypothesis th2t the mezns
are equal throughout these clascses wn2s thus uccented. Such
a flonding night be expected since neltner perceant of bark
nor wood shrinkace vere found to vary siznificantly with
diameter. A elgnificznt difference vias noted, however, 1in
the percent of itark at different height classes. Wood
sarinkage and barx volume were the only dats used to com-
pute fuctor number three. ‘Wood shrink-ge zlone was used to
compute factor four.

The last kind of relatlonship investigsated was th:t
between the welght of green wood plus burk =nd the dry
welght of wood alone. Such o ft:ctor could be combined with
the present practice of green welght mezsurement of bolt-
wood to produce an estimate of the dry weight.

The reason for computing this last kind of factor
was to see if such a relationship wculd be subject to var-
lation with dlameter and height. No statistically signifi-

cent differences were noted between the mezans of the bolt
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diameter or the height classes. Some of the variables used
to compute this factor were found to vary with helght or
édlameter, but when combined in thlis manner these d4id not
produce a significant change in the factor from class to
class, It 1s to be remembered that the moisture content of
green wood is a varlable used in the computation of thile
factor; =nd thus, 2any change in the molsture content will

result in a change of the true conversion factor.

Drying Rotes of Aspen Boltwood

The percent of welght and volume losses for sample
A and sample B are presented in Table IX and Table X. These
losses are 1illustrated in Figure 7 and Figure €. The mois-
ture content of the bolts durlng the drying period, includ-
irng the bark for the unpeeled wood, is graphed in Figure 9.

The unpeeled bolts in sample A and sample B lost =zn
average of 0.6 percent on volume and 4.7 percent in welght
during the first two weeks of drying. After six weeks of
dryling these iosses hzd incressed to 12 percent of the ori-
ginal weight and 1.5 percent of the original volume. The
Gifferences in the Arylng rates between the unpeeled bolts
in samples A and B can be attributed to the weather dif-
ferences during the summers of 1956 and 1957, and also to
the differences in the dates on which the samples were cut.

The loss in welght of the peeled bolts was consider-

ably greater, for a given period of time, than that for the
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unpeeled bolts. In sample B the peeled beclts lost zlmost
four times as much welght as the unpeeled during the first
two weeks of drying. After six weeks the peeled bolt welght
loss was only twice that of the unpeeled.

Volume loss in the peeled bolts was also higher than
in the unpeeled, but not to the extent of the weight losses.
During the first six weeks volume losses were found to be
about 1.5 times as great for the peeled wood as for the
unpeeled. It should be noted that a2fter one month of dry-
ing the peeled stock had lost only about 2 percent of the
original voluae.

As previously described, the conditions under vhich
these losses were recorded were such that approximately
maximum air-drying rates prevalled. In most locatlons in
Michigan the decreases in welght and volume in boltwood
would likely be less that the decreases observed in this

study. )






IV. DISCUSSION

All data used in the calculation of conversion fac-
tors were obtained from one site and fror one age group.
The conversion factors as defermined 1n this study can,
therefore, be assumed to apply exactly only under similar
conditions. Further study 1s necescary to determine 1if
these relationships hold for other age groups and other
sites. Age 1s probably of less lmportance in Michigan than
1s site, since most merchantable aspen in Michigan 1s found
in age groups not too far different from th-t of the sample.
Some inferences can be drawn regarding varilation in conver-
sion factors on other sites from the information obtailned
in this study and from other avallable data.

The volume measurements obtained by displacement
can be converted to either volume or weight at any desired
molsture content as dictzted by the molsture content of the
final product. In most cases estimated weight will give
more informatlion about yleld of the final product than will
the estimated volume; but in some cases the yleld of bolt-
wood expressed as volume may be desired.

In this study the ratio of dry volume to green

volume remained constant throughout the height and bolt
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diameter classes. This means that an organizatlion pur-
chaslng aspen boltwood on a dry volume basls, as estab-
lished by displacement, could expect to receive the same
dry volume per dollar regardless of whether the bolts
purchased averaged four inches or nine inches in diameter.
Therefore, on a dry volume basis the unit cost can be con-
sidered essentially constant if all bolts are cut from
approximately the same site.

The weight of dry wcod in a cublic foot of green
bigtooth aspen was found to 1lncrease with an incresse in
bolt dlameter and also with an increase in the growth rate.
Therefore, a company purchasing aspen on a dry welight basis,
as computed from the displaced water volume using the aver-
age factor, could expect to receive more dry wood per dol-
lar when buying larger dlameter or more rapidly grown mater-
1al. A more nearly constant unit cost could be maintained
if the conversion factor corresponding to the average dlam-
eter of bolts in the shipment were used to compute the dry
weight. The variation of dry welght due to dlameter and
growth rate could be expected to be simllar on other sites,
though tke average conversion factor would be subject to
change from that presented in this work.

An example will illustrate the differences that
could occur in the amount paid for a unit of boltwood based
upon dry welght as computed using the average conversion

factor, and that computed using the factor corresponding
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to the average bolt diameter of the shipment. Assume that
10,000 cubic feet of green unpeeled aspen averaging nine
inches in dlameter is purchased for 30 cents per hundred
pounds. Using the average conversion factor of 20.46 the
welght of dry wood 18 estimated as 204,600 pounds. Using
the conversion factor for nine-inch bolts of 21.71 the dry
wood is estimated to weligh 217,100 pounds.

In this example the amount to te paid as determined
by use of the average conversion factor would be $614, as
compared to $651 for the amount computed using the factor
for the =ctual bolt diameters. This represents a differ-
ence of about 6 percent. In this example it 1s well to
recognize that the dry weight computed from the factor for
average actual dilameter is a better estimate of the actual
dry weight than is the welight from the average factor,
though 1t is not necessarily the true dry welght.

When comparing weight and water displacement as
ways to estimate the amount of dry wood in boltwood, the
change 1in these values due to drying prior to measurement
is an important consideration. As an i1llustr-tion, assume
that a unit of unpeeled boltwood when freshly cut would
sell for $16.00 whether sold by green weight or by volume
from displacement. After six weeks of drying under condi-
tione as described for sample A, this wood would bring
§15.81 if sold by volume, as determined by displacement,
and only $14.36 if sold by welght. After eighteen weeks this
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unit would bring $15.66 if sold by volume and only $12.56
if eold by welght.

When buying by weight the unit cost of dry wood
substance would be subject to considerable varlation with
changes in the length of time from cutting untll welghing.
It is to the tuyer's advantage to buy wood that is partially
dried unless the buyer prefers green wood due to the nature
of the manufacturing process. Jeffords (6) points out that
where green wood is preferred, buying by welght has the ad-
ventage of encouraging producers to haul when green.

As has Just been 1lluetrated, the price set by the
displacement method does decrease slightly a2s the elapsed
time between cutting and measurement increases. 1If peeled
bolte were used in the preceding example rsther than'un-
peeled bolts the price based on volume after six weeks
would be $15.56 rather than $15.81. Both of these losses
can be considered slight when compared to those of the
price as set by welight mezxsure.

When comparing the accuracy of displacement and
green velght as means of establishing the dry wood content
of aspen boltwood two points are of primary importance.

The first 1s that changes 1n the estimate due to drylng
lossgses are much greater for the green welght system. A
maximum change during one month for the displacement meth-
od would be about 2 percent, while for the weight method

the change could amount to 30 percent.
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The second point 1is that the estimate of dry wood
content made from the green weight will change with varia-
tions in the moisture content of the green bolts. This
moisture content 1s known to vary up to 30 percent between
different seasons of the year. Moisture content has no
effect upon the estimate made from the volume of displaced
water.

The design and construction of a displacement tank
forvuse by industrial or research organizations is beyond
the scope of this work. A brief description of such a tank
would, however answer the question of what equipment 1s
needed. A slmple rectangular tank large enough to accom-
modate one or two cords should be practical for use at one-
machine particle board plants. The sight gauge used should
preferably be fitted with a vernlér scale rending to 32nds
or 64ths of an inch, or could be calibrated to reasd direct-
ly 1n cublc feet. 1In a ten foot square tank a one-inch
displacement of water would indicate 8.3 cubic feet of
boltwood. Loading anc unloading of the displacement tank
could be performed by cranes or power hoists already

available at most plants.



V. CONCLUSION

Boltwood 1s ordinarily measured by either cord or
welght methods. The price paid for wood under these meth-
ods 1s determined by the quantity of wood, bark, water, and
sometimes air in terms of these units of measure. The
water displacement technique can be used to determine the
amount of dry wood in terms of weight or volume in green
boltwood. Therefore, by use of this technigue purchases
can be based not upon an artitrary quantity, but upon the
amount of wood that will actually be used in the manufac-
turing process. Information pertaining to the actual
amount of wood substance beling used 1in a process would
prove helpful in both research on ylelds from various pro-
cesses and to industry wnen establishing standards as meth-
ods of control.

The factors used to convert green volume to dry
weight and to dry volume have been determined in this work
for bigtooth aspen from one site classification. Further
study 1s necessary to determine if these factors are the
same for ~spean from other sites and for other age classes.
The ratio of dry volume to green volume rema2ined constant

for both peeled and unpeeled bolts despite changes in both
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bolt diameter and the height in the trees from which the
bolts were cut.

The ratio of dry weight to green volume would
loglically increase with an increase 1n the epecific gravity
of the wood. On the site studied, specific gravity of wood
increased with increases in diameter =nd in growth r-te.
Average conversion factors were computed for each dlameter
class. These can te used to give a more accurcte estim=te
of the dry welght present than would be obtained by the use
of Jjust oné factor for cll dlameters.

Green weight measurements can also be ucsed to
estimate dry welght bty the use of conversion factors. Such
a system 1s 1mpractical when an accurzte estimate 1s desired
due to the wide varlation of the moisture content durilng
the year, and also due to the rapid change in the conver-

sion factor vhen the bolts are subjected to drying.



1ENDIE A, STATISTICAL TaABLES
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TABLE XII

ANALYSIS OF VARIAICE OF SIECIFIC GRAVITY

OF W00D CN A DRY VOLULE BASIS
Source of | Sum of |Decrees [ . ean
Variation Squares of 3quare F F |F
Diameter .0274 6 00457 | 3.44** 2.30 | 3.20
Heiech t 0153 8 .001¢1 | 1.44 2.14 | 2.20
Error .0638 48 .00133
Total .10€5 62
AIWALYSIS OF VARIAICE OF THE MOISTURE CONTENT
CF GREEN HEARTWOOD AID SAFWOOD CO:XBINED
Source of | sum of |Degrees | .‘ean
Variation Squeres of 3Square F F.OS F.Ol
Freedom
Diameter 2783.3 6 463.272 12,10 2,30 | 3.20
lTeight 1721.6 & 219.20 07 2.14 | 2.90
Error 10627 .E 48 221.41
Total 195122.7 62




ANALYSIS OF VARIANCE OF THE FERCENT OF WwOOD

TABLE XIII

SIIRINKAGFE TO AN OVEN-DRIFD CclDITION

3ource of | oum of [Decrees | l.ean
Variation Squares of Square F Fos |F.o1
Freedom
Diameter 32 .94 6 S48 2.21 2,30 [3.20
Error 119.02 48 2.48
Total 160.17 62
ANALY3I3 OF VARIANICE OF 1imE RATIO GREFEXN
RARX VOLULIE OVER VCLULE OF &00D AID BARK
Source of Sum of |Degrees | . ean
Varistion Squares of 3quare F F F
005 .Ol
Freedom
Dianeter 26 .80 6 4,47 87 2.30 | 3.20
Hei¢ht 106 .54 3 13.32 2.50%| 2,14 | 2.90
Error 247 .16 4 5.15
Total 380,50 62

*Indicates significance at

the 55 level.



AllaLYSI3 OF VARIANCE OF

TABLE XIV

“HE LOISTURE

CONTENT CF GREFLN BARK

Source of | oum of |Degrees| lean !
Varistion 3quares of square F F 5 F
Freedon -0 .01
Dieneter 2E5.¢1 6 47 .63 ys 2,30 | 3.20
Hei¢ht 2394.61 8 29¢,33 | 3.,13"*|2.14 | 2.90
Error 2343.25 4¢€ 48,72
Total 5023,77 62
ANALY3IS CF VARIAI.CE OF CONVERSION
FACTOR :L.BER TIIRER?
3ource of sum of Decrees| ‘ean
Variation 3qusares of 3quere F F 05 F 1
Freedon * °
Diameter 005 6 0008 1.23 [2.30 | 3.20
Yeirht Notela £ .0010 1.67 [2.14 | 2.S0
Error .030 48 0006
Total «043 £2
33ee Table III for exnlaration of conversion

factor.

**Indicates sigcnificance at the 1, level.



TABLE XV

AVALYS 3 OF VALRIAICE OF Cg.VERSILN
FACTCR U T CIE

Source of sum of [ Defrees| .‘earn
Variation 3quares of 3quare F F 05 g 01l
- . .
_ Freedom
Diameter 47 3 7.80 3,767 2,00 | G.20
Heieh t N3 € 2,00 1.41 2.14 | 2.0
Irror G 4° 2.06
Total 1¢e £2
AlLALY3IS OF VokIa CE 2 Cé Vigol
FACTCR L. BRLR IOUR
source of sum of |Derrees| ean
Variatic 3aua Sque
on SQUaTres X of 3quare F F_05 F.Ol
Freedom
Diaweter ONIST: 6 20007 2.2¢8 230 |1 3.20
Teis bt L200% o <0011 o td 2.14 12.70
Trror w11l 4t e LOEL
Total «ClE1 €0
8

s>ee Teble III for evrlenation of conversion
factors.

**Irdicates significance at the 15 level,
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T4BLE XVI

ALALV3IS CF VARIAICE CF gCVV?HSICT
FACTOR Ui BER TWC

Source of | Sum of |[Desrees | . ean
Variation Squares of Square F F nE F 01

Freedonm s *
Diameter 67 .24 S 11.207 {3.00*% ]| 2.30 | 3.2C
tlei -kt 22.10 £ 6.2123 | 1.74 2.14 | 2,40
Error 17¢ .16 48 3735
Total 280,23 62

AUVALYSI3 CF VARIANCE OF COLVERSION
FACTCR [TMBTR FIVE?®

Source or | sutl ol |Defrees | L ean
Variation 3quares cf 3quare F F 05 F o1

Freedon . °~
Dis.ieter «2C60 (G ..C10 1.05 2.30 | 3.20
Teirht Q112 £ .oC1l4 1.47 2.14 1 2.70
Trror «0435C 47 LQC0¢E
Total «0631 82

83ee Table III for err-lanztion of conversion

factcrs.

*Indicates sirrificance at the Z5 level.



APPENDIX B. DETERMINATION CF CONVERSION
FACTORS USED TO ESTIMATE THE WEIGHT
AND VCOLUME AT ANY MCISTURE CONTENT

The conversion fzctors presented in thils work can be
changed 1in such 2 w3y s to be uszad to estimate the amount
of wood, by welcht and volume, present at molsture conteats
other taan zZero perceat. 1In the formulis used to compute
fictors for conversion to dry volume, 1.e., factor number
three znd number four, only the percent of shrinkage portion
needs to be chanced from that shown in the formulas in
Table 1II1. The percent of shrinkage to zero percent mols-
ture content 1s multiplied by 293%~M to give the percent
of shrinkace at the molsture content in cuestion. M re-
presents this moisture content.

ihen computling factors to convert green volume to
the welght at molsture contents other than zero percent,
the shrinkage portion and the specific gravity vortion of
the formulas for factors number one and number two must
be changed. The factor must then be multiplied by one plus
the moisture content to allow for the welght of the addi-
tionzl water.

The specific grovity on a basis of volume at zero

percent moisture content can be changed to specific gravity
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at other moisture contents by use of the formula;

Sd
Sms—i T (-009) (537 (M) where Sd represents the specific

gravity on a basis of volume at zero percent moisture

content, and Sm represents the specific gravity on a
basis of the volume at the desired moisture content.

This formula is explalned by Brown, Panshin, and Forsaith (1).
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