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Change of Released Surface Strain during Drying
with High Temperature Heating by Radio Frequency
under Vacuum after a Local Steam Explosion Treatment
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Shinji FunwAra*? and Yasushi KANAGAWA*?

Sugi (Cryptomeria japonica D. DON) square lumber was dried at high temperature of about 70 or
90°C by the radio-frequency heating under vacuum 18.6 kPa (140 mmHg) after a local steam explo-
sion treatment. Drying time could be shortened to about one half of the drying time in the usual
radio-frequency vacuum drying at 40 to 50°C. Slight pith checking occurred during the 120°C-steam
explosion. A few surface checks were observed.

Test pieces were taken out at several stages of drying, and were examined in regard to the few
surface checks by measuring changes of released surface strain and moisture content distribution
through the thickness during drying. Surface tension stress, which was observed from changes of
surface strain, increased from the middle stage of drying, and then tended to reverse to compression
stress at the final period of drying. Observing the influence of pretreatment or its absence on drying
stress at the surface zone, tension stress tended to be reduced by the stream explosion pretreatment.
The amount of tension strain is lower with than without pretreatment. The moisture content
gradient through the thickness was very shallow, and the occurrence of drying stress was therefore
reduced. The moisture content at the surface zones and the core declined before the middle stage
of drying. This indicated that surface stress was changed into compression stress at the final stage
of drying. )

Keywords : sugi, local steam explosion, released surface strain, radio-frequency vacuum drying,
prong test.
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Fig. 1. Cutting diagram of specimens.

Notes: 1-1~1-5: Test specimens, a, b, c,d, e, f: MC
specimens. Time to take out test specimens
when performing pretreatment. No.1-1:
before pretreatment, No. 1-2 : after pretreat-
ment. No.1-3: after three hours of drying,
No.1-4: at about 25% MC. No.1-5: at
about 15% MC at the end of drying.

Table 1. Basic properties of sugi lumber before drying.

Moisture content Densities Proportion of heart wood
(%) (g/cm?) (%)
Mean 63 0.64 88
Max. 74 0.66 95
Min. 50 0.61 81
CV (%) 14.5 2.7 6.2
N 30 30 30

Note: 110 mmx110 mm X300 cm.
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Fig. 2.

Results of prong tests during drying. (a)
After 3 hours of drying (MC 399%). (b) At .
about 26% MC. (c) At about 18% MC.

Notes: Material: Sugi square lumber (110x110x

500 mm). Sample position: at mid-length.
Pretreatment : 120°C, 11 times, local steam
explosion. Drying : radio-frequency under
vacuum (temperature 70°C, pressure 18.6
kPa).
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Fig.3. Change of released surface strain with Fig.4. Change of released surface strain without

pretreatment in drying.

Notes: Each point is the mean released surface
strain of 4 surfaces. Large points show
released surface strain after pretreatment.
-1: before pretreatment (110x110X500
mm), -2 : after pretreatment (110x110X500
mm), -3 : after 3 hours of drying (110X110X
500 mm), -4 : at about 25% MC (110x110X
500 mm), -5: at about 15% MC (110x110X
500 mm).
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Notes: Each point is the mean released surface
strain of 4 surfaces. ~-1: before drying
(110x110x500 mm), -2: after 3 hours of
drying (110x110%500 mm), -3: at about
25% MC (110x110X500 mm), -4: at about
15% MC (110x110%500 mm).

DEMIGHEC BT 2 2 bk an s, MO
HEROBKOTFABMUTERMICHERLEZOT
Hb,

F 7z, BRI IIERIS AT AT
Hotehs, —RENCAMBBEERETII#ShS L
*FEECELsnTIEIBENEhE Z IS h
TEY, SEIZBERIIERF D 120°CAAESMEI X -
TIEHEMOMBB D, REORRU T 438 L1
L#EL D,

—fEE, BRI B AR L OE
EE LT, F&LTHESHFAOSKEER L IGE
BEAMERB TN, HEAROSKEERIZDOW
TH, SRRt icREd 2 5KENMEORHE
SHAOWHED S A v FRE U X THERIEN %
e D, i, UEEAMCELTE, w5
B AHREOEKEEMPBER S TH, BEEARL
X HEOWFEEDOR L SERISHBREL T
A#HNERECSRL IR D, LT, W
BERPER2ETRCD T, ERIGHOFRE ENGH
THEZLYARELRY, FEFACHATELORE
PHEWTE 5, SH, EEEATOMREEERY T
AOZELEHRATZ I LIk > T, REOERIEH
EFRIE 2 & EFEIS /T CHE#R T 2 2 EAMHIBAL 72
B, IO rBHERROBNFEEEZH L TWwaE
Ho—oThaEHFZ 5,



134 FihEE fi

[KHEE&EE Vol 48, No. 3

3.3 WElh CEREh

BRHLER I, 120°C/ARERIC & 547 1 RefS 0 #THAZE
BHIBE, TORERME (4905 6 oMoy 4
7)) ZHIE, BEOEDEL 21T-T, BE#IC
BAEBHT 2 TRTEREIATYS, ZOMAEI
X0, AFOFEB BN EUE L TR O R EH AR
TE3HZ AL TWE Y, FERFICEMTTEL
BEETZIELEHINTVEY, Z0DI1200CKHE
KU X B INBEBRTRIC X D RBET 2080, &
BT EDE S KHERSEZ THwaLERNT 2
oz, BPALEOERE L SRERARRESESR 0O
MHAEDbY TERL IR %, Fig.3 & Fig 4 ZR
¥,

Zhe ZBHHET 2EN, 50 cm BB TOH
NOREREREEAROBTHAS &, Figbiomi s
D BRLERTC IS E RS A S iz o fo i A, AL
BRI & i+ FRIOBEMA GRS REE LT
Wiz, MEEi»S T TIERENLBbTLICRELT
WitHicn LTk, TN ALY, Fiek
HECHENBFRELTHE T EBTD sz, &
flhofFEEOBRER, KOEIRELAE L, HESD
REUB L EEFASEM TR 28FD 6N, o
O, - F OO &R B R i DGE
IDEEAEDHL A ERETR Lz, £z, BEAL
HE LzWiEEORAEREER?Z ) TR, T#h
DFEEFEDSRLbo T,

ZDX iz, BRHEOFEI X - TEELOE
HEOBRECRWEALNIRBRM T, EREaTD
O AOEL R T 5 &, FIERIGHEITSH S
RO AOEICHS hicELWRL SN, Tb
b, BRI E L2 WS E—27850.0950.18%
BB U A LD L RI1.55 5 2 fED MR

Fig. 5.

Pith check after pretreatment.

Notes: Material : Sugi square lumber (110x110x
500 mm), Pretreatment: 120°C, 11 times,
local steam explosion.
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