Thermal Conductivity of Wood
By J. D. MacLean,* Madison, Wis.
N F O R M A T I O N on the ther
mal conductivity of wood and
the influence of the more impor
tant variables affecting this prop
erty is of special interest from the
standpoint of building insulation,
the use of wood in connection with
refrigeration, and in many other
fields where the resistance of wood
to heat transfer is a major consid
eration. This information is also of
interest for comparing the thermal
insulating properties of the differ
ent species of woods and for com
paring wood with other insulating
materials.
Previous studies on the heat con
ductivity of wood have been com
paratively limited in extent from the
standpoint of the number of species
tested, variations in density within
the same species, and the number of
tests made on any given wood. Fur
thermore. the earlier experiments
have been chiefly confined to wood
having a relatively small moisture
range. Often such investigations
have been incidental to experiments
on insulating products and fabri
cated structures such as wall sec
tions.
The heat conductivity of wood is
dependent on a number of factors
of varying degrees of importance.
Some of the more significant vari
ables affecting the rate of heat flow
in wood are the following: ( 1 )
density of the wood; ( 2 ) moisture
content of the wood; (3) direction
of heat flow with respect to the
grain: (4) kind, quantity, and dis
tribution of extractives or chemical
substances in the wood. such as
gums, tannins, or oils: (5) relative
density of springwood and summerwood; (6) proportion of springwood and summerwood i n the
timber; (7) defects, like checks,
knots, and cross grain structure.
The purpose of this paper is to
report and discuss the results of a
large number of heat conductivity
experiments that have been made
during the last 5 years at the Forest
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Products Laboratory† to determine
the influence of some of the more
important variables on thermal con
ductivity.
Preparation and Selection of
Specimens: specimens used in
these experiments were selected
from 32 species of wood, comprising
both softwoods and hardwoods. A
special effort was made to select
specimens having different densi
ties and different amounts of mois
ture within each species. Experi
ments were made on a number of
species with the moisture content
ranging from 0 (oven-dry) to that
of wood in the green condition.
Two specimens were, of course,
used in each run, each pair being
matched as closely as possible by
cutting them from the same board.
The desired initial moisture content
was obtained by storing the speci
mens at suitable constant tempera
ture and humidity until they reached
constant weight.
After the specimens reached con
stant weight in the conditioning
room or oven. they were run
through a planer and then cut to
the required size and placed in test
as quickly as possible, in order to
avoid any appreciable change in
moisture content. Care was taken
to select specimens that were prac
tically free from knots, checks. and
other defects except in several runs
that were made to investigate the
influence of such defects.
The specimens were cut to di
mensions of approximately 13I/2 ×
13I/2 in. and the thickness generally
ranged from about I/2 to 3/4 in.
Thickness measurements were made
with a micrometer to 0.001 in. Sur
face measurements (length and
breadth) were made to the nearest
1/32 in.
A few specimens from species
such as the southern pines, aspen,
bald cypress, Engelmann spruce,
and some of the oaks and maples,
had a considerable amount of both
sapwood and heartwood. The speci
mens of Douglas-fir, yellow birch,
western red cedar, western larch,
western hemlock, redwood, tanguile,
†Maintained at Madison, Wis., in coopera
tion with the University of Wisconsin.

prime vera, and white pine were allheartwood and the specimens from
the other species were predomi
nantly heartwood.
Many of the Douglas-fir’ speci
mens were cut from large diameter
logs which made it possible to ob
tain specimens with small ring
curvature. Several runs were there
fore made on specimens of this spe
cies to compare the conductivity in
the radial and tangential directions.
Test specimens of most of the
other woods were cut from timbers
of moderate diameter so that the di
rection of heat flow was partly ra
dial and partly tangential. This
combination of heat flow in the ra
dial and tangential directions is, of
course, more common in structural
lumber than heat flow in either the
radial or tangential direction alone.
A few tests were also made to study
the rate of heat flow in the longi
tudinal direction. These runs were
made on Coast Douglas-fir and redoak.
Conditions of Test: In most of
the experiments the specimens were
kept under test for about 24 hours
to allow the redistribution of mois
ture to take place and to make sure
that constant temperature conditions
were established. In a number of
runs, the tests were continued for
several clays to observe the effect on
moisture distribution and to find out
whether the conductivity was appre
ciably changed during the longer
period of test. In the latter runs
the conductivity was determined at
different time intervals varying
from 24 to 48 hours during the
period of test. In general, instru
ment readings for computation of
conductivity were taken at frequent
intervals for a period of about 1
hour or more and the results were
averaged. No data were taken until
the readings showed that constant
conditions had heen obtained.
Check runs were made at various
times by letting the specimens cool
to the same temperature on both
sides without removing the test
panels from the apparatus. The hot
plate was then, heated again and the
conductivity test was repeated. In
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these check runs the conductivity
determined in the two cases was
usually within about 1 per cent
variation.
Most of the experiments were
made with temperature differences
of 40 to 60 F between the hot and
cold plate surfaces. In some runs
the conductivity was first deter
mined with a temperature difference
ranging between 40 and 60 F, and
following this the hot plate tempera
ture was raised to give a tempera
ture difference of 80 to 90 F to
investigate whether higher tempera
ture differences (temperature of hot
plate minus temperature of cold
plate side) would make any impor
tant change in the conductivity. In
most of the runs the temperature
difference between the two faces of
the specimens was about 53 F and
the average temperature of the
specimens (average temperature of
hot plate and cold plate surfaces)
was about 85 F.
In this paper the moisture conrent M is based on oven-dry weight

where W is the original weight and
D is the weight after oven drying.
The specific gravity S was always
based on the oven-dry weight and
the volume at current moisture con
tent. In this case the oven-dry
weight was taken as the original
weight of the specimen divided by

where M is the percentage of mois
ture. On this basis the specific
gravity

where W is the original weight of a
unit volume of the wood at moisture
content M, and W, is the weight of
an equal volume of water. For ex
ample, if W is in pounds per cubic
foot, W w is taken as 62.4 lb, the
weight of 1 cu ft of water at max
imum density.
Studies of the effect on moisture
distribution caused by the difference
in temperature between the hot and
cold plate sides of the specimens
were made. These tests comprised
about 75 runs of different species
*having different amounts of water
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in the wood. The effect on moisture
distribution when the wood was
kept under test for various periods
of time was also studied. In these
experiments the following procedure
was used in finding the moisture at
different distances from the surface
of the specimens. Immediately after
test, a strip about I/2 to 3/4 in. wide
and 2 or 3 in. long was cut from
the central portion of each speci
men and thin slices about I/8 in. or
less in thickness were cut from this
strip with a mounted slicing knife.
The slices were cut parallel with
the faces of the test sections. Since
the slices were very thin and not
smooth enough for accurate meas
urement of thickness, the average
effective thickness was determined
from the proportion of the oven-dry
weight of the specimen to the total
oven-dry weight of all the sliced sec
tions. The average moisture con
tent was determined from moisture
sections cut near the pieces which
were prepared for slicing.
In engineering practice the con
ductivity K is commonly taken as
the Btu that flow in 1 hour through
1 in. thickness of material 1 sq ft
in area, when the temperature dif
ference between the two surfaces is
1 F. This is the value of K shown
for these tests and was computed
from the formula :
In this expression Q represents
the quantity of heat expressed in
Btu.
x = the thickness of the test panels
in inches.
T 1 = the temperature on the hot plate
side in degrees Fahrenheit.
T 2 = the temperature on the cold plate
side in degrees Fahrenheit.
A = the area (expressed in square
feet) through which the meas
ured quantity of heat passes.
0 = the time in hours.

Table I presents a summary of
the data obtained from 84 con
ductivity tests made on oven-dry
specimens of I8 different species.
The results of the tests on oven-dry
wood showed that the conductivity
was, in general, directly propor
tional to the specific gravity, over
the range for the woods tested, as
shown in Fig. 1. The plotted data
in this curve were averaged for each
0.1 difference in specific gravity and
the figures opposite the respective
points show the number of runs in
each of these group averages. The
equation of the line in Fig. 1, show

ing the relation of conductivity K
and specific gravity S for oven-dry
wood, is
(1)
This may also be written, K =
1.503S + 0.00165P, where P is the
percentage of air space and equals
100 (1 - 0.685S). The constant
0.685 is the specific volume of ovendry wood substance as determined
in helium gas.
It may be noted that the straight
line drawn through the plotted
points in Fig. 1 passes through the
point where the specific gravity S
is zero and the conductivity K is
0.165. This value is the approxi
mate conductivity of air at the aver
age temperature of the test
specimens. Fig. 2 shows the aver
age computed conductivity values,
using Equation (1), for each 0.1
difference in conductivity, plotted
against the corresponding averages
of the data determined in the ex
periments. The computed values of
conductivity are indicated as K 1 in
the tables. If the computed and
test values were identical, the points
would, of course, fall on a 45 deg
line passing through 0. The close
agreement of the computed and test
values is shown by the fact that
most of the plotted points fall on
or very close to the 45 deg line.
The oak and maple specimens used
in these runs contained a consider
able proportion of sapwood with the
exception of three runs that were
made on all heartwood red oak. In
these three runs on heartwood the
computed conductivity averaged
about 0.12 below the test values.
This indicates that possibly chem
ical substances, such as tannin, in
creased the heartwood conductivity.
The addition of 0.12 to the com
puted value for each of these three
runs brings the last point plotted on
Fig. 2 practically on the 45 deg line
as is shown by the circle.
Species tested in the oven-dry con
dition had specific gravity values
ranging from 0.11 to 0.76. Because
of the cellular structure of wood, the
relation between specific gravity and
conductivity would theoretically be
represented by a line gradually curv
ing upward, assuming that the
conductivity of wood substance is
reasonably constant and the cell
structure fairly uniform. The straight
line, however, is a very close approxi
mation for the range of specific

Table 1-Summary
of Data fromConductivity Tests on Oven-Dry Wood

gravity values between 0 and 0.75.
This range of specific gravity, based
on oven-dry weight and volume
when oven-dry, includes all the native softwoods and practically all the
commonly used native hardwoods.
Table 2 shows data obtained in
385 tests on specimens of 32 different woods having varying amounts
of water up to the fiber saturation
point. In addition, data for 20 runs
made on green specimens of 6 different species are shown in Table
3. The formulae for determining the
computed conductivities shown in

these tables are discussed under
heading Computation of Conductivity.
Changes in Moisture Distribution: Studies of the moisture distribution after test showed that,
although the moisture distribution
was approximately uniform before
test, there were often marked increases in the moisture content of
the wood near the cold plate during
the test period. These variations in
moisture distribution are no doubt
due to differences in vapor pressure
produced by the differences in temperature.
Their
range was apparently influenced

Fig. 1-Relation between conductivity determined in
experiments on oven-dry wood, and specific gravity of
specimens
tested

mainly by the original amount of
water in the wood and the magni
tude of the differences in temperature between the specimen faces.
The rate at which equilibrium was
approached was probably affected to
a certain extent by the thickness and
species.
Table 4 gives data on the mois
ture content of thin slices of wood
about 0.07 to 0.15 in. thick taken
from the warm and the cold side,
respectively, of a considerable num
ber of test specimens of different
woods having various amounts of
moisture. These are only part of
the total runs made to study mois
ture distribution. All moisture data

Fig. 2-Average computed conductivity plotted against
average conductivity determined in tests on oven-dry
wood
(Figures opposite points show number of runs
in average. Data are averaged for each 0.10
difference in experimental conductivity factors.
Circle shows position of last point when the
computed values (K I) for the three runs
on heartwood of red oak had 0.12 added).
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are the average values for the two
specimens used in each run. Figs.
3 and 4 show representative mois
ture distribution curves for some of
these runs. The data for each curve
were obtained by slicing a cross sec
tion and determining the moisture
content of each slice as previously
explained. The results of tests not
shown in Table 4 indicate that,
when the average moisture content
was about 10 per cent or less, the
change in moisture distribution was
comparatively small.
When the initial moisture content
was about that of thoroughly airseasoned wood (12 to 15 per cent)
a large part of the redistribution of
moisture usually occurred during
the first 24 hours of test. This may
he noted to he the general case from
an examination of the data in Table

4 and is also shown by the moisture
distribution curves for different
periods of test. A few representa
tive curves are given in Fig. 3. (See
runs 90, 93, 99 and 100.) This
early redistribution is somewhat
obscured for some of the runs listed
in Table 4 because the thickness of
the slices from near the surfaces was
more or less variable. The thinner
slices would obviously show a
higher moisture content near the
cold surface and a lower moisture
content near the hot-plate surface
because the moisture content given
is the average for the slice as taken.
In addition, the wood in some speci
mens was more resistant to mois
ture movement than it was in oth
ers. Since this would affect the
rate of moisture movement, the
curves of moisture distribution for

a given time interval will naturally
show a certain amount of variability
for different species and also to
some extent within the same spe
cies.
When the initial moisture content
was about 15 per cent or higher, it
was noted after test that the wood
surface in contact with the coldplate was often clamp or wet
whereas that near the hot-plate side
was at a moisture content ranging
from about 7 to 12 per cent. Un
der such conditions some moisture
naturally adhered to the metal sur
face of the cold plate. This amount
of moisture was probably small but
could not be determined.
Only a comparatively small
change in moisture distribution oc
curred in a run on Douglas-fir
specimens that had an average

Table 2-Summary
of Data from Conductivity Tests on Specimens Having Various Amounts
of Moisture Up to Fiber Saturation Point
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moisture content of 16.4 per cent,
when the specimens were under test
only 5 hours. The curve of mois
ture distribution for this test is
shown for run 92 in Fig. 3. Mois
ture distribution curves for runs 78
and 157 (Fig. 3) show that, when
the initial moisture content was in
the range of about 20 to 30 per cent.

there was from 20 to 40 per cent
difference at the end of the test,
between the moisture content of the
wood near the cold-plate and that
near the hot-plate side. This is also
shown for other runs, by data given
in Table 4. It should be noted that
the moisture content at the surface
on the cold-plate side would be

somewhat higher than the average
shown in Table 4 for the thin sec
tion which included that surface.
A large proportion of the runs in
these conductivity experiments were
made on specimens in which the
initial moisture content ranged from
a little above zero to about the fibersaturation point. because data on

Table 3- Summary of Data Obtained i n Conductivity Tests o n Green or Wet Specimens

Table 4- Comparisonof Moisture Content i n W o o d Near Hot and Cold Plate Surfaces.
Determined i n Runs on Various Species

5

Fig.

4-Moisture distribution curves for green
different periods in test

per cent there
was some ten
dency for the
conductivity to
decrease . w it h
increase in time
of test. This is
shown in data
for runs 290,
303 and 306 in
Table 6. This
Fig.
3-Moisture distribution curves for seasoned or partially
seasoned wood, after different periods in test
change
would
probably conconductivity are of principal interest
tinue until a condition of moisture
in this range. Table 5 shows the
equilibrium was established for the
differences in temperature between
number of runs made on each species
for moisture content intervals of 5
the two faces. It is very probable
that a considerable part of the reper cent up to a little above the fiberdistribution of moisture may have
saturation point. All runs made on
occurred before the first readings
specimens having an average moisof conductivity were taken. For
ture content over 40 per cent are
this reason the first determination
placed in one group and are classed
of conductivity is not necessarily
as green.
the maximum conductivity.
Effect of Different Periods of
Test on Conductivity: Several runs
Green wood having a moisture
were made to study the effect of
content of about 60 per cent or more
different periods of test on the conshowed a much slower trend toward
ductivity since it was recognized
a lower conductivity than specimens
that the final moisture distribution
having a lower moisture content
was dependent to a certain extent
close to the fiber-saturation point.
on the time the wood was exposed
This slow change found for the wet
to temperature differences between
wood may be on account of the
the two faces. Data on these tests
smaller
amount of air space in the
are given in Table 6. The results
wood cells because of the large
indicate that when the average
amount of water present. The moismoisture content was about that of
ture distribution curves for runs 254
ai:-seasoned wood, 15 per cent or
and 326 (Fig. 4) show that even
less, there was usually no significant
after 72 to 90 hours in test (3 to
change in conductivity after 24
hours in test. In fact, data taken 5
33/4 days) the moisture content of
the wood next to the hot plate was
or 6 hours after specimens having
not below the fiber-saturation point.
this range of moisture content were
Results of these tests show that,
placed in test, showed there was litsince the redistribution of moisture
tle change and often no change in
has a tendency to reduce rather than
conductivity from that found after
increase the conductivity, one can
test periods of 24 hours or more.
logically assume that the conductivWhen the average moisture conity data will represent maximum
tent was in the range of 20 to 35
6

red

oak

after

values that may be expected for the
particular average moisture content,
regardless of the time required to
establish equilibrium moisture con
ditions. While it is recognized that
the conductivity as determined does
not represent the conductivity of
the wood under the original condi
tions of moisture distribution, even
if it were possible to devise a
method of finding the conductivity
without disturbing the original
moisture balance, such data would
not represent conditions commonly
encountered. A moisture gradient
necessarily occurs when wood containing moisture is used in any type
of structure where a temperature
gradient exists between faces. Since
specimens tested in the hot-plate apparatus do not evaporate moisture
from the cold surface, the average
moisture content will not change
with change in moisture distribution
except for a very slight moisture
loss at the edges that does not affect the interior portion. Whether
moisture evaporates from the cold
side when wood is used commercially depends upon a variety of factors.
Since both the specific gravity
and moisture content can be determined or estimated within reasonable limits for a given species and
for particular conditions of service
under which the wood is used, a
formula for computing the approximate conductivity would be of particular assistance in questions relating to the insulating properties of
different woods. An equation showing the relation of conductivity,
specific gravity, and moisture content would make it possible to disregard species and to calculate,
within reasonable limits, the con-

Table 5-Rangeof Moisture Content of Test Specimens of Different Species

ductivity of any wood without making conductivity tests.
Published data frequently give
the conductivity and weight per
cubic foot for a particular species,
but no data are given regarding the
moisture content at time of test.
Since differences in the specific
gravity of wood have a very differ
ent effect on conductivity from that
caused by differences in the amount
of water in the wood, it is evident
that the weight per unit volume
might be the same but the conduc
tivity could vary considerably, de
pending on the proportional weight
of water and wood substance. Al
though it is not practicable to coni
pute the exact conductivity of wood
of given density and moisture con
tent because of the number of vari
ables involved, the results of the
experiments discussed in this paper
indicate that it is possible to com
pute the conductivity closely enough
for practical purposes.
In deriving an expression for the
relation of conductivity, air space,
moisture content, and specific grav
ity, it has been assumed that the
conductivity of water-free wood is
represented by the formula
1.39S + 0.165 as shown in Equation (1). In order to find an
expression for computing the conductivity of wood containing water

Table 6-Conductivity of Wood After Different Periods of Heating

it was assumed that another term
MSX could be added where MS =
the percentage of volume occupied
by water and X = a factor repre
senting the effect of moisture on
conductivity. The equation for the
conductivity of wood containing
water could then be written:
7

Equation (2) becomes, K = S
[1.39 + M (X - 0.00165)] +
0.165.
If Z represents the term (X 
0.00165)
K = S [1.39 + MZ] + 0.165....... (3)
The factor Z will necessarily vary
within a certain range, partly be
cause the moisture distribution is
not uniform and also because of
variability in the wood structure,
extractives, and other factors that
affect the conductivity of oven-dry
wood. For moisture content values
below the fiber-saturation point
(taken as 30 per cent), the majority
of the species tested had a value of
Z ranging between 0.018 and 0.039
and the average for the different
woods with a moisture content range
up to the fiber-saturation point was
about 0.028. The average value for
Z determined for the tests on speci
mens having from 50 to over 100
per cent moisture was 0.038.
There is, of course, no strict de
marcation for the value of Z at the
fiber-saturation point. In general,
Z should probably increase some
what gradually up to a maximum
for green material. The equations
are necessarily based on average
values for both oven-dry wood and
for wood containing varying
amounts of water. For moisturecontent values over 30 but under 40
per cent, it would probably be a lit
tle closer to use the factor 0.028 in
computing K even though 40 per
cent moisture content is about 10
per cent above the fiber-saturation
point, taken as 30 per cent.
Substituting 0.028 and 0.038 in
Equation (3) for the respective
groups gives :
K = S (1.39 + 0.028 M) + 0.165
...........................................
(4)
for wood having varying amounts
of moisture up to a little over the
fiber-saturation point (values under
40 per cent) ; and
K = S (1.39 + 0.038M) + 0.169
........................................... (5)
for green wood having 40 per cent
or more, moisture.
In the foregoing expressions,
K = the conductivity. M = the
moisture content, and S = the spe
cific gravity as previously defined.
It is evident that if the value of
M = 0 in Equations (4) and (5),
8

both become the same as Equation
(1) derived for oven-dry wood.
The difference in the computed
and the experimental value of con
ductivity for partly seasoned wood
was highest for heartwood speci
mens of red and white oak, greenheart, and maple. Three runs made
on oven-dry heartwood specimens
of red oak and one run on maple
specimens, mostly heartwood, also
showed somewhat higher conductiv
ities, considering the specific grav
ity, than the other woods. On the
other hand, runs made on heart
wood specimens of partly seasoned
rock elm, white ash and yellow
birch, which are also relatively
heavy woods, did not show the dif
ference in computed and test con
ductivity values noted for heart
material of the other woods named.
Some of the maple specimens had
a considerable amount of sapwood
and the values of the computed and
experimental conductivity factors
for these specimens were fairly
close. It appears possible that ex
tractives, such as tannin in the
oaks, and various substances found
in the heartwood of other species
may be largely responsible for the
higher conductivity of the woods in
question. The difference between
the computed value of K and that
found from the tests on the heart
wood specimens of oak, greenheart,
and maple was fairly constant and
was in the neighborhood of 0.12. If
this difference is added to the com
puted conductivity for heartwood
specimens, the test values and com
puted values of K for these four
woods will be very close. Only the
heartwood specimens of these
woods, however, showed this
amount of variation. In a few runs
on heartwood specimens of oak the
computed conductivity checked very
closely with the conductivity found
in the tests hut more commonly the
computed value was a little lower.
The effect of extractives in green
oak and maple was apparently ob
scured by the high moisture con
tent of the specimens since the
computed values of K were, in gen
eral, very close to those determined
in the tests and, as shown in Table
3, varied less than 5 per cent.
Cypress showed' a more conspicu
ous variation in conductivity than
many of the other woods tested and
it is probable that extractives, such
as the oil in the wood, affect the

results in this case.
Douglas-fir was more variable
than the southern pines and, in gen
eral, had a trend toward a little
lower conductivity than other woods
of similar specific gravity and
moisture content. It was observed
that the oven-dry specimens had
somewhat lower conductivity for
wood of that specific gravity, indi
cating that there was something in
herent in the wood structure
affecting the conductivity of this
species. The tests on southern pine
included a number of runs on resin
ous wood, but the increase in con
ductivity was, in most cases, in
about the same proportion as the
increase in specific gravity because
of the presence of resin. Apparently
the conductivity of the resin was
not much different from that of the
wood substance.
Fig. 5 shows the average com
puted conductivity plotted against
the average conductivity deter
mined in test for specimens having
a moisture content ranging from
about 2 to 33 per cent. The values
are averaged for each 0.1 difference
in conductivity. Fig. 6 shows sim
ilar data plotted for the tests on
green specimens. If the average
values computed and the average
values determined in the experi
ments were the same, the plotted
points in Figs. 5 and 6 would, of
course, fall on the 45 deg line. It
may be noted that most of the
points in Fig. 5 with the exception
of the last few near the upper end
of the line, fall on or very close to
the 45 deg line. The last points
tend to diverge, mainly because of
the relatively higher conductivity
found in the heartwood of the
greenheart, oak and maple speci
mens. When 0.12 is added to the
computed conductivity for these
woods the points fall much closer to
the line, as shown by the small cir
cles.
Table 3 shows that the computed
and test values for the green mate
rial are very nearly the same. In
these runs on green wood, the mois
ture content was 50 per cent or
more and the factor 0.038 was used
for Z in making the computations.
The data in Table 7 give the vari
ations between the computed con
ductivity for the different, species
and the values found in the tests
when the moisture content range
was from 0 to approximately the

Fig. 5-Averagecomputed conductivity plotted against average
conductivity determined in testa on wood with different amounts
of moisture

less than 15 per cent from
the values found in the tests
on wood having varying
amounts of moisture up to
the fiber-saturation point.
Nearly 80 per cent varied less than
10 per cent from the experimental
values.
Fig. 7 shows the relation of con
ductivity, moisture content, and spe
cific gravity for moisture values
ranging from 0 to 30 per cent. The
specific gravity and moisture con
tent can be easily determined as
previously explained under the sub
heading, Conditions of Test. It is
often more convenient to determine
the original weight of wood per
unit volume instead of the specific
gravity ; the original weight being
the weight of the wood and the water
it contains at the current moisture
content, M. Fig. 8 was therefore pre
pared to show the relation of weight
of wood and conductivity for mois
ture content intervals ranging from
0 to 30 per cent. The original
weight of wood in pounds per cubic
foot (actual dimensions) is shown
on the bottom scale and the corre
sponding weight in pounds per
square foot and 1 in. in thickness
is shown at the top. The approxi
mate average moisture content must
of course be known or assumed in
order to use this chart. The data
for Figs. 7 and 8 were computed by
means of Equation (4). Fig. 8
illustrates the point that data show
ing the original weight per unit vol
ume and conductivity only, are not

(Circles show averages when 0.12 is added
to computed values (K I) for heartwood of
greenheart sugar maple and oak. Numbers
apposite points show number of runs in aver
age. Data are averaged for each 0.10 differ.
ence in experimental conductivity factors.)

fiber-saturation point. The data in
this table show that in the total of
84 runs made on oven-dry speci
mens 57 per cent of the computed
conductivity values were within 5
per cent of those determined in the
tests; about 29 per cent more were
between 5 and 10 per cent ; and less
than 4 per cent were in the range
of maximum variation, which was
between 15 and 20 per cent of the
values found in the tests.
In the group of 385 runs made
on specimens with varying amounts
of moisture up to a maximum of
about 33 per cent, about 42 per
cent of the computed values were
within 5 per cent of the test values;
33 per cent more were between 5
and 10 per cent; 20 per cent were
between 10 and 15 per cent; and
less than 2 per cent were in the
range of maximum variation of 20
to 25 per cent. If 0.12 is added to
the computed values of conductivity
for the heartwood specimens of red
and white oak, maple, and greenheart about 50 per cent of the com
puted conductivity values are within
5 per cent of the values found in
the tests; about 31 per cent within
5 and 10 per cent: and 14 per cent
between 10 and 15 per cent of the
conductivity determined in the tests.
Altogether. about 95 per cent of the
computed conductivity values varied

Fig. 6-Average computed conductivity plotted against
average conductivity determined i n tests o n green wood
(Data averaged for each 0.20 difference in
experimental conductivity factors. Numbers op
posite points show number of runs in average.)

sufficient since the weight will de
pend both on specific gravity and
moisture content. For this reason
either the moisture content or the
specific gravity S should also he
given in addition to the weight per
unit volume. Either Fig. 7 or 8
will be found convenient for finding
the approximate conductivity of any
particular species, or the conductiv
ity factor can be computed by means
of Equation (4) when the moisture
content is under 40 per cent. Equa
tion (5) can be used in computing
the approximate conductivity of
green wood when the moisture con
tent is about 40 per cent or higher.
When wood seasons from the
green condition to any given mois
ture content below the fiber-satura
tion point, the reduction in moisture
will tend to reduce the heat con
ductivity. On the other hand, the
specific gravity will increase be
cause of shrinkage in seasoning and
this will tend to increase the con
ductivity. Very often it is desirable
to compare the conductivity of one
species with that of another when
the wood has a particular moisture
content, and it is also of interest to
know how the conductivity of a
given wood changes in going from
the green to the oven-dry condition.
Shrinkage studies macle at the
Forest Products Laboratory show
that the percentage volumetric
shrinkage (Vs ) that occurs in sea
soning from the fiber-saturation
point to any moisture content below
the fiber-saturation point is approx
9

imately proportional to the loss of
water from the cell walls. Although
some woods having the same spe
cific gravity based on volume when
green and weight when oven-dry
may not shrink to quite the same
extent between the green and ovendry conditions, for most species the
differences in shrinkage are usually
small when the specific gravity of
the green wood is the same. It is
therefore sufficiently accurate for
practical purposes to compute the
shrinkage and the corresponding
specific gravity on the basis that
shrinkage is proportional to the loss
of water from the cell walls.
The
approximate
volumetric
shrinkage would then be computed
from the relation :

In this expression Vs is the per
centage volumetric shrinkage ; Sg is
the specific gravity based on volume
when green and weight when ovendry; 1.115 is the density of the
water in the fiber walls when they
are saturated and M is the percent
age moisture to which the wood is
seasoned.
If Sm represents the specific
gravity after seasoning to a mois
ture content M the value of Sm is
found from the relation

Average values of Sg for a con
siderable number of the more im
portant commercial native species
are given in Table 8. Similar data for
other woods are given in U.S.D.A.,
Tech. Bul. 479. Since seasoned wood
soaked in water until it is thor
oughly wet will swell to about green
dimensions, the value of Sg can be
readily determined for samples from
any timber regardless of the degree
of seasoning, by assuming the green
volume to be the same as the vol
ume of the sample after soaking to
maximum swelling in water.
If the computed specific gravity
Sm is substituted for S in the equa
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tion K = S (1.39 + 0.028M) +
0.165 the approximate conductivity
K can be computed for wood at any
given moisture content using the
specific gravity Sg based on the
green wood. Substituting for Sm

its equivalent

the equation for conductivity becomes:

Table 7-Variationof Computed Values of Conductivity from Values Found in Tests
(Moisture Content Range 0 to Fiber Saturation Point)

This equation was used for coni
puting the curves in Fig. 9 which
show the relation between the com
puted conductivity and moisture
content for woods having various
specific gravity values based on vol
ume when green and weight when
oven-dry. The following example
illustrates the use of Fig. 9. Assume
it is desired to find approximately
the average conductivity of loblolly
pine at 15 per cent moisture. Ta
ble 8 shows the average specific
gravity of this wood when green is
0.47. By following the vertical line
for 15 per cent moisture to a point
halfway between the lines for specific
gravities of 0.46 and 0.48 the con
ductivity opposite this point (read
on left hand scale) is shown to be
about 1.07. If we wish to compare
the conductivity of this species with
that of another wood, for example,
yellow birch, Table 8 shows the av
erage specific gravity (based on vol
ume when green) of the latter
species is 0.55. Fig. 9 shows that

the conductivity of yellow birch at
15 per cent moisture would be
about 1.24 or nearly 16 per cent
more than the conductivity of lob
lolly pine at this moisture content.
It should be noted that the specific
gravity values Sg shown in Fig. 9
are based on oven-dry weight and
volume when green while the spe
cific gravity values given in Fig. 7
correspond to Sm and are based on
oven-dry weight and volume at cur
rent moisture content. The latter
figure is convenient to use when the
specific gravity and moisture con
tent of seasoned wood is determined
or assumed.
It may be noted from Fig. 9 that
loss in moisture content reduces the
conductivity to a greater extent than
the accompanying change to higher
density increases it, hence the net
result is a decrease in conductivity
as wood seasons from the green to
the oven-dry condition.
The small number of tests made
on Douglas-fir specimens to com
pare conductivity in the radial and
tangential directions, showed no

pronounced differences although, in
practically all cases, there appeared
to be a tendency for higher con
ductivity in the tangential direction.
For average wood, however, there
would probably be no important dif
ference in conductivity for these two
directions. On the other hand there
is a very marked difference in the
conductivity in a longitudinal direc
tion compared with that at right
angles to the fibers. In several runs
on Douglas-fir and red oak speci
mens in which the moisture content
ranged from about 6 to 15 per cent,
the conductivity in the longitudinal
direction was from about 2I/4 to 23/4
times the conductivity in the radial
or tangential direction.
Experiments made in special runs
to study the effect of knots, checks,
and cross-grain structure indi
cated that small knots, when not
numerous, had no important in
fluence on conductivity but large
knots had a tendency to in
crease the conductivity. It was also
noted that there was little if any
effect on conductivity when the
11

specimens had small checks, such as
often occur in wood while season
ing. Wood with pronounced crossgrain (from face to face) showed
increased conductivity, as would be
expected. In wood having such
cross-grain, there is a longitudinal
component that increases the con
ductivity to a greater or less extent
depending on the angle of crossgrain.
Results of the experiments on
specimens of Douglas-fir plywood
indicate that the thin film of glue
between the wood surfaces has no
important effect on conductivity.
This might be expected because of
the very slight thickness of the glue
coating. Even a marked difference
in the conductivity of the glue in
comparison with the conductivity of
the wood would make little differ
ence in the conductivity through the
entire thickness because the total
thickness of the glue is insignificant
in comparison with the total thick
ness of the wood.
A few runs were made to investi
gate the effect of differences in
average temperature on the con
ductivity of the WOOd. The tem
perature differences between the hot
and cold sides ranged from about
22 to 96 F and the differences in
the average temperatures obtained
in runs on a given pair of test speci
mens (differences in average of
hot-plate plus cold-plate tempera
tures) varied from about 12 to
25 F. Changes in temperature were
obtained by varying the temperature
of the hotplate. These runs were
made on both air-seasoned and
oven-dry woods. In most cases,
there was a small increase in con
ductivity with increase in average
temperature, but the increase varied
from nearly zero to a maximum of
less than 4 per cent. In other words.
for the range of hot- and cold-plate
temperatures used, there was but
little change in conductivity when
the difference in temperature be
tween the hot- and cold-plate sides
was more than doubled by increas
ing the hot-plate temperature. This
indicates that differences in the av
erage temperatures of wood which
are normally encountered, have no
important bearing on heat conduc
tivity.
12
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Table 8-AverageSpecific Gravity of Various Species of Softwoods and Hardwoods

Fig. 9- -Relation between computed conductivity and moisture
content for woods having various specific gravity values based
on volume when green and weight when oven-dry

