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Hiroshd Sum: Study on High Temperature

Drying of Douglas-fir Dimension Lumber
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Table 1. A L8 4 2 & ¥ o —

Kiln drying schedule

| i A
| l Remarks
—~ 60 60,0 57.2 15,
60~ 50 50, 0 56,1 15,8
50 - 40 60,0 53,9 L4
40 ~ 38 60,0 51 9,6
G5~ 30 62,8 51.7 8.0
30 o~ 25 65, 6 51,7 &, 9
25 ~ 20 71,7 57,2 5,8
20~~~ 76,7 63,3 6.9
G54 Dy G A o
Equalizing 9.4 66,7 7.1 B
A e H A DU o4 \ 4 r\ "
Equalizing 84, 4 T e EX
K R 3 i
M.C. (%) | Remarks
- INT T Ly
V\Tarm w - — 0.5hr
~ 60 76,7 72,2 12,4
60 ~ 45 82,2 75,6 10,0
A5 s 96 o — 2
45 50 %6. 1 W. B. '1. no control
Vents closed
30 110.0 — - i s
Aa—=54 900 o 5 .
Bqualizing 93.3 82.2 7.2 E1
A0—54 0% = ac -
Bqualizing 85.0 ‘ 10.9 EI
RO | i &
Time (hr) Remarks
3 . ! R N S
i Warm up
8 110.0 87.8 4.0 !
ERA N JVI7 B
PP AT
11 0,0 po— —
110.0 W.B.T. no control
Vents closed
. SEORYPS
o 75 B I —Y
275 C()()!.mg )
3 98,9 87.8 7.1 A2—-749271
qudli/mg I
0.75 — — - ned
£ Cochng .
3 B8y 11.3 ’f j_ T ’7 ":f “) M 7 11
90.6 6% 6 o Equalizing 11

G Y 2 - M.C. schedule
w3 5 A IR m——p Time %chedule

e

Notes 3 Temperatmeq are ccnvexted fmm Fahrenheit to Cel‘;ius
@ A a5 400 0 T B kR 13- Sy, bR B O
BIKFZLPICAS » e 2 E]T

Equalizing T starts when driest sample reaches 79 M., and finishes when wettest sample
reaches 21% M.C. .

@ Aa—54Y VIR SRBHIBD & KT,
Equalizing I{ finishes when average M.C. reaches 11%.
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Table 2, 25 % & #
Drying condition
ik P WM R B
o P e Nos. of lumber
Air velocity  Interval of THDR, | o "
r ‘Ondmon (m/sec) | changing alr = Nominal Iﬁfﬁ} mb?iﬁ
direction (hr) | dimension S
o - CIETD) 132
c & tfﬁl i 0 | 20~23 6 206(2" X 673 91
onventiona i P
. p . 204027 X 4¥ 122
Temp. 880 2,0~2.3 6 /OUEM, & 92
. 204 (2% 47y 122
o Gnrdh - {
Elevatod sl 0 | 3.6l 6 206( 21 x 61 92
evated-High - S : 204(”4’/ Y0 55
Ve BT [ 206(21 % 81 92
. N | 204027 X 47" 122
3641 J | 206024 X 679 91

23 l?-f(f:l‘ib
Measured ai 1eavmc' -air side.

Photo, 3 2V Fo—v - ¥ Photo. 4 avy—1b - Tuvs GF
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Table 3. #I 8 & & U H# kD & kxR

Initial and final moisture content

AR TR 5K E A
Sk A R Oven- dry method Moisture meter
5 % d{” Nognioat o | HEEDOE | ILEBDS
rying condition PRGN Vit o5
dimension Final
%) | M. C. (%)
& 204(24 x4y 44,1 10,4 9.5 1.33
Conventional Temp.
(No Restraint) 20621 % 67 42,3 10,7 9,7 1,71
7ic 204(2/ X 41 46,1 12,3 12,9 3.06
Conventional Temp.
(Restraint) 206 (24 X 67 44,1 12,7 13.3 3,52
L (ET 20424 X 44) 44,0 10,5 12,6 3,70
Elevdted Hwh Temp.

(No Restmmt) 20627 K61y 54,9 12,1 12,6 3,16
t:h,me EE O HEHD) 204(27 X 4 42,7 9,2 10. 6 2.36
Elevated-High Temp.

(Restraint) 206(27 X 61 37.9 9.3 10, 6 2.69

5 20421 X 41 42, 4 11.5 13,7 3.51
High Ecmp (Reetramt} 206(21 X 61 43,4 12,4 13.3 ‘ 3. 66
A Mean e 111 11,9 k 2.87

RHIGRI B4, B IRIC 2 & 151
The number of fest pleces per drying condition, per nominal dimension is 15 pieces.

2)  BEMEEI204BHZ 1221261, 206841291 ~061,
The number of test pleces per drying condition is 122~126 pieces for 204 and 91~96 pieces for
206.

1
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Table 4. 3% # B © b ¥
Drying time

E 2 v & T i
. Drying. Conventional Temp, E}evatcdwﬂlgh f emp ngh Temp.
.. condition p ' T 36,@ E X SES . 3
e Restraint | No Restraint | Restramt Restraint
% M 12 S0 388 21
Drying 120 37.5 38 22
A3 A971 ) } -
Equalizing | 12 6 6 7 3, 758
A3~ 4 9770 - . "
Equalizing I > 5 4 3.5 3. 759
i 67 ] 4 5 ;
Total (har) 167 131 47,5 48. 5 29.5
v ] 149.0 48,0 79,5
Mean (hr) 27 18, 29, ¢
v L;;atolzg K 100 32,2 19,8
Corrected ratio 100 33.3 22,8

1) U aA—AT v T EE,
Includes warming-up hours.
2} 7~y ¥ 0.75hr G5,
Includes cooling-down 0.75 hr.
3 ER GFES L), R eEE WELL BXUEHR TEDH) OwER
Added 5 hrs. to drying time of Conventional Temp. (Restraint), Elevated-High Temp.(WNo Restraint)
and High Temp. (Restraint) drying.

4 5 ISR Ure & (0 Lk

24

H&, ¥ N2 100:33.3:22.8 L7028, S OFEME RS,
WRBGBOBAMERELME 1 DOERE LT, PRIREE (60 SRR (0 Z0% &,
B L OB, Tibb, '
Hsm (g 0g) c£  roeversrrss e e e

TOWTHE Lz, ©DBd, RO

3_ 0

Ry

13, S LELILBUTH~OETH L EOMEICESHTIN S, SRR, ERERO &, H=

(S

5,640, ™hifl - SEEE H=2,550, @HEE H=1,600THY, ZhodLiZ100:45:30 2704, —

AT, WIEIREE IR A, BR

TV, AT & B

iz, TEERE

CEERT Al LD - E 2,}]11,})55{)0

EERICRAMLBWE CAHEERRS L E£5THd. B

72 1 D3

H, RO H Offe { CHRULBEIIHY 20 Offld, £hTh 42, 68, 89 L7 5,
W-2 FERIC & BHB
m-2-1 4 # &
WHERBREM OB2 R EYTHE Lz, e (Radlal) FEIGHRICOOWTL, REBICRETH

DIBOEFERD T 1 o8, B (Tangential) FHEIGERIC 2O, BIFHMAULEET 1 »FHE L
RbDOTH B, WEHEL Fig 5 RT, BEERTATLESDBEAORETHEY, FELits

O BHMOLERDEKRIEEEEORY, MELKREE S0 RERETT 20
DI, FREED 5 EOEKFKETCOYEIHE LN EEL
oL MU EKERE, BEEHRGKENCLZEEL, H5—E
RIS A8 /KEISB & Uiz £, BIEOREIDVTE, BEOXBOT —255, B
FRIC OO TIREKE L Db 70D OVELER 0. 16%,
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AT 5R Ty 20 X40, 20X6H D CHT B

AR [BER

Jigh Ternp, High Temp.
i o
Restint

L i

I P

NI RE I EEEEED:
E R 4 BOCER R
M.C. 8

@ {10204 Q7 a), O 206 (27 767)
kA, Molsture content was measured by an electric meter.

%

Relation between shrinkage and meisture content,

Table 5,

Shrinkage in thickness (Radial)

oo Y

— 5 -

)

L e /\j ) d shrinkage (%)
Nominal s I Measured| Moisture S “ Nos, of
dimen- Drying condition shrinkage| content k| Bk test

sion (%) (%) plece
5 b 2,43 9.5 2,19 | 2. 11
Conventional |~
Temp. 2,51 2,700 4 14
204
(2,,‘52;},/) 2,85 10,7 12,813,971 1.35 | 0.84| 16
’ Elevated- BT
High Temp. ‘;mt 2,91 9,5 2.66 | 4,91 1,89 | 1,01 8
Hish Temp " 2.57 12,0 | 2,79 496 | 1,08 | 1,18 | 17
P o WOERTU P ‘ JURE U U R ,
S B NG Restraint 2.12 9.4 | 187 2,89 0.82 0.71 14
Conventional |~ :
Temp. 2, 44 13,3 2,76 1 4,74 | 1,12 1,24 232
(7,/‘3"6,/) rhiE - 2,57 1,6 12,67 487 | Loz ool 19
- Elevated- 50
High Temp. Re trj{m—t 3,85 9.4 3.30 | 5,62 | 1,68 | 1,27 13
3. 26 12.6 3.52 16,04 1,91 1,10 16
Bl S SO £ Il B Bl B

Measured by an electric moisture meter.
2) EEYEEER0. 16%IC X - THIIE.
Corrected by average shrinkage 0.16% per 1% moisture content change.
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Table 6. 16 % 1 © IX %
Shrinkage in width (Tangential)

3 e s - 1 %i“z 52) Zosl s,
PR s ek oo SHERIIC | o) B
Nominal & # Measured| Moisture - Nos, of
dimern- Drying condition shrinkage| content | S84 | £k | B/ test
sion (%) (%) Mean | Max, | Min, plece
{8 by 4, 45 9,4 4,04 15,49 | 2,65 13
Conventional
Temp, 3.70 12,2 4,01 1 5,451 2,30 1,01 14
204 H ) Q2 Ea b 1 i
(21 %4 i . R 3,54 10,7 3,47 | 4,46 | 1.84 | 0,83 16
: ' Elevated-
High Temp. 3.74 8.7 3.20 | 4,30 1 2.30 | 0.65 8
& e e
= iy | 3 42 Y v
High Temp. 3,17 12.0 4 5,87 12,51 ]0.86 1
& B 3.78 9, 4 3.39 15,10 2,10 0,86 15
LonvcnmonaT
Temyp, 3. 56 12,7 3,99 17,09 2,10 1,13 22
206 j o < ag
(2iwery| i No Restraint 3. 54 1.6 | 3.69[5.36|1.66]0,98| 18
Elevated- o ¥ D
High Temp. Re r,;m 3.83 9.5 3.45 ] 5,04 | 1,88 0,88 14
= JEL o
Eﬂjfgh TQTIL;;J 4%%{)%{{?1;3 3. 06 12,6 3.47 1 5,231 2,08 0,9 16
e —— o e e > e
I - e 10.9 361 0 T T
L e - ~ -

’\/Ieasurcd by an eiec’mc moisture meter.
2) PO, 25510 K » THIE.
Caorrected by average shrinkage 0.25% per 1% moisture content change.

MEE LM R E Tabled, 6 IKRY, BEREAE, BEBRAFOVHAPPD D

RN S CAICKIE D B8, BHMOEBOH RV ERERISHOHE DT
BITHWRINEEL, ZOFELEE U, EXFHOl
7o

Table5, 6 2R% &, FSHEL

o

ZANBNDT T TTRED

TR e R

D) D 204 FHP PPN I L IR LT D, BEDID 2~ 3 DOSCERYY ) 54 KR 1% ol
B &, S

1BH B CNOIOT — 2 &M

I

SRR A 0EBE LA TIR
TR LR, Eshao
SERT TRECEE (%K), WFH
(52KED] THY, {LOMIE L
ISR SN o e L L, JIE

LOREHRTHES S, LA,

AN
Bt 206 MOEHEedE - ST
HOBE, 204 % OERo g -
[E4 =y

SEL S

IS 528, B SR




! 25
lominal okt
I,\*"ml oy ng condition

dimension >

piaes Foxo}
g e 22,0
No Restraint “e
Conventional " .
P 5, BoHk 11
Teanp. 20, 5 270 5, 86
68, &6 47,0
il evz@nd HEQ}I &
Temp, e 0 Conv cmmnai
e 70.3 595 , ,
Femp. 14,007 &8

116, 9 30,9

W 32. 2 22,1
{H1Y
Conventional Temp, s ]
Temp, 373 i 3 v 5, 3ok 118
,,,,,,,,,,,,, B Icwaied 'Hz gh
206 L Temp,
’7//><)6/f> !!;4( . 66,0 40,9
Elevated- High & i
Temp, 25 (,onve,mwnal
< o rc?‘p' §.a3%% 88
) i
High fgfﬁi} 101, 6 371 H!gh Temp.

~ S L,
’*Iumber of te‘st pwcea is 3{), Inches are converted into milli-meters,
[ EHBE =

Degree of {reedom==Test pilece number—2

Al fy
m-zez BWon

LB A8

ORI R O e 1 A

S DI )

NOWSBKELIEE

VIR [

1}

MALENTH » e FD
W oL S, JAS ©
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Table 8, %l 1 & JAS & & % F¢ 4
Evaluation of drying checkings by JAS
‘%wzlw{ﬁm:/xbﬁi
| ¥ a VIZEEY 51‘)@' _
~PEEAE G I INumber of test pieces classified  { ¥
Nominal to Sel, Str., No. 1 or Const, R
i i i iti R e marks
dimension Drying condition PSR prR— éﬁ?{ ;gg; emarks
Spht End checl; check
3 it No Restraint - g) N ;]:)(
Conventional -
Temp. bl B0 %0 0 . LlEnDing
Restraint Y @ 7R
204 ~ WEL L 30 2% 30
(20 244//} i - ;wﬁiu . No Restraint -
Elevated-High &
Temp. = | 4§ % b A
e 30 30 30 O3, FEEQ
Restraint & P, I
S0 & L .
. . . RETNATR S
i i MEDHD €0 27 29 60 cm u [HOEN a)
High Temp. Restraint ’ - (2 MO LG AR
-Lu\ﬁ
e £ DA
BWES L ) i iy 2 4
% # | No Restraint 90 30 2 t éxs“\ gfwlf? DY
Conventional FSE T
- s g AT
Temp, WEHD , . . e S
Restraint 30 30 30 g; 2 iﬁf FimmEih
N
WE L 3 5 £ #
(2//2366//) i« B No Restraint 30 30 30 1
h E]evmednﬂlgh o
Temp. REH D an q
Restraint 30 _ 30 ’ 29
H .
[ mMEHO 2
High lemp Restraint 30 28 30
% B R B AR & B30,

Note : The number of test pieces per condition is thirty.

FHMATICEBERTE, DITNORBEEOBETH RIS SERE LRI VR NI 7 vy VITKRE
HE, WFNORGETHERETFTEIBHEAZLTEL, SeBLTEeiE ks i ol
NWEEZTINE S IELNS

m-2-3 %
HOE, RUh, b, 203 DICkMEN G, EOOMENF4E Table § W RHE, AW,
BMESTR UL, A% BRI, AUNORE SRBMEFHICL > TR 3D Uik

RonBnEHTH b, BLRA, EReRR - BRELCERREeBROMASHYE AP v
B, WIPhbEs oW THE, WENOEBREHFITBNTHZDR
BRREDONDLIITHD, WER L QWRELBOMOLMUN, £20IHRBELEINTHEY, K
EECE, BEEBORUN, 2D ~OHMBEIMIET S EHRILT ~ 2 B LN - e AR IO
THHEEN, HELOETOBERIFVELNLBOIITHE S, AN, b LERic LT £D

DWEMBLRHA LY, COBER, SVRESHTOERTEEDEINNENT LI hbhtbn,

SEW LN o Fee L, WE




Table 9,
Amount of warpings increased by drying

i

=N

=)

3
9

% #
%
dimension Drying condition
‘\;\,\:
g 1.7 7.1 0 L6 11 11,91 =56 2.9 2.2 5, 6 0 A N,
i3 “dt
Conventional b
Femp. L7 4.8 o 1.5 L0 10,41 —15 2.2 0.1 181 —4.1 1.8
x >
04 L 1
(q,,z”ﬁ, i 2.0 ¢ 1.7 2.8 4,17 —32.3 1,7 0 -3.3 2.1 N
J : £i1i g
Elevated-High %
] >
lemp. 1.2 5.6 o 1.3 L3 1.2 —10 2.7 0.2 41 —3.3 2.0 =
53
. . - . R . : X
Ie} 4 e} 5 —{1 8 ] — 23 5
th lemp 18 48 0 ; 0.8 5.6 .8 1.2 0.1 3.3 1.6 >
o
T
i - 2.8 2.7 o 3.0 1.8 6.4 =41 2.9 112 o 2.4 S
f=% AN &
Conventional 5
Temp. Re‘:t.r;;}‘ngt) 1,4 417 —0.8 2 Lo 3.3 —0.8 i1 0.3 481 —3.3 1.6
206 73 1
=t =2 [ 50 v G n 3} T4 97 — e b — 1
(2ix6ny ; - No Restraint 2.3 7.9 0 2.2 14 23,6 2,5 4.5 0. 4 2.3 7.1 2.1
Elev a‘Lcd e T T e s e O ey S S
Temp. 20 &4 O L7L 1.2 —0.8 23 0.6] 43, —-48 20
= i 5 = - o - A A . 5 = 5 A
High Temp. 2.2 2.0 v LY 0.8 4.1 —LS 14 0, 4 7.ri —2.5 2.0
@ Fu P H D, MC’)F“”iSf’t (244 cmy)

& AR

3
D
&

Lics

Amoum Df warping means dszerence of amount before and after drying. Length of test
KA E B30,

Number of test piece is 30.
BEE A4 v Fip S
Values were calculated by coenversion from inches.

pieces is 8§ ft. (Zd4cm).

s
o
|
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Table 10, BABMEBEKIC L ZEOOFFATH
Grading limit of warpings by Japanese Agriculture Standard (JAS)
Bihr - mm
_ OB M a8 B
RO Type A Dimension lumber Type B Dimension lumber
Type of | Nominal P, - o e N DVXEF AL | ATy
warping | dimension g:ﬂ; (E]i: . 11\I0 X?‘ Ii*ﬂ ’%‘ Mo, ﬁ%}( g¥ ey | —F Y54
ST : . e Const. Stand, Util
P 204 i 9.5 9.5 13 ‘ 19 9.5 13 19
Twist 206 | 145 14,5 19 19 14,5 19 29
WD | 204 i 4.9 4,9 12,2 12,2 4.9 12,2 12,2
Crook 206 | 4.9 4.9 12,2 12,2 4,9 12,2 12.2
= h 204 6,5 6.5 10 13 6.5 10 13
Bow 206 6.5 } 6.5 8 i 13, 65 8 13
WHERER 2 Am HCHT 550,
Note : The numbers are corresponded with 2.4 m-long dimension lumber,
Table 11 EC X AEEMOZEm (JAS B
Grading of dried lumber by warpings (JAS)
; 1-?%4, o vAFS v Vi
ué Mg AHD i
- Number & percentage of test pieces
: ) . :lacemed to Sel. Str., No. ! or Const, .
“\Iommai % s B l/) Z ) s #
d;mggﬂ Drying coandition Crook Row Remarks
) R ESE A B EY
Num- | Per- | Num- | Per-
ber | cent ber
& m s 10| 28] 93.3| 30| 100 WD SE
Conven- | Restraint ‘ A%
50 | sl 10 ol a0l 10| MRV 28, 2%
Temp Restraint 30 100 | 29 1 96,7 30 100 _ LK
204 3 106 p a7 t”]ﬁ\ D2, 38k I
(20 3 41 30 100 29 96,7 28 93,3 20 2% 2 K¢
300 1007 29 967 0| 10| WD 28, 3k
ao| wol| 29 97| a0| 100 | WAD 28K Ik
0 1 96, i
29| 96,7 27 1 90,0 30| 100 Jﬁmé Wﬂf& 9 ‘f%&
< ’ ! 3D v, 3 3L
Conven~
tional
Temp. 30 100 30 100 30 100
5 : 35 3 e R4 iA
(?.,fgéél,) i - i ) 30| 100 28| 93.3 30 100 | A0 2k g
’ Elevated- | Restraint ™
' " High . !
Temp. a0l w00| 29 9.7 0| 00| A0 2/ 3Kk i
“tigh" 30 100 29 96,7 29 | o6 7 [HAD 28k, 38 1K
“ernp. i 1 = 2%k 1#
& BN EESNE L %m()?bb

Note : The number of test pieces per condition is thirty.
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L B AR S0 S Helw
None Very Slight Moderate Severe
(N) (V) M) ()]
Fig. 6 BT ICE 28RO K
Grading of casehardening by prong test-piece.
Table 12, 2 v b o—u% ¥ VOB
Casehardening of control samples

& i L - &
Lonvcn*mud} Temp, Elgvatsu High Temp, High Temp.

FHEERA [ WEH O | M HOE B D mEDD
l_\wmugal No Restralnt Restraint g ixe"s:)tramt Rgﬁtraint

dimension ’7}? 5 QKL N I“f;fkgﬁ w7 ;;E’J\C" s f}%& & H
‘(‘00)° Stress <%)‘ i Stress (‘%)' Stress (’%)‘ Stress (:0»5). : Stress

13.6 M o129 v 13.9 vV 4,6 | N 12,0 v

204 9,4 N 9, 4 N 9.3 N 12,5 N 18. 4 M
(2" x4y | 1003 v 13,8 v 7.1 M 9.5 N 11,9 v
9,5 N 105 N 10,6 N 11,0 N 15,9 S

10. 3 N 14,3 5 14, 4 Y 10,6 N 20,9 s

206 11,3 V 10,0 N 8.8 N 7,9 N 1.9 A%
@rxen | 93 i N 2.7 | ™ 1.4 v 14,5 3 1101 M
13.3 S 10,9 v 9.1 | N 15,8 N 15,1 S

SRR eg kT
Note : Moisture content was measured by oven-dry method.

3TH B &

CBRPT O (1 RMEY 0D 204, 206 % 1580 Ko T HEBRO B L TERY G ET
FORRL Table 13 1ZRT, BB L7k 520 B0 &R L OBE & Of@IE, Table 13 Th

BEAXATH L, —icid, SERRCE A 2>NTIHBAHRBATAEELZ N TS, UL, F#
BB s, BROBODHICHLTRA 234 Vv MR E0sFa v o v a2 VIR ESZ 20

OENZHIEHUTHE, SRERO—BE LTOYRLAEL, 20X I UKERE -2
DEEZND, LT, 206 M 204 I ~NTHEOBBREHETE > Tt LA aRENE L, M
FRESKEBTAIMOHAERE LR -TW0E, BREESAECLD COWTH, FHOL LD &K
RBER—ICE AL e LCR RIS ERSILE ST D Lings, # u_m BHRONEDEHLLTINED
THbo Table 1 R UICBEBICHE - CTE A, 206 Mg 20RBE (o TRA4 2—-74 9
7Y BIBABRECHUTEARTSTHY, BAREERNE Ui, B2~ 3BHoa vy va=vs

EL, %

GAFE S 204, 206 145 15 BUC DT, MohiaEl L, AREhoEE LD
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Table 13, #{ &4 yAl
Casehardening of test pieces

THEHE , -
Nominal ! 204 (2% 47y 206 {27 X6
dimension ! 3
%D . 1 (, [1:3 ; W C JIES : [h{%u’ . gi){«{u‘ i e

YL onva,ntwn* ) convention-: Elevated- ;"% o8
condition I Temp, ngh ’lcnp al Temp, H:gh ”l(,mp High Termnp.

Rebt Ta mt

Vi

tress

R Vi
Stress’

b
0
o0
O
<
<
@
Z
o0
W
w
\
o
w

3 13,60 v L es| N L& N 12608 12718 a4 s
4 1200 N lie il 5 1230 vV 140 5 [1L.9] S 5
5 1250 N (250 V 1165, § 1330 M 106 M g
6 135V | 801 N | 89 vV 1071 N | 86| Vv [150] S
7 1 v o7 M 91l VoL esl N | es| v li1zs] 8
8 10,40 N | 79| N (| Vo228 M | 89| v L1 M
9 o8l N lw.a] N 14| V o051 N | g 110 8

10 250 v a7l § (142 M 1240 S |88 M | 90| V

11 M 1230 08 (1wel vV {1050 N J143: 8§ [139! 8§

12 Mo 91 M 1020 M 15T v limel 8 | 9.9 M

13 41 M 167,08 L s6l N 162 08 | 95 N | 93 M

14 1ol N e8| N o5l N lini| N 163 v

N

M o141 S

VAT BT,

&, WBENERZLD

s < obowE

CHEAARBIRIEE RSN 7‘&2 N Te

O A B

e G L e e ey 2ot PR T
A I3 9 Do LWL, A E 7oy e

M-3 EREEA D o~ LB NBET

110°C =973,

Yy
Hfo 2 3P - (EP(H ® .,nl/un) "5: /‘ Ardis E fl,
mfsec i, DAL 24 3 TR F d mfsec & Lioo AL
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FEEGIICE LT, BB R A Y 4 — DB, A 9—=54 VI EEDTR IS0 L, bl

WA Y 23K B0 B, AL Y 2~ UK 0T EH - 12 (Tabled), 2 OHE DA D RN
W, MR Yo~ BB8LERNTH L CEBROITHE L, BEELTRE, BE&MclEEnEETD
W, He OBERADOBENSRENLELONL Y, AERICET WY, R, Hh, To,
BEEDTDIC, FLMBRHEOSERMEL SNE LV AERRE SN - o BBOESHIKE-T
W, BOEEOTMERLDPOERTLE0LELM, SIHANZLOLHD, FRIELTS, 20

TR 2B B, & U T4 LEE DD, 1o, WOV TRENEESERAT L
EFRFNCI A, BEOERBICEUT, COBBOBEEMHNENE LRSS,

PLLOWESELBEL, £092 75— 204, 206 0T 2, EEUCEYLEBONIROED
&,

@ EERIEE 110°C —EOEEEB Ry ¥ o — v, SRR E S W D E R,

@ Aa—3A4 PV, T vy =V M EOREBLRETTS,

0, WL BEORRSRICPALS, MHEGHEIEEOEROES IV AE L, Txhid4m
fsec PbEMHEEND. Tz, EEBEEDOY 5 —4 - 7o N, BEBBEREE NS ECLUT) &
LIt s, 2~3BHETRTT208ENEITH D, BADERIBNEES, £77 % 7 7-L
OB TEABDTOMTH, BROHOESEEREY 32L&, BORIHT 2 D EEREO LV
R R EOMALEZ OGN A

!

WERAY O a—3HEZ D

vV % & &

AFFTIR, 204, 060875 77 —WE, BEEHBERAY Y~y (SR, 08B E
(75~95°C) LEHE (110°C) LAMAGE LAY Y o~ (PR - B, BLUU0C EQANF ¥ 2
D OSBETHERL, WIFHCBEBIC R REETORELE A OMED BB Uite ABF

ETH LI - FHELSDE, TEDLBOTDH 5.

ey
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Study on High Temperature Drying of Douglas-fir Dimension Lumber

Hiroshi Svwr

Summary

Douglas-fiv dimension lumber (2747, 2/ X67) was kiln dried by three categories of schedule

—conventional temperature (Conventional temperature), combination of elevated and high

temperature {(Elevated-High temperature), and constant high temperature (High temperature)

schedule,  The quality of lumbers dried by the respective schedules was examined from a

viewpoint of application for ¢ al drying.,

The bmportant ita obtained in this study are as follows:

1. The drying time can be reduced considerably by use of a higher temperature, Assum-
ing the drying time by Conventicnal temperature is 100, that by Elevated-High temperature

is 32--33, and that by High temperature is 22--23,

2, Concerning wage, there sesms to be a slight tendency that shrinkage in thick-

o
E=3

ature dr

aess (radial) by Conventional tempe 1g Is somewhat smaller than that by higher

uwre conditions, But it will be better to say that the tendency between shrinkage in

tempey
width (tangential) and temperature is not clear,
o

3. End checking 18 a wmajor problem in the drying checkings. In other words, other

(surface checking, split) did not offer any serious problem in this study., End

% tem-

checkings tend to develop deeper into the lumber (along fiber direction) with increasi

perature, and its relation is expressed by the following unequal eguation: Conventional temp,

High temp.

According to JAS, lumbers drled by any deying condition can sc
sult.

4. Twist is hardly influenced by drying temperature, Twist can be reduced o some extent

reely be degraded due

ta thelr checkings as a
&

try means of restraint of the pile during drying. The amount of twist, however, s nearly

squal irrespective of the restraint (with or without) when the degree is evaluated by JAS,

Crook is influenced neither by drying temperature nor by restraint, obviously, On the

ong hec

ather hand, bow can be more diminished by higher temperature drying condi ause the

degree of bow is almost negligible in this case. The amount of bow can be expected to be

reduced by restraining of the pile in Conventional temperaturs drying.,  As the above-mentioned

(twist, crook and bow) are remarkably small, it will be reasonable to say that their

warn

iGcant among the respective drying temperature conditions, In addition,

degres is nol &
quality of lumbers dried under these conditions can bardly be degraded according to the grad-

ing rule of JAS.

5. Knots, especially dead knots, tend to leave from the lumber after Elevated-High and

High temperature dryings, which will cause serious degradation of the lursber quality in the

general high tempez

5. Browning (toasted color) as one of the lumber discolorations is also an important prob-

lem in high temperature drying. The longer the high temperature drying time is, the severer
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the degree of discoloration is. However, it will be possible to eliminate the problem by dres-
sing the surface of the lumber by about 1 mm thick.

7. Both collapse and honeycombing developed from the collapse scarcely occur in Elevated-
High or in High temperature drying.

8. Considering the defects and the drying time, a commercial high temperature schedule
for Douglas-fir dimension lumber (upper grade) can be established on the following funda-
mentals;

i) constant high temperature drying at 110°C (D. B, T.) with high relative humidity in

early stage of drying, and

1) sufficient steam treatments (equalizing, conditioning) after drying,

In addition, it is recommended that wet-bulb depression should be kept below 5°C during
the warm-up period, which should be finished within 2~3 hours, The velocity of air flow
should be above 4 m/sec, if possible.

A variety of problems in both drying materials and drying facilities should be fully con-
sidered and solved as soon as possible in order to adopt a high temperature drying on a com-
mercial hase. Though the former problems may be clarified by many experimental studies
gradually, the latter ones should be mainly solved by effort and decision of individual enter-
prises, Anyway, it can be sald that a high temperature drying may produce many advantages

in future,





