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Comparison of Equilibrium Moisture Contents for
Conventional Kiln Dried- and High Temperature Dried
Softwood Lumber by Moisture Content Determination **

Hee-Suk Jung*® - William B. Smith*?

ABSTRACT

The adsorption of water vapor and equilibrium moisture content(EMC) of the specimens for
four softwood species dried by conventional- and high temperature method and equilibrated to
15% of the target EMC condition at 25 were determined by oven drying method and with mois-
ture meters. The amount of adsorption for high temperature dried red pine was significantly
higher than that of conventional kiln dried wood, while those of eastern white pine. eastern hem-
lock and Norway spruce were not significantly different between drying methods. EMCs of these
four species determined by oven drying method and with capacitive-admittance moisture meter
were not significantly different between drying methods, EMC of high temperature dried red pine
determined with resistance moisture meter was significantly higher than that of conventional kiln
dried wood. But EMCs of other species did not show significant difference between drying
methods. EMCs of conventional and high-temperature dried wood determined with electronic
moisture meters, especially in the case of the capacitive-admittance moisture meter measurement,
were lower than that determined by oven drying method.

Keywords : Equilibrium moisture content, drying methods, moisture content determination, oven
drving method, resistance moisture meter, capacitive-admittance moisture meter
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Table 1. Initial moisture content and specific
gravity of specimens used.

Drying Initial Specific
method MC(,o grdvltyl“

CKD"  7.0(0.35)*  0.35(0.02)
HTD® u(ovm 0.3400.01)

Fastern CKD  66(0.62)  0.34(0.05)
vvhlte pine H lD h 2(0 19) O % (() 05)

Species

Red pine

Eastem CKD (0 ‘7b) 0. 3‘)‘(} 02)
hemJock H'ID .1(0.36) O 3()(() 01)
\omav CKD 7. 1(0 20) 0 %h(() 02)
spruce H'ID 7 J(O 70) () 5{0). (Jl)

*1 Based on green volume and oven dry
weight.

*2 Conventional kiln drying.

*3 High temperature drying.

*4 The values in round brackets refer to stan-
dard deviation,

2.4.2 %r‘—o—! T2

AR5 ksl R Wagner L-1000] 52
F4Ee vlan s deol, AlgEE -‘r’&xﬂ $
T AgA A HHlA 2] 134 #
&% SYsbo] iAot

3.1 E57IUE 25

iz

ar

o

4,»

e el o 3 g FrldaAer vl Ed
o) Fip I g B TR 1 0w, A
F7I & FEES 3 2% vk 1E 1ol e
o she} grol, mE Ee] HaA $r el &5
A1 B W Sokskalan, L el ® h
Fol rd g el o] 28 SlolE ikl
AF 4~5% T ol 2R PR wBgol g s
o 4% 5~6% & ks Frtsbrivl, 0 ol%
= A SRR RS et

dridzaer nedzg el ghag vl M
= uhQlet o] 28l glolE aiRle} up iz el
3 f

Table 2. Moisture content differential
tween EMC and m1t1a] \{C(AMC)

driizafe] Aol vls] &5 5% F kel
o}

v

e

|
-
o
¥t
X

'
A

|
ol

T

be-

Species Drymg aMC t value®!
method

Red pine CKD 5.2(0.26)** - 8.473*
HTD 5.9(0.21)

Eastern CKD 5.5(0.77 —0.995
white pine HTD 5.9(0.63)

[Fastern CKD 6.7(0.60) 0.602

hemiock HTD o(U 62)

Norway L,KD ((l 43) ~1.665
spruce HTD f) (J(O 42)

*1 t(6, 0.05)==2.447, t{6, 0. 01)- 3. /O/

*> The values in round brackets refer to stan-
dard deviation,

Abbreviation defined in Table 1.
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Moisture content (%)
Moisture content (%)
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0 2 4 6 8 10 0 2 4 6 8 10
Conditioning time (days) Conditioning time (days}
Red pine Eastern white pine

Moisture content (%)
Moisture content (%)

5 13 ¥ L T L
0 2 4 3 10
Conditioning time (days) Conditioning time (days)
Eastern hemlock Norway spruce
[ T T
P - Conventional kiln dried wood,  ---x-- High temperature dried wood é
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Table 3. Equilibrium moisture content of con-
ventional kiln dried- and high tem-
perature dried wood by moisture con-
tent determuination.

Determi-  Conven- .
L . ‘ High temp.
Species nation  tional kiln dried wood t-value*!
of MC  dried wood
() 12.2(0.40)** 12.4(0.20)  —1.043
Red pine RMM** 10.3(0.20) 10.7(0.20) —5.701™

CAMM™  6.8(0.80) 65(050) 0655
Fastern OD 12.0(0 33) 12.2(0.70)  ~0.378
white pine RMM 112(0.70) 11.4(0.90)  —0.541
CAMM  68(0.70) 7.1(0.60) ~1.238
Fastern  OD 14.10.37) 136080 1124
hemlock RMM  12.4(0.60) 11.4(0.80)  2.291
CAMM  86(0.40) 7.9(0.60) 1934
Norway 0D 13.000.29) 12900400 0633
spruce EMM 105030 1L1050)  ~2.406

CAMM 7.3(0.,70)  7.110.80) 0.493

*] and *2 are presented in Table 2.

*3 Oven drying method.

*4 Resistance moisture meter.

*5 Capacitive-admittance moisture meter.

T gro] b FAn £ Py
G A o] 21 Y=o 714 ZY:, o
29o] 2ZTEL Hr Hgl o]2E 3o
woldth. E7URAS} n2dxAe) 3
Aol ue}t Fgel V7 A st AFS
ol %L ol 2E Fo|E e ol x¥

N, = Al Auy ) k) SR
e dzjsl o, 3 FREA L e
o o FEE vERlsv) §lE, xagoe)
220 A A Ay G FEA i) o
o}, &g FEA e RS o

o
go flo

u

It
o 3B Hu M & 2 fr g O b ofn

9,
l)rﬁ-&ﬂ

ot ob [k 2 1o

oﬂ. 2

ol Abw} 7ro] woldt WHsHrg
argdzAel d7 l A 2A
rpolabsiar, 712Mb 7hol
Hort YFi= Jolsld o, g
o} 4] st zpolr} 18-S o 5 Usich
Mot At Salamon(1966) o) 9 6 @B
of 18+ A4te} Milota®} Quarles(1990) 7} v 22d
22 519} lodgepole pine®] 312712z o] w3 g4
& Gz Ayl Mo Y B3 93
sh4) ¢kak2.v}, Garrahan(1988) ol Black spruce.
Jack pine®} Balsam fire] 2@z e] #3h2]
AR A ?Hlvf’r»g Tl wet Adolsich

i Rgs vEE ol olsh o) S 4
1
1

o
2
r 32

::
o
o

oft

%

o o _1?"
—T o

e

e o 2
Moy
30 O 2 i

AL rlo
i

“t

ox
i
N
N
2

o T
el el ié‘-u’:é’ro Ftzell uhe} el At
2 HidE AL Zqe) v fFdge] FF
2 BLeol] upeh olstr] “Hv; e 53] Haks 5
2ol MA el B4E B oh, Bajel sjet
Aie) e WAl fla, 8 FRAE B4
eyt ofjel WEel Qdaks WAl K o, B S8
Az @48 2R 29 90Ul o sag
Fol7} 9171 Wel] YAt 20 3E ol 9
A AbE A B Sdel S 5 2
S4g slolel & 48 S 2alo} Bk,
4. #& &

FE00 HAEe FEUE oel Aol
dehln 93, A F6710 F s welel @
sz Faae A uzAel Aud Fold
of 7o, ozul slolE Al o 2¥ @3

wEo] ATR el AL ofrpzie] FefFQl =}
o7t ¢l

*LQHZZM G vzt HEYEgrE2
A g3k pEAR 23 39 kel

)
!

o



i
-0
bl
2
.9,
~NJ
s
L E2
N 32

1
2
o2
iz
_i\.

¥
S
2,
BT
o
%
=

40101 ngdzAel gEage dvidzA
o) Ak AYCL, Tt FE A B F
2l gl apolzh Qiick. & HFW Told W
foll eld ol JHE AR, TS AR
FRAR A4 dteln &9 FRAR g ghol
A Ak FUT G g 2= AR
dzdet drldza el H e e
alof 2t AdelstRdal, daid Thol B

4 A apol

-~ 30
LAY
A

golstalon, 38 24
b Aok

B AZE FPE S ARE A8 fuet 77
Z Alys) FAL e T vls w AT
37 2 g g Helmuth Resch 72174,
LA # #3t3} Leonard A, Smith 8, 2183
"i’i T 12 = s i R o s L uuu_«l B

7]_9
o il 411 grate) S8 3o

i

[
=

Oiﬂ

2 EXK

1. Choong, E. T. 1969. Effect of extractives
on shrinkage and other hygroscopic prop-
erties of ten southern pine woods, Wood &
Fiber 1:124~133

2. Garrahan, P. 1988. Moisture meter correc-
tion factors for high temperature dried di-
mension lumber. Proceedings Western Dry
Kiln Association:17 ~23

3. James, W. L. 1968. Effect of temperature
on readings of electronic moisture meters,
Forest Prod. J. 18(10):23~31

4. . 1988. Electronic moisture meters
for wood. General Technical Report
FPC-GTR-6. USDA Forest Service, Forest
Prod. Lab:17

5. Milota, M. R, and S. L. Quarles, 1990.

-

10.

11

12.

13.

14.

15.

The influence of kiln temperature on the
performance of handheld moisture meters.
Forest Prod. J. 40(11):35~38

. Mitchell, P. H. 1981. Effect of heat treat-

ment on selected properties of small clear
specimens of Pinus taeda .. and Pseudotsuga
menziesii{ Mirb) Franco. Ph. D. Thesis, Vir-
ginia Polytech Inst State Univ. @ 172
Pfaff, F. and P. Garrahan. 1986. New tem-
perature correction factors for the port-
able resistance-type moisture meter. Forest
Prod. J. 36(3}:28 ~30

Salamon, M. 1966. Effect of drying se-
veritv on properties of western hemlock.
Forest Prod. J. 16(1):39~46

e . 1972, Resistance moisture meter
correction factors for western softwood
species., Forest Prod. J. 22(12):46 ~ 47
Simpson, W, T. 19891. Dry Kiln Operator’s
Manual, Agric. Handbook 188, USDA.
Forest Service, Forest Prod. Lab.

Skaar, C. 1983. Wood-Water Relations.
Springer-Verlag, New York

Smith, W. B. 1992. Determining moisture
content in eastern redcedar. Forest Prod. -J.
42(7 /8) :67~69

Srmith, W. B. and H. S. Jung. 1993, Effect
of high-temperature drying on moisture
content determunation with electronic
meters. Proceeding of the 44th Western
Dry Kiln Association:31~38

Stamm, A. J. 1964. Wood and Cellulose
Science, New York:Ronald Press
Wengert, E. M, and P. H. Mitchell. 1979,
Phychrometric relationships and equilib-
rium moisture content of wood at tempera-
ture below 212°F (100%). Proceedings of
Wood Moisture Content-Temperature and
Humidity Relationships. VPI & SU



