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Abstract

Touse small-diameter trees effectivelyas square timbers, we need to be able to esti-
mate the amount of time ittakes forthese timbersto air-dry. Since experimental dataon
estimating air-drying time for small-diameter logs have been developed, this study
looked at a way to relate that method to square timbers. Drying times were determined
for a group of round cross-section ponderosa pine logs and a group of square timbers.
With regression analysis used to relate the two groups, it was shown that there is a
square cross section ofdimension S thatresults inthe same drying time asaround cross
section ofdiameter D, and the relationship between the two dimensions is S = 0.900 D.
Thisrelationship allows the conversion of previously published estimates of air-drying
times for ponderosa pine logs to air-drying times of square timbers. The conversion is
only valid if the sapwood/heartwood ratio is not altered by the round to square conver-
sion. An analysis of analytically calculated heating times for heat sterilization of round
and square cross sections further verified the relationship, as well as showing it also is
applicable to interconverting heating times between round and square cross sections

when one is known but the other is not.

In a previous study, Simpson and
Wang (2003, 2004) developed experi-
mental data on air-drying times of pon-
derosa pine logs in the 4- to 8-inch (102-
to 203-mm) diameter range. These dry-
ing times were related to ambient tem-
perature, relative humidity (RH), and log
diameter. The end result was a multiple
regression equation allowing one to cal-
culate an estimated air-drying timeto any
final moisture content (MC) for logs of
any diameter between about 4 and 8
inches, stacked on any day of the year, at
any location where historic temperature
and RH data are available.

Square timbers are another potential
use of small-diameter trees, and it would
be useful to also have a way to estimate
their drying times. It is possible to make
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certain assumptions that allow the dry-
ing time results for round cross sections
to be expanded to include an approxima-
tion for square cross sections. The basic
assumption is that there is a square tim-
ber dimension that is equivalent to a log
diameter in terms of drying time. If this
is true, the estimated air-drying times of
square timbers can be calculated from
the same regression equation developed
for ponderosa pine logs (Simpson and
Wang 2003,2004). If development of an

equivalent square dimension is success-
ful, it could be applied to interconvert
kiln-drying as well as air-drying times
between logs and square timbers.

Analytical development of
equivalent square

One way to develop the equivalent
square dimension is to assume an equiv-
alent length of travel for water to leave
the two wood configurations. The devel-
opment of the geometry follows Figure
1, and we can work in just two dimen-
sions since length is not a factor that in-
fluences results. The mean value of the
distance, a (a...a,), from the center of
the square to the surface of the square
where it intersects the circle over an
octant of the circle (by symmetry, we
can work with one-eighth of the circle
and square) of45 degrees is:

a=8/2=r/@, ~0) [ cos ¢

Since we are concerned with only
one-gighth of the circle-square, f,, =45
degrees = 0.785 radians. Integrating:

a=S8/2=0900r
and: §=0.900D [l]
or: D=1.1118 [2]

The meaning of Equation [1] is that a
log of diameter D will dry in the same
length of time as a square timber of
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Figure 1. — Method for relating the
cross-sectional dimension of a square
timber to the diameter of a round cross
section thatis equivalentindrying time.

cross-sectional dimension S equal to
0.900 D, and conversely, for Equation
[2], a square timber of cross-sectional
dimension S will dry in the same time
as a round log of diameter equal to
1.111 S.Equations[1]and[2] allowinter-
conversion of estimated drying times
between round and square cross sec-
tions when one or the other is known,
thus eliminating the need to obtain ex-
perimental data for both cross-sectional
configurations.

Test of equivalent square

Experimental

The relationship between round and
square cross sectionswas tested with the
48 ponderosa pine log sections from the
air-drying study previously referenced
(Simpson and Wang 2003,2004). These
had been weighed periodically during
the air-drying study to determine their
MCs at progressive times during air-dry-
ing. They were 36 inches (0.914 m) long
and varied from about4 to 8 inches in di-
ameter. After the air-drying study, they
were ovendriedfor MC calculations. For
this study, the sections were rehydrated
in a pressure cylinder to bring them back
up to MC levels near their natural green
MC. After rehydration, 16 of the sec-
tions were sawn into the largest possible
square timber. Three of the sections
were unusable, leaving 29 sections still
in the round form. After end coating, all
45 sections were dried in a controlled
environmentof75°F (24°C) and 65 per-
cent RH. The sections were weighed pe-
riodically until weights were close to
stabilizing at constant levels and were
then ovendried for MC calculations.
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Strategy

A factor that could complicate com-
parison of drying times between a round
cross section and the equivalent square
is the heartwood-sapwood proportions.
If a log contains significant heartwood,
sawing an equivalent square would
change the sapwood-heartwoodpropor-
tion. Heartwood generally has different
green MCs and drying rates than sap-
wood which could make drying time
comparisonsbetween a round cross sec-
tion and the equivalent square invalid.
However, small-diameter ponderosa
pine is largely sapwood (Panshinand de
Zeeuw 1980; Simpson and Wang 2003,
2004), so this effect is expected to be
minimal with this species. The Douglas-
fir used in the air-dryingstudy (Simpson
and Wang 2003,2004) contained signif-
icant amounts of both sapwood and
heartwood so we did not attempt to test
the model with Douglas-fir.

The experimental plan was to com-
pare drying times of the 29 round log
sections with drying times of the 16
square timber cross sections and deter-
mine if they could be related through
Equations [1] and [2]. Oneproblemwith
this approach was that, since it was im-
possible to cut the equivalent square
from the corresponding round cross sec-
tion, it was necessary to use different
logs for the round cross section speci-
mens and the square cross section speci-
mens. This means different properties,
including different initial MC, which
could affect drying time. One way to
moderate the effect of different initial
MCs was to compare normalized MCs,
using the following equation:

E=M-Mp(M;—Mp 3]

where M = MC at any time; M; = final
MC (taken as 12%); M; = initial MC
(range =55% to 182%; avg. = 111%;
standard deviation = 34%).

Since we could not directly compare
drying times of the round cross section
to the drying times ofeach log’s equiva-
lent square, regression analysiswas used
to compare regression lines ofthe round
log cross section drying times plotted
with the corresponding equivalent
squares cross section dimension to the
square cross section drying times plot-
ted with the cross-sectional dimension
of the squares. If these two regression
lines are statistically the same, then we
can inferthatthe model ofEquations [1]
and[2] isvalid.

Results

Table1 shows the dimensions and
drying times of the 29 round cross-sec-
tional logs and the 16 square cross-sec-
tional timbers. The results of the regres-
sion analysis are shown in Figure 2 and
the Appendix. Figure 2 shows the two
regression lines and the individual data
points. The solid line is the linear regres-
sion of the round log cross section dry-
ing time compared with the dimension
of the equivalent square calculated by
Equation [1] (not ofthe actual diameter
of the log section), and the dotted line is
the regression of the drying time of the
square cross section compared with its
cross-sectional dimension. As Figure 2
shows, the two regression lines fall very
close to one another, and as the Appen-
dix documents, they are not different at
the 0.05 statistical significance level
(Glantz 2002). Therefore, two conclu-
sions are possible: 1) thatthere isno dif-
ference between the two regression lines;
or 2) that there are not enough observa-
tions to detect a difference at the 0.05
statistical significance level. The num-
ber of observations available could not
be changed, but the results do offer evi-
dence of the validity of Equations [1]
and [2] in calculating an estimate ofthe
drying time of either a round or square
cross section from the known drying time
ofthe other.

The equation for estimating the air-
drying time of ponderosa pine logs was
developed as follows (Simpson and
Wang 2003,2004):

AM = aMT*H'D* [4]
where AM = daily loss of MC (%); M
= MC at the start of any day during
air-drying (%); T = average daily tem-
perature (°F); H = average daily RH
(%); D = log diameter (in.); a through
e are regression coefficients: a =
0.00117,b=1.38,c=1.69,d=
-0.558, e=-1.30.

The practical question that the results
of this analysis can answer is, given a
square timber of a certain cross-sectional
dimension, how do we use Equation [4]
to calculate an estimate of its air-drying
time? We can do this by substituting
Equation[2](D=1.111S)intoEquation
[4]. Asanillustration, we canrefertothe
first entry in Table 1, where the round
cross section is 3.62 inches and the
equivalentsquare is 3.26 by 3.26 inches
The results of this study make it possible
to estimate that a 3.62-inch log will air-
dry in approximatelythe same time as a
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Table 1. — Drying times of round and square ponderosa pine cross sections.

Round cross Equivalent  Dryingtimeof  Square cross Equivalent  Dryingtime of
section square round to section round square to
diameter D 0.900D E=0.100 dimension S 1.111S E=0.100
-------- (in) -------- (days) B CEE T (111) [P (days)
3.62 3.26 26.2 3.14 3.49 27.0
3.80 3.42 30.6 3.22 3.58 30.5
3.98 3.58 43.1 3.55 3.94 28.2
4.05 3.65 47.0 3.63 4.03 48.3
4.21 3.79 49.5 3.70 411 41.8
4.22 3.80 47.8 3.84 4.27 50.8
4.25 3.83 42.7 4.09 4.54 53.3
4.33 3.90 42.7 4.23 4.70 62.5
4.37 3.93 448 4.34 4.82 63.0
4.42 3.98 40.2 4.50 5.00 56.2
4.62 4.15 66.3 4.66 5.18 49.3
4.68 421 55.2 4.81 5.34 72.0
4.79 431 42.3 5.08 5.64 67.0
4.91 4.42 47.7 5.16 5.73 422
5.00 4.50 50.7 5.92 6.58 57.9
5.51 4,96 53.8 5.97 6.63 75.0
5.58 5.02 59.9
5.63 5.07 49.5
5.83 5.25 57.1
5.93 5.34 59.5
6.07 5.46 59.8
6.16 5.54 57.6
6.27 5.64 90.0
6.43 5.79 65.2
6.48 5.83 57.3
6.61 5.95 634
7.18 6.46 100.0
7.28 6.55 71.0
8.69 7.82
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Figure 2. — Regressions ofdrying times to the dimensions of equivalent squares of
ponderosapine round cross sections and to the drying time of square cross sections.
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3.26- by 3.26-inch square timber. So by
substituting Equation [2] into Equation
[4], we have an estimate of the time to
air-dry a 3.26- by 3.26-inch squareas well
as a 3.62-inch-diameterlog.

Simpson and Wang (2003) show a se-
ries of graphs, for several geographical
locations, with curves of estimated air-
drying time compared with the day of
the year the logs are stacked for 4-, 6-,
and 8-inch- (102-, 152-, and 203-mm-)
diameter logs air-dried from 120 to 20
percent MC. Figure 3 shows an exam-
ple of one of these graphs (ponderosa
pine; Boise, Idaho) modified to include
the corresponding equivalent squares.

Heat sterilization times

To prevent the transfer of insects and
fungi between countries in international
trade, wood and wood products in vari-
ous configurations are sterilized. This
practice is becoming more routine. Heat
treatment is one of the common ways to
do this, but one practical problem is ob-
taining estimates of the time necessary
to heat various wood configurations, in-
cluding both round and square cross
sections, to the target temperature re-
quired to kill the insect or fungus.
Simpson (2001)has provided an analyti-
cal method to obtain these heating time
estimates, in steam, for both round and
rectangular cross sections. These esti-
mates utilize heat flow equationsthat are
based on the same mathematical theory
as moisture movement, and because of
this, they also offer a way to further test
the validity of Equations [1] and [2].
Boundary conditions of immediate sur-
face equilibrium in drying and heating
are assumed to be similar. The heating
times for round cross sections of diame-
ters (D) were calculated using the corre-
sponding equations in a previous study
(Simpson 2001), and then the equations
for rectangular cross sections were used
to calculate the square cross section di-
mension ( S) thatwould result inthe same
heating time as the round cross section. If
Equations [1] and [2] are valid, then the
ratio of the round cross-sectional diame-
ter to the square cross-sectional dimen-
sion resulting in equal drying times
should be approximately 1.11. The re-
sults of these calculations, which are in-
dependent of diameter, showed the D/S
ratio to be 1.09. For example, a log 6
inches in diameter, heated at 160°F
(71°C),initiallyat70°F (21°C), 120per-
cent MC, and specific gravity 0.38 (typ-
ical of ponderosa pine), will require 167
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Figure 3. — Estimated air-drying times for ponderosa pine from 120 to 20 percent
MC of 4-, 6-, and 8-inch- (102-, 152-, and 203-mm;) diameter logs and 3.6-, 5.4-, and
7.2-inch (91-, 137-, and 183-mm) squares stacked on any day ofthe yearin Boise,

Idaho.

minutes for the center to reach 133°F
(56°C). The square cross-sectional di-
mension that will heat in the same time
is5.52 inches (140 mm), sothe D/Sratio
is 1.09. This agreement is further evi-
dence that Equations [1] and [2] offer a
good estimation method for intercon-
verting round and square drying times as
well as heating times.

Conclusions

The statistical analysis ofthe experi-
mental drying times of round and square
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cross-sectional logs and timbers shows
that there is a square timber cross-sec-
tional dimension that is equivalent to a
log diameter in terms of equal drying
times, allowing the interconversion of
drying times between round and square
cross sections when one is known but
not the other. The validity of the inter-
conversion method is further reinforced
by an analysis of heating times as calcu-
lated by established heat flow equations
applied to round and square cross-sec-
tional dimensions.
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Appendix
This Appendix shows statistical test
results for the coincidence of the two re-
gression linesof Figure 2 (Glantz2002).
Pooled estimate of the variance
around the two regression lines:

2., .=95.138

y.x,p
Variance around regression fit to sin-
gle line including both data sets:

5y e =91.321

Improvementin fit obtained by fitting
the two data sets with separate regres-
sions compared with fitting them with a
single regression:

§2 =26.161

y.X,imp
Compute F for test of significance
(with 16 + 29 — 4 degrees offreedom):
F =8y imp/Syxp=0275 Fos=2.4
so the two data sets are not from popula-
tions with different regression lines.
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