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2.1. #RMELVZORBEL

FESHIIEI Y A 2 =2 v o~ vIED Red oak (Quercus borealis) TiiFfIELy 1£t., JEX 2Yzin.
ORI Lic Db, (K5 (30°F) EMROMFMEED feh Tk OMFEXEG <& S ek~ HokL, oy
AATEBEOREENL HVEHFE LD TH D, THTLETONRGERE RN DL S Th
B%, ZOWE 27X T CHIF T D LD CRED L < Sk LN b & i I #980%
HRETHDOLDOT, EHORELEO T IO L Ebhs, 20X 5 hitlRky 4L bV, £0%
2 DFFL WA T D LicD B, KA D 3in. 0L 25 TEHKRE L OKRGSAENEORRN (77
XVX2) % & ) ENERD I Lic, D¥ o OERM, L 1R L S ITRS 1in. OF
Lo ot (FEREBA) % 2in. Zric~~270L, EHRITDIFEILKES lin. OHOR
SR LB LT e KRG A RO fs Ulc, 780 ERBRFZ203RA L Y 3in. DL IHT~
~ 7 LT, HARSROED BEFEL T B IR X320 di. 0 X ) ieElBrA1x & OfER
KX LTH 16~18 5o~ ~ 27352 A TEL, 1k, HFRRFCOVTE IRICH L L JicEe
DFENC 10 #5 LT D~ ~ 7 %20, i olf il 52 O fiiieb Lofe,
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Fig. 1. Method of marking test specimens.
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2.2. OB B B

ERC R BRI 2 SR L A v X~ 77 v RICEUL 250~400 ft./min., B
FRTH D, RIREL Foxboro itk HTIFIMF CHE S h T\ 528, MREEFRMICIIHTR Fr OIREE
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WH L BHThH o,
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Fig. 2. Small dry kiln used in this study.
ERNERWRZ & Ak o] (M 72533 F, F.P.L., U.S.A.)
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60
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0.45~0.38 13.0 ) 0.20 LI 2.0

Tiobb, EEoBEFcfE e e v L, EEXEL, ERRFAUELT REEk7Tr =
=~ MPROWERT B L2 0%, HOEBEXIE L THBECANDY, 0ok & E-E #FHL
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Fig. 5. Drying curves for Red Oak specimens dried at

indicated temperatures.
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Fig. 11. Moisture distribution at various various stages of the drying

stages of the drying process dried at process dried at temperature
temperature of 125°F. of 140°F.
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HEE TR, T, HROEERGE WA WHDORECR—IC A2 TEWTh, REAE b L
BMEBEOIREL B L RTREZLHTHA I,
d. ko 8 E
R OB BN G KR IPEHELIF ST AT 7% L B e d & &[T, RGBT 0u/ot = K
0%uf0x W LFehi, BEIGOHEENERTHE, R —, HIRO TR LT D o URRE AR
FRENTET S L 5 ICRd IR RIS 81 2 NG RHEEE (K, Ko, K3) RDOLNRDZ L% TT
s Uik, & OFHRIC X0 TABELC B0 B s b 2 b0 K Ok T,
(i) K
Ko (13, 14) XA ACCEHET 2 2L TtESD, ZoXfo A OfiiEEDO LR LT
WD dO&ENRCTH B b, FREL LF—0O% & 54 0Ll LCELL I, KESTRM
Table 1. Kj-values at various temperatures. R X DTS KR O TREE, BL U

= TEREEIIC B 1) DR AR L VBT

" K1 (cm3/h) ,
Time : NAEe Y &ERLT A=—1.8(%/M) &
| 140°F | 125°F | 110°F ‘ 95°F i )

‘ B\ iz, ZOfEEGT (13) Xab K
0.082 0.056 | 0.041 0.040 . e s
1oh 0 BkbB & ERERE 1RO 2 1 U]
24 0.060 0.048 0.030 0.022
i - BOCIRED EF L X bic Ki OffikE
Average | 0.071 | 0.052 | 0.085 | o.om

QY FA NP R/ PY (R
(i) K» K
g B D K OFEIIERE&MGCchH D (16) RoFEE B BLI O C Ofix b & dicriudi
e\, BIREHRIED DIRBORE~R TS & EORMEEIKE, F\oh 2 b &Mz D &K
R L R OB 31 5 AGMITE T B IFHE KR LI IO TRDbND S DTH b, Cikf
B EXh i o TR LRAETHSD, Lo L, KOMBEEZHETS (26) Xt B, C ORE

* o RH OISR BT B SR 5 6 3 RSILET RO (MSERBRIITIE S8 54 3 ) Il
Lo 5s, (B) stib (28) XFCREEOMY NHOIDT, ZOHLOIHEITIT,
INEFTET %, '
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TRE NI T B D
5 ~
TS T, WHROEFCL L T 2 i\
—
e 5 RS KR ORI & é 10 ]
N . 8
LTUETH B, T uaE . e ]
O, T
EIAKG S DT kD 52 4 &
)
Rigy SERMS KR A R
TG B kR 80% 1@
o I9 % T 76 20 24 28 32 36 40 4
LI & LIRKEMTH D DRYING TIME — (DAYS)
MG B Sk Fig. 15. Computed decreasing cources at first
- decreasing drying rate for the surface moisture
LI & XD, Th A 3 R
= L E LD, T content of the specimens dried at indicated
b O FREuRA B L temperatures.
Table 2. Calculation of K~ and K3 at 95°F.
. Drymg i Tlme for | ! R Kt t K
Drying ‘ ) 7 Wy | U — U | U — s T - =
rate | time | calculatlon ¢ [ R 5 <L>~ (i)- (ch_g>
Mm% % % CN22 o2/ TR
144 118 63.3 ‘ 23.0 | 40.3 ‘ 0.724 | 0.130 18.9 6.9X1078
336 310 54.2 15.5 38.7 0.703 \ 0.142°  49.5 ’ 2.9
Ist 528 502 46.6 10.5 36.1 0.656 0.170 ©  80.2 | 2.1
720 694 39.0 7.2 | 31.8 0.577 | 0.223  111.0 | 2.0
912 886 31.7 | 4.8 \ 26.9 | 0.489 & 0.290 | 142.0 ‘ 2.0
1008 982 23.6 ‘ 4.0 24.6 | 0.447 l 0.325 1 157 | 2.1
1104 1078 25.7 ' 4.0 21.7 0.3595 0.376 « 172 | 2.2
ond 1200 1174 23.0 | 4.0 | 19.0 | 0.345 0.432 | 188 . 2.3
1296 1270 20.8 l 4.0 16.6 ‘ 0.305 0.482 | 203 | 2.4
1392 1566 18.8 | 4.0 14.8 | 0.269 0.535 1 219 | 2.4
1488 1462 17.2 4.0 13.2 “ 0.240 0.579 234 2.5
K3=2.51%x10-3
Table 3. Calculation of K: and K3 at 110°F.
. Drymg Tlme for } .| K2 _t ’ K
Drying time | calculation W s U =Us | U~ oo T2 1\ 1\2 2
rate ) P ) ~ ?, (;m >
ty (h) t (h) % % % i < - h /
48 21 70.5  28.0  42.5 0.765 0.107 | 3.36l32.0¥ 107
144 117 | 61.5 l 22.0 39.5 0.719 0.138 18.7 7.4
1st 336 309 52.0 | 13.5 | 38.5 0.692 0.149 |  49.5 | 3.0
528 501 42.5 8.5 34.2 0.615 0.197 80.2, 2.5
720 693 34.0 5.1  28.9 ‘ 0.520 | 0.265 111 2.4
816 789 30.5 ' 4.0 | 26.5 0.476 0.300 | 126 2.4
912 885 27.0 | 4.0 23.0 0.413 0.358 | 141 2.5
2nd 1003 981 24.0 | 4.0 20.0 0.359 0.415 | 157 2.6
1104 1077 21.8 4.0 17.8 0.329 0.463 | 172 | 2.7
1200 1173 19.8 4.0 15.8 0.284 0.510 | 187 2.7

K3=2.58%x10-3



Table 4. Calculation of K. and K3 at 125°F.

S - - : - e
.| Drying | Time for _ - . Kt 4 K
Dgtlgg time |calculation| “” Us | M T U | B PZ T ,755__ ( 0 )2 ( T )z cm?
Jow | v | o w4 z) | \2) | ()
48 20 70.0 | 28.0 | 42.0 0.790 | 0.095 3.2 30.0%10-%
144 116 58.0 | 20.0 - 38.0 0.714 0.137  18.5 7.4
ot 240 212 50.5 15.0  35.5 0.666 | 0.163 | 33.9 4.8
336 I 308 43.0 1.0 32.0 0.601 © 0.2051 49.3 4.2
432 404 36.5 \ 8.2 | 28.3 0.532 | 0.255 . 64.6 3.9
| ‘
528 ‘ 500 29.6 | 6.1 23.5 0.442 0.330 | 80.0 } 4.
624 596 24.0 4.5 19.5 0.566 | 0.407 | 95.4 |, 4.3
) 692 19.5 4.5 | 15.0 0.282  0.515 | 111.0 4.6
2nd 816 788 15.6 4.5 1.1 0.209 0.635 | 126.0 5.0
912 884 12.8 4.5 8.3 0.156 0.750 | 141.0 5.3
1008 990 10.5 4.5 .0 0.113 0.887 | 158.0 5.6
K3=4.96x10-3
Table 5. Calculation of K2 and K3 at 140°F.
(e [ T .
. i Drying | Time for ‘ . Kt _t K
Drying | "pi S | caleulation| % o | U= ts | U=t TR I .
rate | | J2 8 1 \5 =) (em )
L ty (h) t (h) % | % i % N < h/
% 69 58.0 | 21.0 | 37.0 0.740 0.122 1 11.0 |11.1x10-3
- 192 165 48.5 13.0 | 35.5 0.710 0.137 | 26.4 5.2
288 261 39.0 8.0 | 31.0 0.620 0.193 | 41.7 4.6
‘ 384 i 357 30.0 | 5.0 | 25.0 0.500 0.280 | 57.2 4.9
432 405 25.0 'k 4.0 21.0 0.420 0.350 | 64.9 5.4
h
480 453 20.8 | | 4.0 16.8 0.326 0.443 | 72.5 6.1
2nd | 528 501 16.5 | * 4.0 12.5 0.250 0.562 | 80.1 7.0
. 576 549 14.4 4.0 10.4 0.208 0.635 | 87.8 7.2
672 645 11.6 1 4.0 7.6 0.152 0.760 | 103.2 7.4
K3=6.62x10-3
o a3 X LTEE 15 BUR Lk X 5 KA kER us OWORIEY & 5
10 10
I Loy L ZoEEIRS bhS & FHEE KR BORE & 2
Ki: o
! ket x % 8 g 27 R Lo TKGSREIE Ko, Kz %FIHT Do 28T
// == " — . o
5 4 6 D, B 2~b R Th B OFIHMAR LI, K lXERFZICHL T
N ¢l 4 : > - ) ~ —
b k. T BEEDETH B, Ky OISR BEIE R L.
~ 4 7/ 4 =
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X
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Fig. 16. Effect of tempe-
rature on K1 and Ks.
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Fig. 17. Strain, shrinkage and moisture content of slices of 2- by 7-inch
northern red oak dried at 95°F. (M 94898 F, F.P.L., U.S. A)
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Fig. 18. Strain, shrinkage’and moisture content of slices of 2- by 7-inch
northern red oak dried at 110°F. (M 94896 F, F.P.L., U.S.A.)
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Fig. 19. Strain, shrinkage and moisture content of slices of 2- by 7-inch
northern red oak dried at 125°F. (M 94899 F, F.P.L., U.S.A.)
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Fig. 20. Strain, shrinkage and moisture content of slices of 2- by 7-inch
northern red oak dried at 140°F. (M 94897 F, F.P.L., U.S. A.)
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Takeo Ocura: Effect of Temperature on the Moisture Conductivity
in Wood and on the Strain developed in Wood as it dries.

Résumé

This is a report of the research made by the author as a collaborator
while participating in research work at the Forest Products Laboratory, Madison,
Wisconsin, U. S. A. for eight months in 1953.

This study was made under the guidance of Mr. J. M. McMillen on definite
lines of study connected with drying strain developed in wood during the drying
period.

Acknowledgements are cordially made to Mr. Rietz and Mr. McMillen for
their guidance in conducting this work, and for their kindness in allowing me
the privilege of writing a publication in my own language on the results of
the works done while the author was there.

On the standpoint of developing practical drying kiln schedules for drying
wood as rapidly as possible without lowering its quality, numerous researches
on drying strain developed in wood during drying have been made at the Forest
Products Laboratory for 18 years. The experimental technique to measure
drying strain developed in wood was described by Peck,” and the general
patterns of drying strain were published in the Kiln Certification Manual.?
The method of utilizing these preliminary studies to set up a new concept of
kiln drying schedules was described by Rietz.!> In 1951 Torgeson'® brought
out a« whole new series of kiln schedules for American woods based on these
principles.

In order to make further advance in the development of kiln drying schedules
for wood based on drying strain, a more thorough knowledge of the effect of
various variables on drying strain in wood is required. J. M. McMillen is
continuing to make comprehensive studies of the strain that developed in red
oak during drying from the standpoint mentioned above. This study, on the
effect of temperature on the drying strain in wood, is the third in the series
of studies. Reports are in preparation on a preliminary study of the effect of
relative humidity at 110°F.” and the effect of width of specimens at 110°F.9

Experimental method.

The specimens used in this study were the red oad (Quercus borealis) stored
in a low-temperature, high-humidity storage room for about one year. Each
specimen was planed off in dressing it to the final dimension of 2 by 7 inches
by 5 feet long, and the initial moisture content was about 80 percent.

After the marking 1-inch strain section at 2-inch intervals along the length
of the specimens as illustrated in Fig. 1 was completed, and the width of each
strain section was measured in green condition at the points designed for the
midwidth of each slice, the specimen was placed in the kiln. The temperatures
used in this study were 95°, 110°, 125° and 140°F. In carrying out the drying
schedules at each temperature, an atiempt was made to use the proper wet-bulb
depression at each stage of the drying, so as to keep the equilibrium moisture
content (E. M. C.) condition the same at each temperature for each stage of
the average moisture content of specimens. Changes of wet-bulb temperature
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depression were based on the “ E’’ value, which is calculated from the following
formula,

Current moisture content—E. M. C.

Original moisture content—E. M. C.
so as to achieve equality of drying condition between specimens dried at
different temperatures. The E-values at which changes were made and the
approximate E. M. C. condition were as follow, :

E-Value E. M. C.
1.00—0.60 18 (%)
0.60—0.52 16.9
0.52—0.45 15.1
0.45—0.38 13.0
0.38—0.30 9.2
0.30—0.25 6.3
0.25—0.20 4.4
0.20— 2.0

At each time of test, the section was cut from the specimen and the width
of each slice marked on the section was measured. The strain section was then
sawed into ten clices, and each slice was measured at the same point of the
width as before, as shown in Fig. 3 and 4. The weight and the moisture
content of each slice was measured.

Results

The moisture diffusion coefficients, moisture conductivities and the effects
of temperature on the moisture movement through the wood were obtained
after the author returned to Japan, using the experimental data obtained in
Madison, that is the drying curves (moisture content vs. time) for specimens
dried in the equal drying conditions at different temperatures as mentioned
above.

(1) Moisture conductivity.

a) Evaporating coefficient a at constant drying rate.
Moisture evaporating coefficients a on surface at constant drying rate were
calculated by the following equation;

zzf}t =a(pw—po)
du _2 100

A a2

Although the drying condition (pw—po) was kept in equality at different
temperatures, the drying rate increased with temperatures increase. Figure 8
shows the effect of temperature on the moisture evaporating coefficients.

b) Moisture diffusion coefficient; 2

Moisure diffusion coefficient was calculated by Egner’s method in which it
can be obtained by the following equation, using the moisture distribution

0
P e
100 du

dx

curve at each drying stage shown in Figs. 9 to 12. The moisture diffusion
coefficients 4 calculated at different moisture contents are shown in Fig. 13,
and this shows that A-values are approximately equal regardless of moisture
contents. The effects of temperatures on 4-values are shown in Fig. 14,
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and it seems certain that the A-values increased linearly with temperatures, in
spite of keeping the drying condition in equality at different temperatures.

¢) Moisture conductivity K

Moisture conductivity K, which is the coefficient of the diffusion equation
Ou _ 0%

ot 0x?’
Moisture conductivity K; at constant drying rate was obtained by equation
(14), K. and K; at the decreasing drying rate by equation (27).

Ki-values obtained at different temperatures are shown in Table 1 and the
relation between K; and temperature is shown in Fig. 16. K:-values were
obtained in assuming that the moisture content on surface of specimens decreased
exponentially as shown in Fig. 15 as they dried, and Table 2~5 showed the
calculated values with Kj-values of the second decreasing drying rate. Both
K- and Kj-values linearly increased with temperature as shown in Fig. 16. As
mentioned above, all coefficients which mean the faculty of moisture movement
thrugh wood increased with temperatures, notwithstanding that the drying con-
dition was Kkept in equality at different temperatures.

was calculated by utilizing the equation described in the Appendix.

(2) Drying strain
a) Strain pattern

As shown in Figure 17, 18, 19 and 20, the general patterns throughout the
drying process were generally the same for all temperatures studied. In other
words, the outside slices were severely stretched, went into tension early in
the drying, and reached a maximum tension strain. Tension strain in outer
slices then started to subside to zero and, in reversal of stress, sirain changed
from tension to compression. Strain in the 2nd and 9th slices remained close
"to zero and did not become set. Strains in the other interior slices gradually
increased to maximum in compression, then subsided to zero and reversed to
tension set at the same time as the outside slices were going from tension to
compression.

Table 6 shows the time, after the start of drying, that the maximum tension
strain in the outside slices appeared, the magnitude of it and the average
moisture content of wood, and the eqilibrium moisture content condition in
which the maximum strain occurred at each temperature. According to Table
6, it can be said that the higher the temperature in the kiln, the faster the time
when the maximum tension strain occurs in the outside slices. Also, there is
a general tendency for a greater maximum tension strain at the higher tempe-
rature, although the magnitude of the strain when it approached 110° and
125°F was about the same.

As far as the cznter slices are concernad, the maximum strain in compression
always occurred considerably later than the maximum strain in tension in the
outside slices, as shown in the strain patterns. The time to maximum strain,
the magnitude of the maximum strain, the average moisture content of the
slices, and the E. M. C. of kiln condition at time of maximum compression
strain are shown in Table 7. As indicated in this table, the time to maximum
compression strain in the center slices was considerably shorter for the higher
temperature. As indicated by the E. M. C. values shown, this point was
sligatly later in the drying period for the lower temperature than for the higher
temperature. This means that at the higher temperatures the point was reached
while the wood held a higher average misture content.
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The time at which the tension strain in the outside slices changed to com-
pression differed for each of the temperatures, occurring earlier at the higher
temperature than at the low temperature. The times, the average moisture
content of the slices, and the E. M. C. conditions in the kiln at this point are
shown in Table 7. The change from tension to compression occurred at a
higher average moisture content at the higher temperatures. Also, the kiln
conditions were milder at this point for the higher temperatures, as shown by
the higher E. M. C. values. It will be noted, however, that the average
moisture content in all cases was around 30 percent. At this average moisture
content, of course, the outside slices are below the fibre saturation point, and
the interior slices are above the fibre saturation point. The compression strain
in the center slices always changed to a tension strain later than the other
slices did, and this change occurred at a later time than the time at which the
outside slices changed from tension to compression.

At the end of drying in all cases, the outer slices are left with a higher
degree of compresion strain, and the inner slices with varying degrees of
tension strain. This is a final condition found whenever hardwoods are dried
without a conditioning treatment to relieve the strain known as casehardening.

b) Moisture distribution at maximum strain.

The moisture distribution at which the maximum tension strain appears in
the outside slices is shown in Fig. 21. This shows that the moisture distribution
in all cases was fairly steep near the surface and the steepest at the higher
temperature. Figure 22 shows the moisture distribution at which the maximum
compression strain occurred in the center slices. In all cases, the moisture
gradient was about the same, the average moisture content apparently was
considerably above the fibre saturation point, and the moisture content in the
center slices was still over 60 percent. The moisture distribution at the time
of the first maximum tension strain in the center slice after changing its strain
is shown in Fig. 23. This figure shows that the moisture content in the center
slices at the time of the maximum tension strain is still near or above the
fibre saturation point, and that at this stage honeycomb is likely to occur.

¢) Magnitude of the maximum strain

In order to determine the effect of the magnitude of the strain that occurs
in the outside and center slices on the development of surface check and
honeycomb, il is necessary to have information on the elastical properties of
wood such as the stress and the elongation at proportional limit, strain—stress
relations perpendicular to grain in both tension and compression, and the effect
of temperature and moisture content on these elastical properties.

Some works in the testing of the strength of wood perpendicular to grain
at various temperatures and moisture content values were reported by Green-
hill,?> Kollmann® and Ellwood.®» Although work on stress-strain relation per-
pendicular to grain of oak was done, as far as I known, only by Kollmann,
there seems to be a certain doubt about the method of measuring stress-strain
curve, and also the stress at proportional limit cannot exactly be ascertained.
The study made by Sawada'® about the stress-strain relation in both tension
and compression perpendicular to grain of several Japanese woods including
oak, at moisture content of 17% and at room temperature is the only one
which can be used for testing the development of check during drying. He
reported that the magnitude of elongation at proportional limit was 0.59+0.11%
in Japanese oak. The general order of magnitude of the maximum tension
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strain in surface by whole slices was 0.003~0.0046 inch per inch as shown in
Table 6. Consequently, it might be said that the magnitude of strain occurring
on the surface layer of wood will be considerably larger than the average by
whole slice, and will be about the same as the elongation at perpendicular
limit or slightly above it. It is believed that the maximum strain on the surface
is beyond the elastical zone and in the plastic zone on the surface tension
strain, and the maximum strain in the center is also in the plastic zone of the
compression strain in the center.

d) Set ,

“Set” is defined as the difference between the true normal shrinkage of
the wood if it can be slowly dried without restraint, and the actual shrinkage
of the wood as influenced by self-imposed restraint. In this case, the true
normal shrinkage was estimated as the shrinkage observed for the second and
ninth slices which, as illustrated in Fig. 17 to 20, were subjected to the uniform
shrinkage for a time at the beginning of the drying process. The patterns of
development of set in wood as it dried are shown in Fig. 24. According to
this figure, tension set in the outside slices gradually increased after the
maximum tension strain in it, thereafter lightly decreased and again increased
after strain reversal. This tendency increased at higher temperature used in
kiln.

The patterns of compression set in the center slice show approximately the
same trend as tension set in the outside slice. The magnitudes of set are
shown in Table 10. This table shows that there is a trend for greater com-
pression set in the direction of higher temperature, but not so much as for
tension set.

e) Strain, set, and stress distribution in wood after drying.

The strain and the shrinkage in wood kept in room condition for one and
for two and a-half months after drying were observed. The same strain as
that observed just after completing the kiln operation remained essentially
unchanged, although the moisture distribution in wood turns uniform, as shown
in Fig. 25. If the strains occurring in wood and the modulus of elasticity are
known, it should be possible to calculate the magnitude of stress by formula:
P=nllIxE. However, it appears difficult, perhaps impossible, to calculate
the stress in the wood at various stages in the drying process, because of the
difficulty in obtaining either the exact value of moisture content in various
portions of the wood, and in the Young’s modulus corresponding to temperature
at test and in the moisture content at that time. The author believed it might
be helpful, however, to attempt a hypothetical analysis of the stress distribution
in the wood at room temperature after the completion of drying. Figure 26
and 27 show the results of stress analysis, in which Young’s modulus on beech
in tension perpendicular to grain obtained by Greenhill® were used. There
seems to be a tendency for decreased stresses after longer storage in room.
Little decrease of the stress at the surface of wood, however, can be expected,
even though the wood stressed is kept for two and a-half months. It can be
said, therefore, that a high-humidity high temperature coniditioning treatment
at the end of kiln drying is imperative in order to prevent casehardening from
taking place.

f) Care in kiln operation.

Since maximum tension stress in the outside zone appears early in the
drying process, it is during this stage that greatest care should be paid to
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control of relative humidity so as to avoid surface and end checking. At the
higher temperatures, this point of maximum tension stress in the outside occurs
very early, so error in kiln operation must be avoided during the first day or
two of drying. The fact that the present experiment indicates maximum
stresses are greater at ithe higher temperatures also indicates that it would be
wise to use higher relative humidity if a higher temperature is used. Better
still, in the drying of wood which is especially susceptible to surface and end
checking, high temperatures probably should bz avoided at the start of drying.

Since the point of maximum {ension in the center occurs while that zone
still is at a comparatively high moisture content—at or above the fibre saturation
point—and the wood is no stronger than it would be in the green condition,
high temperature that weakens the wood should not be used at this point. This
is the stage at which honeycombing is most likely to occur. As the interior
dries down below the fibre saturation point, the wood becomes stronger and is
better able to withstand the tension stresses, even though they remain high or
increase, and higher temperatures can then be used.



