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N Table 1 Mean moisture content in SUGI green logs
DEKRETH Y. TH, OH '
EEVIFEEKRTE S ° Month Jan. Jun. Aug. Nov.
DI 6 B D&
B bpik A a7k Test logs 12 15 14 16
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BT 7K D IS DI HES A Maximum moisture content (%) 265 193 248 . 231

Mean moisture content (%) 216 157 205 196
LT, EHRANDEKEH Minimum moisture content (%)  166. 117 165 158
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Fig. 1 Seasonal distribution of moisture content (SUGIL 30 years old)
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Table 2 Moisture content in green in HINOKI
Month Jul. Nov.
Moisture content in heart wood (%) 38.3 u7.0
" Moisture content in sap wood (%) 160.3  143.0

Note: Mean moisture content of two test boards

Table 3

Moisture content in green in softwood ¢*!

‘M.C. in green (%)

M.C. in green (%)

Species Species

Sapwoed Heartwood Sapwood Heartwood
HINOKI 153.3 33.5 NEZUKO 208.6 56.
AKAMATSU 145-0 37.4 MOMI 170.3 60.1
SUGI 151.4 71.5 TODOMATSU 211.9 76.1
ASUNARO ©154.9 30.5 EZOMATSU 169.1 40.6
SAWARA 154.5 38.3 127.5 40.8

KARAMATSU
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Table Y Moisture content in BUNA green logs
Place Measuring time Test logs M.C. in sapwood (%) H.C. in heartwood (5)
C ’ Minimum Mean Maximum Minimum Mean Maximum
Takayama Every month 48 70.8 91.7 120.8 60.1 6.6 93.2
Mino - Jan. 20 50.3 77.2 105.0 64.0 77.0 91.7
Jul. 28 30.0 7.4 90.4 30.5 uy.2 52.7
Every month 48 78.9 114.3 146.2 48.0 64y 100.8
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Table 5 Moisture content in NARA green logs (heartwood)

Measuring time Test logs M.C. (%)
Minimum Mean Maximum
Autumn 30 57.8 65.5 78.1
Winter 30 68.0 75.5 80.8

Table 6 Moisture content in green in hardwood ¢“’

M.C. in green . (%) M.C. in green (%)
Species - Species -
Sapwood Heartwood Sapwood Heartwood
KURI 102.7 91.3 SHIRAKANBA 95.0 89.7
SEN 101.5 771 UDATKANBA T2.4 92.2
KIHADA 95.1 85.0 KEYAMAHANNOKI 126.9 105.3
MIZUNARA 78.9 71.5 - HOONOKI 93.0 52.2
© YAMANARASHI 75.4 .9611 BUNA 81.6 80.0
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Table -7 Monthly mean temp. and relative moisture content in test period
and normal value (Takayama) .

Monthly mean temp. ° " Monthly mean humidity
Year Month - —
In test period Normal value In test period Normal value
T.(C)y = T.(C) H,(%) H,(%)
1965 3 0.1 1.7 T4 76
y 5.8 8.2 72 T -
5 4.3 13.9 T2 . 73
6 18.7 18.5 77 78
7 21.6 22.5 8l 81
8 22.8 23.2 76 81
9 17.2 18.7 82 83
10 10.4 12.1 79 80
11 7.1 6.1 80 ‘82
12 0.7 0.7 87 8y
1966 1 -2.9 -2.7" 83 - 83
. 2 -0.4 -2.3 78 80
3 2.8 1.9 78 ) 76
y 9.5 8.2 71 72
5 13.3 13.9 61 T3
Average 9.4 9.6 77 78

Table 8 Monthly mean temp. in test period and normal value (Mino)

Monthly mean temp.

Year Month
In test period Normal value
T.(C) T.(C)
1971 5 18.1 17.9
-6 21.8 21.7
7 25.9 25.8
8 26.7 27.0
g 22.2 22.9
10 15.7 16.8
11 11.1 11.3
12 6.4 6.0
1972 1 6.5 3.3
2 5.7 4.0
3 8.6 7.3
y 13.8 13.0
5 17.7 17.9
6 21.7 L 21.7
Average 15.9 15.5
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Behavior of moisture content in piles after air drying

Table 9
(BUNA, Takayama)
Thickness (mm) 40 4o Lo 50 50 50
Drying time (day) 180 120 210 140 120 120
Date of beginning 9 Apr. 17 Jun. 9 Aug. 29 Aug. 24 Sep. T Oct.
Upper tier (%) 15.2 16.8 20.7 22.9 211 22.0
Middle tier (%) 171 17.9 20.6 22.8 25.0 381
Lower tier (%) 16.7 20.6 22.5 27.4 30.7 44.9
Average (%) 16.0 18.4 ~ 21.3 24 .y 25.6 35.0

Note: Moisture content in each tier is an average of some points of that tier.
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Table 10  Monthly @r:ying time for air drying of single board
(BUNA heartwood, from M.C. 80% to M.C. 30 %)
Month
Place Thickness
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec
Taksyama, 40mm 70 64 38 34 17 - 56 38 40 64 53 114 110
Gifu pref. 20mm 33 35 30 21 10 19 20 12 23 12 75 56
Mino, = L4omm 28 27 18. 25 24 21 20 43 33 23 20 34
Gifu pref. 20mm 8 133 9 10 6 21 10 7 18 9 10 18
Tottori,  USim  69° 55 54 42 4T 48 29 27 34 54 65 69
Tottori :..30mm_ -24 . 34 19 23 19 17 18 10 28, 20 22 35
pref. :
Iwate, 36mm 13 12 31 - 56
" Iwate pref. 20mm T 6 20 15
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~ Table 11 Drying time from M.C. 80% to M.C. 30 % (BUNA, heartwood)

Date of Thickness Drying time (day) Rate Place
beginning (mm) Single board Pile
(A) (B) (B/&)
8 Jan. 30 15 28 1.87 Mino
13 Jan. 30 15 27 1.80 Mino
13 Jan. 40 70 149 2.13 Takayama
13 Jan. 30 50 17 2.34 Takayama
1 Feb. 30 20 25 1.25 Mino
2 Feb. 36 64 87 1.36 Takayama
25 Apr. 30 28 36 1.29 Takayana
11 May 30 it 2 1.7 Takayama
.13 Jul. 30 19 . 31 1.63 Mino
20 Jul. 30 . 27 L2 1.56 Takayama
31 Jul. 23 12 18 1.50 Takayama
- 3 Sep. 30 25 40 1.60 - Mino
21 Oct. 30 92 110 1.20 Takayama
Average 1.63
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. Table'12 Outline of test logs (SUGI)

Place Test period No.  Age of wood B.H.D. Hight of Crown Crown Initial Way of cutting
wood hight length veight
(year) (cm) (m}- (o) (o) (kg)
From 3 Aug, 1977 B~ 19 BI'R] 1.6 7.0 7.6 133.5
to 28 Feb. 1978 B-2 19 14.0 131 4.7 8.4 17.5
B-6 15 9.6 8.0 L.0 4.0 50.0 Cutting to mountain side
Froam 26 Jun. 1979 B8-7 15 8.8 8.0 4.0 u.o 56.0 Cutting to mountain aide
to 26 Oct. 1979 B-8 15 9.5 8.0 4.0 L.0 57.0 Cutting to mountain aide
: B-9 15 9.4 8.0 4.0 L.o 50.0 Cutting to valley side
Mino B-10 . 15 8.7 8.0 1.0 L.0 52.5 Cutting to valley aide
From 20 Sep. 1979 D-1 15 ° . 9.2 8.0 8.0 0 3u.0 Control
to 10 Jan. 1980 B-11 15 10.7 9.6 5.1 4.5 63.0
B-12 18 1.8 1.0 5.0 6.0 100.5
, "B-13 18 1.1 1.0 5.0 6.0 107.0
From 13 Jun. 1980 B-1Y 18 ‘0.8 1.0 5.0 6.0 87.0
to 17 Dec. 1980 B-15 18 9.6 11.0 8.0 3.0, 59.5
B-16 18 10.3 1.0 8.0 3.0 74.5
D-2 18 10.5 11.0 11.0 ] 59.0 Control
D-3 18 10.3 11.0 1.0 0 55.9 Control
Table 13  Outline of teat logs (HINOKI)
Place Test period No.  Age of wood B.H.D. Bight of Crown Crown Initial Way of cutting
wood hight length veight
(year) (em) (o) (o) (o) . (kg)
B-3 18 9.9 10.6 6.1 4.5 58.0 Cutting to mountain side
B-U 18 1.8 10.8 " 5.8 5.0 62.0 Cutting to rountain side
. B-5 18 9.2 9.6 5.1 4.5 45,0 Cutting to mountain side
From 21 Sep. 1979 B-6 18 9.2 9.0 4.0 °5.0 n.o Cutting to valley side
to 28 Feb. 1980 B-7 18 9.3 10,4 5.9 4.5 47.0 Cutting to valley side
B-8 18 10.0 10.3 5.8 | 4.5 58.0 Cutting to valley side
D-1 18 1.8 10.1 10.1 0 61.0 Control
‘Mino D-2 18 9.3 10.0 10.0 0 40.0 ° Control
B-9 18 7.5 9.0 5.0 4.0 34.0
B-10 18 10.5 11.0 5.0 6.0 76.5
. B-11 18 9.0 11.0 5.0 6.0 57.5
From 13 Jun, 1980 B-12 18 9.8 11.0 5.0 6.0 T4.0
to 17 Dec. 1980 B-13 18 10.0 11.0 8.0 3.0 63.5
B-14 18 10.5 11.0 8.0 3.0 69.0
D-3 18 1.0 1.0 1.0 0 62.0 Control
D-4 18 9.3 1.0 11.0 ] 4u.s Control
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Table 16 Drying time of

logs without bark

(from M.C. 100% to M.C. 40 %)

Diameter at top of the end (cm) A 8 12 15 17
Percentage of heartwood (%) 0 29 20 29
Drying time (day) it 26 29 60

Table 17 Index n of logs without bark

Diameter at top of the end (cm) 12 15 17
8 1.53 1.16 1.93
12 - 0.49 2.40
15 - . 5.81

W, Fig.5 8 @mm:&:w:xm&mzﬁ?@; DEKESIZITHELLNB100%%2E LT,
%ﬁnmm%#ﬁbr&%aTwm17%m

SKBL0% T TOEFEERETable ] 6 DL Hickw.
%,

SHEBHM O n O, —BIC13~160EETH S L VbR TV B DI LT, FEAKDE
SRIAIDREVEERL, ROBREEHBREORIRIR., KM OEX &:Ezfaeﬁﬁméahu b = DK

TEREKENBBIEERLTVS,

ROZFELSmDIAM EftOBRGOHAM EDn Z)S'ﬁifiﬁ’&‘?ﬁ‘i)i\ C i 15cot DI ERH31 2em
1Ten#t & D/NE CRORDFCHARBRINE V1D TH D AAM OB KORDOA X & & [R]i I

DO ED 2 HEIHRRE I BLETHEOREVTEARLTVE DD EEL LN 5,

3) AXHoEKkEHIHIE

Fig.6 1 8L UFig. 6 2 1T, AAMOERIT L 3 SKRIMHOTILER L,

Deying tims {day)

Molsture content (X)

° PO DY T TS B |
[} 2 4 8 ] 10
{Pith) {Bark)

Distance from pith (cm)

Fig. 61 Behavior of woisture content in SUGT logs with bark
(drying from 10 Jan., 20 am in dismeter at wp)

300

g

Molsture content (%)
H

Drying time (day)

g

en
o b 3 4 ¥4 1oy

o 2 4 e ] 10

i Bark)
o Distance from pith (cm} e

Flg. 62 Behavior of moisture content in SUGI logs withaut bark
{&ymﬂm\ﬂ.!en..zbmindiamem'a\:top)




Chid, EIRERERIEY 5 MEUK S @i, RO ER20cn DA EHAKB & UFIRALAZE—2F
2181085 58BL. 2BHCEIKAOEV20mDETAHOEE 2caDMREER L, Bl &
D 1T EICERMEITIIEKRERELIbDTH S, TOEE, HEAKDF LWAORZOH
BHR=ZILD TV Fa—54 Y% LTARON S OEBEIE L /<,

Fig. 6 1 OEA 2HATREBEEOERIC Lot > TIHDRROESKRIIEDT 255, RBW
DEKRIHE VDT WKL VERIIH LI LE2LRLTV S,

CHITH LT, IEAKTRIOHBOSKEDOOIER AKX, HEONELSTEEIS >bh
TW3, UL L OHMBOEKRIZIFIEAELET, THEOKSBUHER L DKL 18- 7B A
BB EENST 5,

D& IKHAMDOFE 3. BRTIHE TRAMIDKI DA HRER U, BEKIITIE » TOMER
DIKDFREWD B0 TOPREAFYPOWREEEE L (ETEEFREN -T2 T Loy
%

C. B QDI EE

HIERM OFKREEREE UT, REKOMAICBIFAERS L, BLURAMOHARS W3 TEL
BB 2ERBICOVWTARRTELY, TNHRVWTRLEIMGOEBRERIRE Lichb W 2 FiNE
ELTODHRTH D, TROEHRE LTREMESNREENENETH B,

L b, BEAHERM 0NN & LTOEKRRITE 2 I EEEKRICEM T 5 T L HEB T
By, BEABHEK TS, HEMOBEREM EEM) LT, 25%LTF (D25) . 20%LLF (D
20) . 15%LIT (D15) OFROBPESNT VDB, TORD, KREBRO L TRERIEES 3 VI3 H
FFEKBROE» SHTEABENSH D, PROATKRBUKELNL S,
BEEHIEHMOATERE UTEER ML LTV A HEIRELCRTH 205, ORELE

DIFETOEM b OERATHHEE LT 5 LERERGWMT 5720, TSRS LTRRESEE

EHET BEEHE,

Lir B, @%ﬁﬁ%ﬁ@%ﬁﬁmhﬁﬁ BHFHE BIFRITDIL | MEHE O BB & ZRiiR
& LreRARSEAR T PIERIEA R EITRET LIS . 4 7 < Y H ORBREBRO—H & L TRRNAR #
EML Al m. HBVRIF, £/ FORBEBOHEE L TRAKREER L i« 055 50

ZEETHD, TOIH, TITRAF, b/ F, BEUTHTYOREMREEIROVWT, KRARKEE

EEBRE LTV S,

a EBA*

1) AR

HAKBEBBED 2 ¥ (Cryptomeria japonica D.Don, ﬁ%ﬂ:ﬁo 41~045) ( b/ *
(Chamaecyparis obtusa Endl., S#HE0.564~0.55) B X U7 H <Y (Pinus densiflora Sieb.
et Zucc., SBEHE 0.49~0.53) OKROZFI6~20ca DIAF A L. KD 4 IR EH Ui,

FH 105m X 105m (LFEH)

/A 15.0cm X 105em  (OEFB)
g 105m X 45em (0vEH)
Ef# 45m X 45m (DEH)
2) EgAE

FhEhOKAE SichhXdt LA, 2T hioTkicssio k. Eé&lmkﬂ%bt 6]
KOxRB=2icLDxz v Fa—-FA v I LTEBME LI, -

EARE 3. KRENE L Y 5 — (BT OBA IR EMLTHOERATS 5, BA I3 E5E30
mDBEDS 5~ 6 BOWER T, TOWICEBMARE L. PRIcRBEERE LI, £720 BN
I3 EE50~100cn D AR T O EICHBRHM 2 BE L e, 28, RBH ORI 10cm& L,




3) EERHAR & AT A E ‘

x¥ﬁ@%ﬁu\mnﬁmemmﬁwbtors@\E/#zxv7wvvﬁeﬁﬁmwm$ns
[PIERE U 720

—EOHERIC I3 1 M 2 ~ 5 FORBH LAV, SAROR LR 18— BRSO ERAHIE L.
 BBOKTHRRBWHIC &L ) BRIEHOSKEEEH L,

100

3 8

5

Molsture content (X)

20

Fig. 63 Beavior of moisture content in SUGT - -

50

1.0

04

Drying rate (X/day)

o

—e— |5_0caXx10.5¢»
==~8-= [0.5caxl0.5cn
. T 10.5cax4, Sew

~=-®—= 4 ScaX4.5ca

Drying tiae (da})

(drying from 1973, 18 Jan.)

—e—]5.0cax10. 5¢»

~~=8---10, S5cax10. Sen

——]0.5¢coXd. 5cn

——— 4.5cnX4.5cn

[

20 40 60 80
Moisture content (X)

Fig. 64 Drying rate of Sl

2) BHERN DR .

AFL B/ FBRUTH Y D10.5mEHBHM OEBEBEETFig. 6 5 10RT. XX¥OMEIERC <
1 RICBNTHEREFR LI DO TH B, F/c, ED L X OEEEEAFig. 6 6 1SR,

ZFXOIEAME. BIRO & 5 ICTHEKELE V1o, BRI OSBRI A S { Th. Sk
6026LIF ORMAREBESE T 3 270, WAREATIZRE 50 B7KE30%E TiT 3 DICHBEEEL

TWw5,

b. ERERLER

1) A¥OHIE R

Fig.6 31z, BRIKBWT 1 BH» o8B 5Es L1
2 ¥ ORI AR %R o

CDLEDRIBRBE LT, [URIZEREREEL A
1A TRIMH2°C. RBREKRT Lic 4 A TRSHISC
T. 1A»S4 Bl TEEEENCERE LTV 2,
7o, [UBBEVEHESKREIERIZH 2 DDEHI125
%Rl 4 BICA > TETFHEWEEZRLTWS,

MRS OVIRERY A TA &, MIEBMNE < .
BHOERITOEE DI B & OIEE D M OB RS IER
ICH S« 408 TEAR0%ETEHRLTVWE, h
Xt LT, MK (RO EECER O MB LU
EEY M ORBRIIERCRBEEEL TV,

T OMERRE R 2 Fig. 6 41005, EH v+t
BIUTHOMREEAERU L5 ISEE SR,
CHiTxt LT, MEHEoAX WEAB L UIER WS
HEI/NE L, L b EAOEIEEENR /NI -
T3, -

CHROESHE L ThH. FHOBAIIHO 5
HERPBREVIHTH D, IMROEKEBLUZ
DEHEIITIIHE DEDI Th DHHDHIT N
EAICHE L TSR KY, A, eSS
DI 2EDEEEIIARE LB, /-, LBKTR
DEIKROIM DEKEHBE L 1522 12 F TG kR
;R '

CO&H I, BEAHERM CRHMBIC L 2R0E
SHLEEERICBLETREBRAXI VN, ZhllEi
U OFEEBHBKEL, AURE TS - THOMEHSK
VR EREEIINE LB,

SHUSLT, £/ %, 707y BUMISKEDIES . Ui bBIKEA0% E TORBRESAE 1
120\ M0BRITERAEIRIEL TV, £o, 74 < ¥ FAKENBLT T bEFakRITHD

__,SOAL_




TAEMB, b/ FE0WTEEREITEL. %%T&#OD%K@&?’ W=V DEHe /LD 5 %ERE

< 75,

i AN VI SRS X C 1B AT, 2 X OB UM OB DR A &

Wrch, KBEO/NE O F OREEERE SR /NS < 1o TWwa,

20
100 —
—e— 5UG)
-
—e— HINOK! —

= ~-a— AKAMATSU AT 2
_ > -1
< £
L s bt /- /J
S < =

P w OA f == —e_5UGI
Y wt £ {
< < I S S S
= F N C —e—HINOKI
s L _ﬁ(_‘“‘“_—_’ ~-4-- AKAMATSU

j . - | Ly 01 bya l
b pos o J—m poy 0 20 40 80 80
Drying tlae (day) Moisture content (%)
fig. 65 Behavior of moisture content in lumber Fig. 66 Drying rate of lumber 10.5 cm square
10.5 cm square

3) R¥DOFERNEIREE

2 F D105 FHHAEEMENCER L7 & X ORBER%EFig. 6 TI0RT, £, BRICBF 3%
BEREADE, 5 BIHBEEBRLIIBEIR 6 BOBRIC L AR B TLEIEBEEI /NSNS
25, 8 B. 1 1 HIEIESEE LB REREE bIERICKEL NS,

s

»N
[=]

Ataospheric
temperature (%)

o .

120

®
©

&

Moisture content {X)

(%)

—— Tegp, -~ E N, C.

14

M. C.

E.

- . . —a— OQutdoor

==*-- |ndoor

Jun,  Jul. Aug. Sep. Oct. Nov. Dec. Jan.. Feb. Mar. Apr.

Fig. 67 Behaviar of moisture content in SUGL lumber 10.5 cm squaz*e
and climate condition at that time (Mino)

10 5cniE A OIZRPER I, KOFIS~16mDHFHAM LEEHREBERT VLD TEH 3205,
1 BB A baks UcSa 28R %E U THIBEESE T LT 5,

Cok ST, BHROBESRHEAKCHE L TEEKRTH 2OMEO 5B 2RHB/DIE L]
BIE7KRIIEC 72 505, BB O/NE WIHERDE < 73 B 10, BIEHO/NE < 12 2 8 (3RziRs
BEb/PNEL . IHMEIEEHEFILBLETEEOREINWTI EERLTWS,

wic. TAMOBRMACE T 2REA% 45 &, 5 AICEEEMELIBAREBRL VRSB L



h, BROKENEABREREVWTEERLTVS, :

E7c. 8RN 1 1AREBRLIBERERE BEALRBEERERETRTS. 1 BICEK LS
GRENE DEREESIFFICKEL LS, IR LFHOL 5 KKEDEVESREAORIC X
DERDRESNE DL EbRE, |

BB AFEHMmORREEIC X 2 BEEAREN% & LT, TOHREAKIOES D10.5mERH
&5 WITAMOBE, BETI1 /A, HEHBLUBKTR2 7B, £ TR 3 5 FRESULE
LRBBEITH B,

L Ly 0FEOH D45 EH D BLUFH M OB REREHE LT 2 BEBE cakR0% T
THRT250EEBbh 3,

D.E )

BERSIERT ORRERE LT, m@@&brmﬁmhkdéﬁ%bb ﬁém@I%i%u
O BHAH OYIEE . B L UBIH ROKREBERIC O VTR Lich. TORELENT 2 Lk
DEBDTH B,

BRESL

(1) REARDEELLTHREL THRIKKE U THRKRIZEBEAEEHD L0, BELEL.
T O ORBEFIE UL/ S LEERTHIE, 2 ¥ TR 35 A TERIZO%ED L, a7k
IIBONTER & THART %, Ty /TR Y BTERIK0%HO L. AAEIRINY%E T
WY %,

(2)&%@%&%@%&&@%%1 ﬁﬁ@&ém3maxvemruiéma§@ 2% 547
b‘?ﬁ_o

(3)ﬁ%bbﬁ®&@ﬁméﬁﬁﬁﬁé®&%&bf\m%&%wmﬁﬂfﬁ%ﬁﬁﬁuim
D SN -1,

(4) TS Lick b, IR OEKRIIMEH ORI —RickEDT 205, DM oakRIzE
&&ezmﬁf\ﬂi%sm@ﬁﬁ@uﬁ%ﬁ$m%¥ﬁ2?é&ﬁfﬁa Z ot By
5> LM DOEKRIT, HBOEIKE L, uﬁ$®k%wﬂim®ﬁv%ﬁﬁ&mwam$%ﬁ
ER

FUAM OREEHEE ,

(1) HAIBARM ERRE L 7458, RTEOAAMIRITE A ESKRHMSZ(L LT DS, JE
LIcHAM DEKRIZETEHHCHED L, 1608 T60% TEbE 5%,

(2) BffEAAMETHEHIBICRR L /8E, TORBEE EK[EERG B ENB 120, Eﬁ
K& BZZRFETRITVG, BBESICV->TH, B K. KOJEI/NE LB,

(SDI%i%k$wé&ﬁ%nxﬁ®$D&(D)c&k%é&%ﬁﬁE(Vﬂm)ww%u -2
PR AN TE - 1o & &,

1ogvmﬁ44~m D
Lﬁf%bbéh\am$mﬁ<&%&&*D&@K%ébﬁﬂﬁgkkiﬁiﬁ@ﬁﬁ<
133,

(4)1%i%rﬁxﬁ%mﬁbtt% &ﬁ%%ku&&Lr%&%ﬁ@?@ﬁEm#mnk%
Cv Ffel EEM O EKRERGEL DS, EMBIOEBEE IR ZAALELC . B & B
KZOJEIT/NE 153,

(5)I%i%kbU%%&ﬂt@%mﬁ&%ﬁﬁgmwﬁu FREEENHTE S E

l1o08Vm;=a,—b,+* D, .
" DEBTHOLOENBLH, Xm&mk%(ﬁ%g&k&é?ﬁﬁﬁ@ﬁ?ﬁ&ﬁ%%ﬁitk
XA A
C(6) HEAADKORE & iR ORG L.




t: /ts=(d. /d.,)"
THohEN DM, EHLOETKRORVRE(LIBEMOBHLOKREC LB, F12,
%Kﬁ@#ﬁﬁgmxuémx%é&H%umﬁ$@k%é@%<i@?éo

(7) AAMOEIRIL . DHEFDEKRIE VI DIC—IEOHM & 13T, DLERHHE < AEERD
BIRBBFWETHET L. IHEOEKEBOHEMOEKE LD KL 125 LOHERDOEKRH
BbTaLHIcns, .

VY RNO)- 7). 3 .

(1) 2¥DEA, EﬂDHE&H@%®%&ﬁ§ﬁﬁﬁﬁ@$é(m%ﬁ&k%<mam ‘L
E&X DFE OHMRIINEVE EHBEEPRKEC L1000, LELH TRERS A X VWE
B OHFBUHRWNEL | BEFEEIIRELT 3,

(2) 2F, e/ FBLUT7H=YDL05mEAME L BHOEHR UL &, BKR0%ICET S
EEAMIE. AFTHIOE, £/ F, THTVTIIEMIENZ, Thid, X FIAESKSE
BENWT & &, DHHROGBFEEN/NE WD TH D, B7KRIOKD & & DHIFEE T / +.
Th=YOR1/2E185,

(3) AF10.5mEAM OFMPISIREE I3, KORIS~16mDOHFIAM EFE UL 5 KEIREE
2T £, BREBAOKGEF R, SABLIU 1 1A» BRI IBARENDIL
5AM RT3 EBROED, 1 AP oWt 3 L BAOHSEREENREL 5,

(4) 2FHHEOEEEKREBETS &L, DELEDI05amEAMB LUEAMRBET1 7 A,
BREBL UMK TR 2B, £FTRI3ITABESLETHY . LEV DL45amEH D F
N IZERNETE LT 2EREE TS5,

VI ABHESIC & BEAEIEORE

Kt ORREAR I, HEHRREEORE VWEESKEBEORBREHROIREMIKEFT ST &<
BN %ﬁ?ﬁ@ﬁﬁé@%&&@k\ﬁﬁ%ﬁ@t&@%ﬁ&@ﬂﬁxmﬁyux%ﬁﬁﬁmiU
DOEEBEEZENE LTERS DTV So

¥ oo FAREARIT & > TYAKREE LT 5 T LItk ATSBROBEEERICT 3 E, K
REBOTHBRIIIEEITKEZVL DN B,

Lie L. RRERE, S8, BEV-BHROI X VEDHITEEL TS o, Wit gh ok
SECFHIALTH, ERERICREOTH SRALS 5,

KRGS BT BRI, VE, BLUVERBLTHRANL LI IT, SREHEP. KR 38
. 350VREEBTIHECI - TE LRI T oL L b, RIFRLEEL T 5,

BRI 4 ORFIC & » TEENT 5 C L . HEEELD I TAMMIEC & > THHBER
BENLD L, BED & S CAMIE 6E< . TR bR 5 & KRR L 2 RHMOEFROE
ERTHIO FPIT K ELRE LT 5,

ZDtd, X%%&kAﬁmmia%mxTﬁﬁwﬁg%ﬁﬁi5ttéu\%ﬁ%@%ﬁﬁb&
5 & T BERIHLIL S,

Lo L. fﬁ%ﬁ&AI%ﬁ@%ﬁﬁﬁ&bt&Enwt% < ABWICML 2 BEFRREEY
ké?@bmﬂméb\%%%ﬁ@&?rﬁ%@5@@&%@%@&9&m%ﬁ%§%émbttf\
RETHZLEHEORSERH I CLPURETH D,

A ORI BERRT & L TR, BF. BEBLURRETHD. ChAKRMEROSEREFA
TWb,

A ORI 3. EREZEERE I L TRESSV i):j(% (i, BE @ﬁiﬁ%ﬁ:@%
EARIBEEA20°CERT 3 T Lic K O REBEERIEK 1 2 IclamEh e 7,

—53—




in\?@ﬁﬁkﬁ&&i&ﬁ@%@@ﬁXﬁﬁ@%k mf%b< VEREEE (BE) i
P U CRaRERE I 5,

LU, BRERREO L S KHBNCEE£RET 283 LT, BEOAMEROBA X, B
E&Lﬁéﬁ%L&k&bﬁﬂ%hﬂﬁ%?ﬁéﬁ&%ﬁmLfménw BEOREIREDO LR
KL BB ERBRICERT LI ENTE S,
‘it\?ﬁﬁﬁkk&ﬂ?@ﬁ@i@ﬂﬁ$%ﬁﬁ@kkmrﬁﬁkomrké< FUEDKE
R ERBEEIIRKE 53, it\%K%mﬁT?%kbtmonﬁmﬁ@img<m@ B Aok
PITRBEAEREOEEBNIELNBEEVDATVEY,

L#L\*ﬁ%ﬁhﬁﬁ%@ﬁ@ﬁ@ﬁ%ﬁﬁﬁ@&fﬁﬁ(\ﬁﬁ&bt&%@%ﬁté@%i
bEUESKEWREDI R B0 BEPKE T NIEHAEOnBIR IEHRah 2 T L
%, .
COXS T, RRBOREER B 70103, HREEO LR, 8L UREOKMOSHENTS 3
1, TOBETE, HEHRMERELELCTHRIOZMEFERE LT, KRR OEMS i<HH1Y
KR 5 55%. BLUBBELMAS 3 VWEIKBROFIENR. BLUZThOOEEDREICO>VTR

L N3,

A RHERIC &K BRAGEZO(RE

KREBRICE I 2B, BT S ORELMEIT 2D ICBERICASIBET TH 5, BEBG LA
DI BIEEKRE LD 7D O L ERIMEA T 2 10, BB KOH IR I —HiR D%
BRICE TS, KEQEHENDT &3,

KRBT BOT, BRHICERT 25 RRABN B RREBEORESEE LTRBLEET LY
bEMIEHETH 5,

ZD7, TETRN LS KK TRE A SLVBNARREMBH SN, ThIED OMELE Fif
TVWBESTHBHL, EHEORRERE DHENE N TV WD EORERBETIIT V., 22
T THHBLUS 7V H Sy HEROTERESICER L E OPEERT L,

BB, ZR LI EEDORAREBORDEDE R, EETCL-THRLLEEZI SN B1:H. Bl
™ & EBRH ORI B W TERHRIC £ OPHEEFE Lo, '

a. EBRHE

1)%@%%&&U¥§%@
Emmkkﬁéiﬁgﬁﬁ\mMﬁwEm@Eﬁﬁﬁﬁﬁﬁﬁg(ﬁﬁﬁﬁ%@ﬂ%ﬁﬁﬁ%)%
Rot[THy | FRTICBT 2HBHE. ERHTEROEBEKEL v 4 —BROTIETEH 5,
F o EBROERERREIR. FELUFH(D%A@IQS'(E S5H®G1968%F 1 2 BE T Thh. EEFOES
mwmﬁ7ﬂmbwn$115irtéao

) EH

HERA T, BB IBAHS B D 7 (Fagus crenata Blume : £RZHE058) &, VEED S
7 YA A 5=y (Larix dahurica Turcz. : RELHE0.56) TH 3,

#HEMOERIZ. T FHOBE. EX210cn. 187 ~10cn TE X (230mn.& 40and 72 bfﬁzéiﬁ&: L7zo
E/H 5=V HMIERE400cn. 1810~20cn THE X 1318mn & 45mD 7 S X E Ui,

3) EBAFEBLUERBORE HE

B A IE X 25mDEAZH V., #8190cn (EEFHT12180cn) EHX200mDRKE & & L1, XERT
RS L MBX TH 2 BRREOER S & ORIFEIZ. Fig. 6 8 IR & 5 12250cm & L e

T, RBRHICBT 2XBARRTII. —BOXEBT > ORI A IGERT 2 5L U -5,
Z0D L EXOKERADEE IIFig. 6 D@D & L1,

BEA U1 ZEI, B60cD 6P S o577 v C1IHPOE— S ICEFELTFig. 7 0 DFE D




BlLl, BB, FEBETFKBOVT—RBROERR T oOER A IR L& 0BT, R60md 4
WIFD 70577 vy TERHIRDLDOEH VI, '

1 Blown
Blomn [—250c __"NOT.bl g 5
™ a (Left) pof(Right)[—250m —dpot blown
; 0 g| e
210

q%’& 220¢cm
%220@

Fan Fan (Svinging)
Fig. 68 layout of piles and fan (Takayam, Mino) FIg. 69 Llayout of piles and fan (Mino)
™ . o \1\1\1’—\)
: 4 Te_s_t_ _b_o_a_ r ds
= K Fan
i, L ’ T
s : /] ' 5
b 180 cA 2200m »_.,{_41
- M
1 a = |
S s O S
N N 52 °
o~
; H ]

Fig. 70 layout of fan and test boards

4) AFEHZLHBELK _
BIKRERET 58, B10cn, TE60m& L, MAORB=RIcLY Ty Fa—F4 %
L1z ' :

HEpH 3, B A ORI EE120cn & 180en® 2 A &M LT, B LM EEIC 7 ~8 . ¥
HOfIRE%1.5m K LTRE L, (I 7~y 0F&idi EE150cm, LHD &)

KB OSKkRHOERZ. FRE LU TCEIEEEEAE L. B TRICEBM OhRE X D 1E
2cemlc & - 1-RBH D CEEETEKERE LD, ThI Y BRAEKHOSKEEREH L1,

F i, EiE L - RBEK S SRBHRETable 1 8DEH TH 3, BH. KBHHDOEE 4RI 9
B L% 5EBETE L, RROBABLIURE. KRB RER XL L,

Table 18 Test times and period

Place Species Thickness Date of beginning Date of ending Note

BUNA 30min 11 May 1967 10 Jul.1967
BUNA 30mn © 20 Jul.1967 24 Nov.1967
BUNA 30mm 4 Dec.1967 25 Apr.1968

Takayama BUNA 30mm 13 Jan.1968 9 May 1968
BUNA 30mm 25 Apr.1968 29 Aug.1968
BUNA 40mm 13 Jan.1968 9 May 1968
BUNA - L40mm 8 Jul.1968 16 Dec.1968
BUNA 30mn 14 Jul.1970 7 Oct.1970
BUNA 30mm 3 Sep.1971 15 Nov.197% 1 Fan : 2 Piles

Mino ;

KARAMATSU  45mm 12 Aug.1970 7 Oct.1970
KARAMATSU  18mm * 12 Aug.1970 T Oct.1970
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Table 13 Drying time (from green logs to M.C. 30% or N.C. 25 % )

Place Species Date of beginning Way of drying To N.C. 30% To M.C. 25%

thickness Drying time(day) Rate(%)  Drying time(day] Rate(% ) Note
25 Apr. not blown 36 100.0 us 100.0
blown 22 61.1 28 60.9
11 May ) not blowm 24 100.0 32 100.0
BUNA blowvn 19 79.2 2u 75.0
30mm 20 Jul. not blown k2 100.0 68 -100.0
blown 17 40.5 22 32.4
Takayana

13 Jan. not blown 7 100.0 130 100.0
blown 80 68.4 91 70.0
8 Jul. not blown L85 100.0 58 100.0
BUNA . blown 29 6u.u 37 63.8
Uonm 13 Jan. not blown 149 100.0 156 100.0
blown 98 65.8 125 80.1
T4 Jul. not blown 40 100.0 ug 100.0
BUNA blown o34 85.0 38 77.6
30ma’ 13 Sep. not blown 4 100.0 59 100.0

blown 28 68.3, 3 72.9 1 Fan : 2 Piles

Hino =

KARAMATSU 12 Aug. not blown 17 100.0 9 100.0
18 ' blown i 5 7.4 7 77.8
KARAMATSU 12 Aug. not blown 13 100.0 21 100.0
4Smm ) blown 10 76.9 16 76.2

Note: Moisture content in green is assuned 80 % (BUNA) and 50% (KARAMATSU) .
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Table 20 Test times and period of electric drying

Place Species Thickness Date of beginning Date of ending
Takayama BUNA : 30mm 21 Oct. 1969 19 Feb. 1970
BUNA 36mm 2 Feb. 1970 18 May 1970
Mino BUNA 30mm 8 Jan. 1971 24 Feb. 1971
BUNA 30mm 13 Jan. 1972 19 Apr. 1972
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" Table 21 Drying time of BUNA heartwood by air drying and electric drying
(from green logs to M.C. LO%¥ , M.C. 30% or M.C. 25% )

Place Thickness Date of Way o.l‘ To M.C. 4O - To M.C. 30% .To ¥.C. 25%

beginning drying Drying time Rate Drying time Rate Drying time Rate
(day) (%) (day) (%) (day) (%)

30mm 2) Oct. Air drying 76 100.0 - - = -

Electric drying 18 23.7 25 - 3y -

Takayama
36mm 2 Feb. Air drying 69 100.0 87 100.0 a7 100.0
Electric drying 19 27.5 32 36.7 u3 4.3
8 Jan. .  Air drying 18 100.0 34 100.0 u8 100.0
Electric drying 14 77.8 23 67.6 u2 87.5
Mino 30mm
13 Jan. Air drying 14 100.0 28 100.0 4o 100.0

' Electric drying 16 14.3 27 96.4 36 90.0
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Table 22 Shrinkage by electric drying (area rate)

Species Thickness Date of | Way of Shrinkage (%)
beginning drying Heartwood Sapwood
30mm 21 Oct. Air drying ©16.8 15.1
Electric drying 15.6 4.6
BUNA : -
36mm 2 Feb.  Air drying 15.8 4.5
Electric drying 15.4 13.6
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Table 23  Test period and number of test boards by solar drying

Species Test period Way of Kind of lumbers
-drying  10.5cm square U4.5cm square 2.5cm board

From 22 Jul. Air drying 8 8 8
to 10 Sep. Solar drying 8 8 8

SUGI -

: From 29 Jan. - Air drying 7 - 10 .10

to 27 Apr. Solar drying 7 10 10
From 22 Jul. Air drying 6 7. 8
to 10 Sep. Solar drying 6 7 8

BEITSUGA
From 29 Jan. Air drying 5 7 _ 8
to 27 Apr. Solar drying 5 T 8
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Table 24 Shrinkage by solar drying (Summer)

" Species Kind of Way of dryihg At the end of aif drying: . Perfectly dried
. lumbers . M.C. Shrinkage Shrinkage Shrinkage Shrinkage
’ ) (%) (wide %) (thick %) (wide %) (thick %)

10.5cm Air drying 25.3 1.2 1.0.
square -Solar drying 2u.2 1.2 1.2
SUGI 4.5ecm  Air drying 1.7 1.7 1.9 4.3 4.8
; *  square:  .Solar drying, 13.2 .24 2.4 T 4.8 5.8
Simple  Air drying 1316 < ¢ -3.8 1.8 6.1 4.2
board Solar drying 12.7 3.5 2.6 6.7 5.4
10.5c@  Air drying - 17.8 * 2.6 -2 7.3 6.2
square Solar drying . 17.0 2.8 1.7 8.6 5.6
BEITSUGA - U:5cm - Air drying .y 3.0- 2.6 12 . 6.8
square Solar drying 13.1 3.4 3.0 . 7.4 6.7
Simple Air drying 13.7 3.5 2.7 7.7 6.5
board Solar drying 12.3 ) 3.4 8.4 7.4




Table 25 Shrinkage by solar drying (Winter)

Species Kind of Way of drying At the end of air drying . Perfectly dried
lumbers ) M.C. Shrinkage Shrinkage Shrinkage Shrinkage
) . ' (%) (wide %) (thick %) (wide %) (thick.%)

10.5cm Air drying 36.8 0.6 0.5 4.3 .y
square - Solar drying 25.7 1.0 1.3 4.3 4.3
SUGT- 4.5cm  Air drying 4.9 2.7 1.8 5.7 3.7
square Solar drying 9.9 3.9 2.4 6.0 3.7
Simple  Air drying 15.3 2.2 1.6 4.9 - 3.4
board Solar drying 10.3 3.3 2.5 4.8 3.9
- 10.5cm Air drying 20.3 2.4 2.1 7.3 6.0
square Solar drying 4.2 3.0 3.8 7.3 5.6
BEITSUGA 4.Scm  Air drying  14.2 3.6 2.8 6.7 5.6
sgquare Solar drying 9.2 4.8 4.3 6.7 6.1
. Simple  Air drying  13.7 3.7 3.3 6.8 5.8

. board Solar drying - 8.4 5.0 4.0 6.8 6.3 -

HF. BLURFLORREEBRTRONGERZ, BALD bEBNOFBETFAREI>TV3S,

Chid, ZEBAROBREOH LN ESKEBEALDELIB), BRNERBOKEILBRTH 3,
KARFEARAE T B I8 2 ol ERER U 1B & 100°CTRIGI LA L B DIRRE S B & BA B
xv%%mm&m%u&&&&t%%ﬁbég&mT%T\X@ﬁﬂﬁéémmﬁgmﬁﬁﬁﬁg®
ﬁﬁﬁgmxﬁu VRERICR B EAEREBLBLITENWEA BT ENTE S,

D. RRAZZRBES ZOEFDHR
fﬁ%ﬁDKﬁfééﬁﬁﬁﬁwﬁé&ﬁvtbhA%mm%@ﬁﬁiﬂﬁmaég&umnm
BROT LB OREBRBRREORRWZRL VIMT 2 I &K 5,

A%%E%&u;orﬁﬁﬁﬂﬁﬁﬁénf\L@%@%ﬁ%@%%%ﬁnk&br%ﬁ%gﬁﬁ
< IREEEIR TV,

Ll %%ﬁ%®%ﬁﬁﬁuﬁ%ﬁﬁ&§%%@%?&tw@ﬁﬂ &5 VRRRCRYR b O
%Eﬁ(@ﬁ\ BOMEIE X UBADEERS) 04 THERICEMTH 201k LT, {BEDRD
ICER. MBI EOFREMA B EE, BHRS 5 W ITEEITENL L, —0% ) ORBES
RERREBORARCBICHE L TEES 20 HEE L 5, :

ABRRFREMR 5 Eick>T, PIAITEEBELN 1,/ 2 @RS hic i LT, ZD10ic
EREBL 2 I BNIEEDREE LTI 0I5, .

Up U, EARBSRASSIG < IS hud, A—MBE%Rd 2 20 0 HBEMs DI 3 T &, #Ho
EHEDSE | 135 72 DI HEMR Y BRICIE BT E BEORRERLIAOFIRET B0, HEDA
OERENELIETEAC I B, .

it\%%%ﬁ®k%mE%@~onkl%ﬁﬁ%®ﬁﬁm&6m\L?Ltﬁﬁ%Tnﬁﬁﬁ¥
BEMA 1 RREIBOBESATHERER L 0T BATRVWT LT3,

TOW. T TRRAVBOEEICE ZEFNRLE LT, BRIVE L BESETORREIRER
DHE. -5 L URREER (HRREEZREE) & ATHRICET 3aKR 1 %EHET 5 108ET 5
BARSEBROTEY SRFT B L ET B,




a. BRI ERHEZOEFRDE _ :
FKREB OB 51 RBIMICER T 5 T LI & » T, ERYVMOSE/KREICH 1 2 EREEHA
%(m%&&ék\%ﬁtb@&‘u&of\&%&éﬁ@%ﬁ%@uﬁﬁﬁﬁmfﬁﬁﬁmﬁﬁb
TRELIERBEIN 3,

5 LicadX AR ET 28813 %@%@ﬁ%ﬁﬁk&&%ﬁ%@ﬁﬂ%f&ém Bixo
{BHEHEODTRBEOEMIEFETH 5o

Table 2 6 (3. ERREORRYER L HFERIC L2 RREEEBEHBE L. b0TH 5, BAR
BEOTKREGRIT & AHRER T, WEREMOMHEE L TWITERIEBEMA 10 b OOLF] & EER
THy . EREREOBAIE. CThiEABOMBENE B L UZXEMOMINBEMA DTS 3
(R IBOHRZIEELTHAEN)

73 O30amkR . LoHF & S7KE0% > H25% E THET HDICETSHEICINOOEREFE LD
@T&%b\mmmkﬁmf7Hk%ﬁbt&%ﬂ%ﬁ%?%@bt&%@ﬁﬁ%ﬁ%ﬁdm<mo
TWs,

' Table 26 Cost of air drying (from M.C. BOX to M.C. 25 %)

Place Specles Date of Way of Drying -Interest Cost for Cost for electrioc Cost for Total Rate
Thickness . beginning drying time on money manegement consunption (yen) depreciation(yen) (yen)
(day)  (yen)  (yen) )
25 Apr. Not blown U6 690 368 - - 1,058 100
o Blown 28 120 224 T 868 140 1,652 156
© iiKay ° Not blom 32 480 256" - - - nE 100
BUNA Bloun 24 360 192 ) THY . 120 1,86 192
Takayama - *
30man 20 Jul. Not blown 68 1,020 554 - - 1,564 100
Blown 22 330 176 682 . 110 1,298 83
13 Jan. Mot blown 130 1,950 1,046 - ‘ - 2,990 100
Blown 91 1,365 728 2,821 uss 5,363 180
BUNA 13 Jan. Not blown 156 2,3u0 1,248 - - 3,588 100
4Oam Blown 125 1,875 1,000 - 3,875 o 625 7,375 206
BUNA 14 Jul. Not blown U9 735 392 - " - 1,127 100
30na Blown 38 570 304 1,178 190 2,242 199
Nino . - g
KARAMATSU 12 Aug.  Not blown .21: 315 168 - - 483 100
© Usma Blovn 16 210 128 496 80 gou 187

Note : Interest on money : 7 % per ysar for price of lumber; 75, 000 yen/n’ and cost rcr piling; 3,000 yen/n®,15 yen/m® per day
Cost for manegement : 3,000 yen/m* per year for roof, base end pile. 8 yen/m’” per day
Cost for electric oconsumption : Fan 1 NP 8 hra 18 yenlkwh (3.52%), 31 yen/m’ per day
Cost for instrument : Fan 50,000 yen for 7 years using (3. Sn’) 5 yen/p’ per day
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Table 27  Cost for kiln drying

Moisture content (X)

Flg. 104 Cost for drylng 1 o of beard to K.C. 1 %
" (BINA heart wood 30 mm thick)

(I.F. type, BUNA 30 mm thick, from N.C. 35 % to H.C. 10 %, 6 days,
5 times per month, 14 n' at once, 4 roons, drying 280 @’ board per month)

- Count Cost(yen) Cost

(yen/month) (yen/m®)

Note

Peraonnel expenses

Engineer 1 person 417,000 yen 417,000 5,000,000 yen/year
Boilor man 3 persons 333,333 yen 1,000,000 4,000,000 yen/yearX 3 persons=12,000,000 yen/year
Worker for piling 4 persons 10,000 yen 800,000 10,000 yen/dayX 4 persons XS times X I roops
". sub total - T 2,217,000 7,918
Direct cost 3
Electric consumption 13,440 XWh 18 yen/k¥h 242,000 1HP 6 faneX U4 rooms
Water: consunption S120 t 50 yen/t . 6,000 0.5 t/hrx 1/3 (returning 1/3 of water)
‘Bnergy consumption "9t 36,000 yen/t 324,000 0.05 t/hr, oil 6 brs at midnight
Others . 30,000 Papers ete.
Sub total 602,000 2,150
_ Cost for maintenance, . . 208,000 Cost for all instrument 50,000,000 yenXS £/year
. . - . T =2,500,000 yen/yearX 1/12=208,000 yen
Cost for depreciation 506,000 ’
. ‘Sub. total S Tt om0 2,550
Total ST R 3,533,000+ 12,618
Cost for managesment - ,, a o, LT - 353,000 1,261 10f of total cost
.. Interest for money . Lo - - 292,000 1,043 78 of cost for all instruments (per year)
TOTAL . 4,178,000 14,92 14,921 X 1/30 = 497 yen/w’ - day
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Table 28 Cost for air drying and electric drying
(BUNA heartwood, from X.C. 80 % to M.C. 40 %)

Place Thicknesas Date of Way of Drying time Interest on money Cost for manegement Cost for eleotric .Tol:al Rate

beginning drying (day) (yen) (yen) consumption (yen) (yen)
Ar drying 76 1,140 608 - 1,7u8 100
30ma 21 Oct.
Takayana Electric drying 18 270 thy 5,184 5,598 320
Air drying 69 1,035 - 552 - 1,587 100
36an 2 Feb. . .
Electric drying 19 285 152 S.472 5,509 372
Adr drying 18 270 144 - 1y 100
HYino 30mm 8 Jan. .
Electric drying b 210 . 112 2,016 2,338 565

Note : Interest on money : 7% per year about cost for lumbers; 75,000 yen/n'and cost for piling 3,000 yen/m’, 15 yen/a’ per day
Cost for manegement : 3,000 yen/n® per year for roof, base and plle, 8 yen/m’ per day
Cost for electric consumption : In Takayama, using | k¥ electric heating for 1.5 m*, 18 yen per k¥h, 288 yen/m’ per day
In Mino, using 1 kW electric heating for 1.5 w*, 18 yen per kWh, 144 yen/m® per day
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Table 29 Base for drying cost

Yay of drying Dehunidified drying 50 koku, 2 rooms Steaned drying 50 koku, 2 rooma Solar deying 50 koku, 2 rocas
(volume of wood) (38a2) (38m? ) (38z}) -
Cost for instruments
Rooo for drying 18,000,000 yen 18,000,000 yen 8,000,000 yen
Boiler 5,000,000 yen .
For depreciation 182,000 yen/month 233,000 yen/month 81,000 yen/wonth
For maintenance 36,000 yen/month- 47,000 yen/month 14,000 yen/month

Personnel expenses
For cargo working U0,000 yen/time, 2 personsX 2 day/time 40,000 yen/time, same to the left U0,000 yen/time, same to the left

For operator 90,000yen/month, 300,000 yen/month X 0.3 person 90,000 yen/month per person 60,000 yen/month for 0.2 person
Cost for (kxW/month) {k¥/nonth) (k¥/month)
Electric consunption For fan 3,000 For fan 5,800 For fan 3,180
For dehunidification 5,500(SUCI) For boiler 2,200 For circulation 0,75X% 6 fansX 2 roons
. 3,200(HINOKI) For drow and exhaust
For heating 5,800(SUCI) 0.UxX?2 fansX 2 rooms
2,900({HINOKI) Using fan for 10 hrs. per day
Fuel 0i1 (ton/month)
SUGI 7.0
HINOKT k.9

Note: Way of calculation about dehumidified and steamed drying are based on Hisada(1988).'°*
Time for depreciation ; 7 yeara remainning 15%, cost for naintenance is calculated by 2.4 $/year,
Coat for electric consumption ; 18 yen/kWh, cost for oil ; 30 yen/l .




Table 30 Cost for kiln drying and brake-even point of solar drying

Species’ Way of Extent of Drying time Honthly Cost for drying (yen/month) ' Brake-even point
drying HK.C. (%) (day) production Direct Personnel Cost for Total of solar drying
. (m¥) cost expenses instruments (day)
Dehunidified 100-35 18 63 4,100 . 2,500 3,500 10,100 46
drying(35-45C) 100-20 28 149 6,400 3,300 5,400 15,100 68
SUGT
Steamed drying 100-35 12 95 4,000 2,000 2,900 8,900 40
(60-70C) 100-20 19 60 6,200 2,600 4,600 13,400 61
Dehunidified 35-25 9 - 127 1,800 1,800 1,700 4,900 22
drying(35-U5C) 35-20 12 % - 1,800 2,000 2,300 6,100 28
HINOKI - N -
Steamed drying 35-25 T, 163 1,900 1,600 1,700 5,200 24
(45-55C) 35-20 9 127 2,400 1,800 2,200 6,400 29

Note: Way or-calculation about dehunidified and steaned drying are based on Hisada(1988).!¢s)
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Table 31 Behavior of temperatur.e in drying roon

Measuring point . )
Center Right Haximum distribution

Measuring time’ Front] Centerl] 8ehind[] Front[] Center{] BehindJ of temperature
Initiel 6 () 40.0 35.5 36.0 37.5 36.0 35.0 5.0 -
(17 hrs) A8 (TC) 5.5, 1.0 2.0 3.0 2.0 1.0 4.5
Middle & () 47.0 k2.5 42.0 4.0 43.5 40.0 7.0
(144 hrs) — A8 () 13.5 9.5 9.5 1.0 . 11.0 7.5 6.0
Final g (T) 56.5 51.5 57.0 56.5 58.0 57.5 1.5
(2u0 hrs) A8 (TC) 17.5 17.5 17.5 17.5 19.0 17.5 1.5

Note: 6 ; Dry buld temp. A 8 ; Deplation of dry and wet bulb temp.
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Table 32 Shrinkage (BUNA heartwood, 27 mm thick)

Way of Shrinkage (%)
cutting Measuring direction Woods by dehumidified drying Control
Thickness - 12.44 9.74
Edge grain Width 3.94 3.31
Thickness 10.21 : ’ 9.95
Edge grain Width 3.56 2.69
Thickness 11.87 11.19
Edge grain Width 3.69 3.00
. Thickness 5.79 5.27
Flat grain Width 8.25 8.13

Table 33 Final moisture content by dehunidified drying

Specles " Test boards Initial mean M.C. (%) Final M.C. (f)

. _Drying time
Maximum Minimun Mean Average Hour Day
BUNA heartwood 27 mm thick 13 49.9. 12.8 8.6 10.4
9.2 431 17.9
BUNA sapwood 27 mm thick 7 4.8 8.0 6.5 7.0
BUNA heartwood 27 ma thiok S 421 12.6 9.2 11.5
A 9.4 384 16.0
BUNA sapwood 27 mm thick [ 2.2 9.1 4.0 7.2
BUNA heartwood 27 mn thick 6 38.4 10.8 6.3 8.y
BUNA heart- & sapwood 27 ma thick 3 38.8 9.2 8.7 8.9 8.2 407 16.9
BUNA sapwood 27 nm thick 8 36.4 9.0 5.8 1.2
NARA heartwood 30 mm thick 15 65.5 15.1 9.1 10.3 10.3 165 31.8
NARA heartwood 30 =z thick 15 5.1 13.3 7.8 9.5 9.5 81y 33.9
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Summary

Temperature influences” the dryjng time of wood, and drying at high temperatures is
effective. Howevér, heating can be costly,' and damages wood frequently. On the other
hand, air drying works .at low temperatures and seldom-causes damage, and its costs
are lower. However, air drying also. has problems : it requires a longer time, and as
it depends on weather conditions, it may not be used uninterruptedly for lumber, and
sometimes the wood is not dried to the expected moisture content. In this research,
the author tried to determine the appropriate duration of air drying and tested several
methods of accelerating the dryjng. Also tested was the dehumidified drying equipment,
which is now widely adopted in the drying of softwood, for its characteristics and ap-
propriate use.

The second chapter describes a historical review of studies on air drying. Also ex-
plained is the method of dehumidified drying, its problems and researches on it.

The third chapter discusses the variation of green moisture content within the tree and
its seasonal change. These are believed to influence the drying time. Generally speaking,
green moisture content in logs can be considered o be ca. 200% in sugi (Japanese
cedar), ca. 150% in hinoki (Japanese cypress) and ca. 80% in buna (Japanese beech)

and nara (oak).

In the fourth chapter, in order to determine the time required to dry hardwood, the
author measured monthly drying time of non-piled boards in Takayama city, which has
a mountainous climate, and in Mino city, a locality having an inland climate, and com-
pared boards and piles in the drying time. For buna, the final moisture content after
air drying was found to be 25—40%, in Takayamaﬁ; and 20—25% in Mino city. For
buna 40 mm thick, the appropriate drying time was found to be 2 months in summer,

3 months in spring and autumn, and 5 months in winter in Takayama city.

In the fifth chapter, air drying of softwood building timber was tested and the time
of transpirational drying was surveyed for drying of log and lumber. In softwood,
green moisture content is high, and there is a remarkable d1fference in the moisture
content between sap-and heartwood. However moisture content was greatly decreased

by transpirational drying. Wood easily dried like hinoki does not require transpira-

tional drying, while for sugi, which has high moisture content in both sap-and heart-
wood, transpirational dryi_ng. is recommended, even if just for a short time. For logs,
barking shortens drying time. Barking is especially recommended when logs are to be
stocked on the ground in the factory.

In the sixth chapter, several ways of air drying were tested, and drying time and the
economical efficiency of blowing, heating -and using solar energy are described. Blow-
ing piles shortened the drying time to two-thirds of that in piles without blowing, and
slightly decreased the final moisture content because of the decrease of unequality of
moisture content on drying. Heating piles electrically speeded the drying of the center
of piles and decreased the unequality of moisture content on drying. This method was
especially useful for drying small piles. Although solar drying alone was less efficient,
it was useful when combined with blowing and heating. However, it may be too costly
when the equipment is set up in a large scale.

The seventh chapter explains the performance of dehumidified drying and its adapta-
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bility for using. Dehumidified drying with a heat pump system was an energy-efficient
method of drying though it required high heat insulation, and it was suitable for. drying
hinoki lumber because of low temperatures. In general, dehumidified drying is suitable

for drying slowly at low temperatures.

The eight chapter gives general discussion and conclusions. Hardwood requires special
air drying with artificial acceleration methods to shorten the drying time. Softwood,
however,.cannot be treated uniformly. Sugi requires transpirational drying, and lumber
should be steam dried. On the other hé_nc-f hinoki requires dehumidified drying at low
temperatures. S |




