T

AF DR S IEAM ORREZBICBIT5NEEHh &
Z OMFIZBY 5 5%

A study of Internal Cracks in Sugi (Cryptomeria Japonica D.DON)
Boxed-heart Square Timbers caused by High Temperature Drying and
Development of the Drying Method reducing the Internal Cracks
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BKE(%)

i 2 3 4 5 6 7 8 9 10
ASMAEE

F2-4K 60CHEHBIIBITBIOTA

2. 3. 2 120CHBBORBERIBITIIMBRVTARLEAKR
RRBABE6RHO 11.5cm ARMOF L IV COVTHFMLE EDEKRE
GAEH 25 HICRT, RTFA X3, 121 —26X1073DKERFBEOTH
ERLTWVWS, Zhik, ZTOBOMHEORMBAERLEZ LITLY KERFE
ISABETCTWEbDLEEIND, FICATARALIREREODEHOT &
ZRLT, BRERIREREMISARZZoTWELEEZOND, ThiX, XF4
A3RKERBBBISAVAECTCVIEZZILIKBERTALOLHEREIND, XT A
A 3MNEIEFFIRISHOERICLY, ABFLORBREREZ VLT VVIREBIZH S
bDLEZDODND, H 26 X, #mBHKE 81 RENOY A DITIIERNEE
hWBBEBELTWE, AFA4X1H8+2.0X10783 ODREREMOTHERL, R
FAR3ZIE—2.0X1078 ORERFBOTAHTHD, AMENDOD-TERT A
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VI H107Y)

VFA(107)

A NAFEIE—2.0X1078 X W RERFIBOTH ThHo L LRI H, ZOMIE
CHRISAPERLZZ LIV ARENIELELEZbDOLEZLNRD,
TNVC, DOERRDOEMOTHENBOFIBEVTHEDOHXTER £4.0X10 3
PDAFBENOREOEARDB D~ bDEEZLNDS, E-T, NBENZM
BT DI 3BEDK 20~30mmBOBBEANKELL 2RV E Y ITHIMET
DIERRA L PTHDBENVZ D,

T2 4% BRA 4 56 5 AN

I EKIE29.7%

2.0 120 —
1.5 110 e T L i S semsssnsnee - P .
o 100 |-

P | N U —
05

80
0.0 g 70
-05 60
-1.0 50
-15 40
-2.0 30
-25 e
-30 .

! : : @ 2 6_ L 8= LU 1 2 3 4 5 6 7 8 9 10 11 12 13
AFGLAEF ASAREE
(o1 C)

B2-5K HERRAKBEGEHEICBIZOTASMEEKELST

B iRBAMA 8105

120
110
100

BKE(%)

: _Jljj |-L|+. ------- - _---1--:1?*7!

1 2 3 4 5 6 7 8 9 10 11 12 13 1 12 13
A1 AES 174Z§%

(v 71D)

2 6H HIRPIME 81 BMICE T 50 F RN L B AR
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2. 8.8 BARELMBOE=FY VIIZLDANBENIHEZIREOR D

FEEBRERCBIZHEKOTHAORIEICELY, SEBEMEDFIEROT LM
REKBRDEAWMBINBRBRELLTWVWILRRR I, ZThEBEEXLT, N
HWENEZHHT 25 EEZ, EMOATOFKRBLHEEHA T2 LITL - T,
FRAMONMEE FRAL T, ERHEEEZHAT I LE2RATL, 22T, BFAE
BRERICEIEMEZTFRT S0, HEIRBRBOFRIAVD, NHE
NEMAIT 2, P BEIRMICEBREELBILT, OEITITLD
BIRIEAPRELSROBRVWESKHIHT2I2LERNDD, F1ELD, EREE
120CH M Z B LTEREBEES TT R LPEERBERSBELRELE
Abhd, £oT, EREEZTITAZILRRIVEREELZEKTERSZ N
TR LB X GREEOHBIC LV ITo .,

RBRFIEX, RRPTOEMAMCSAKEHEFLRAESE ML LT, k&
DIBRKHEETIH 26mm OERISICEDRLEREREEZE=X) 7T 5,
LD =T P LR ZH, FLAEORBREBLEAEENR YV EKRBOREZ T
=Z V735 (F2-7TH),

R

Bl o il FR
HEtE2Y— HEt2 Y-
//ff“+1mt
///wm N N
| I’//f/;; \ \
k | '.\'-_J) } ,i
N 35%
\ <l //
il &K E B EkE
Y- oY —

21K Y-y A TAE

-20-



EXRRLEMBEZE=FI VLT, AXEHEZERL-BEE2E 28K
Y

NRE N O GFEZ, EHOEEK 2.6cm O HEE DOHMIED 100C % & 2
T, BAKREDN IBPITEL LRI, LKIEE 120025 1I0CUTIRTF TR
BEELEBSTHILICEY, BRCEAMMHEEZHELSTE, ZhiXy, N
HENOERL 233 BIEHEBRIM L TCABENZHIB TSI ERTREE RS,

L]
w5 B $3%
T3 BRI F2HBRIE BIE
140 140
120 hsssae 120
:{)\ 80 F-l--Nare EBR; . 8o §
e i
- BN A ISR [T
- HbiBEkE 40
40 ....................................................................................................... 40
MM EkE
0 | | | | | O
0 20 40 60 80 100 120
B (H)
NRBES SO

H2-8K FARRLMEOE=FV 75N HEMGIEESE
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HREORR (F2-9R), F1EEOERI LEKRLTHEHLOREAERI
NBENEORDER L EREMOEMCHENIBRD N,

HMREORR :
HARRER 102 R

M EH &K= 81.1%
HRTEHEKR 13.7%

WNER & L o F 4 =
2L 53.0%
N 27.0%
H 13.0%
K 7.0%

F2-9K WHAHALMHBECLDIERE OB ®E
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2. 4 ER

FEERTORAXEMZHBEANALPLOBRYH LT, ZRBBRBTZ2HEKOT
HEPELI,

HRFRBOKRER, ERIEE 120C00FBERMOOCT R, HE»DOHEE
K 1lem DA FKRER 10% b7 THRISADPDLEME AN ~DBEERIHBEY,
RS 2em BOWMEPETT D5, TORRKTBWT, MEFLORBEIZEZ L
BRVWREBIZRZ2EEZOND, 230 T, M 2emBOEKENR 20%IC2D L,
FB Iem RECE U TRBREMSCHCRY, MEFLWIRZR2CEZ LR A
LHZLHREABOTHOBPE L VEFR N,

NEBFNOREZIUTOLIREIOND . KRB D NE ~IEKRGLENE S,
11.5cm AEM TIX, ME» SO DOEESH 2cm 220 3ecm DEBRWNM LD 5, Z
DEEATRE lem DBIEXEMSIRBCRYVBECERIIZETLTINS, 230
T, WBRPEHLNBCRBITIERSTAORMAERT D LRBICEMIE NI
KT 2, T72bb, NBEIIX, HBZIIZNEBOERFRMONMELE, K&i
EMOTHNPOREINDI RIS Ty PEREREBORERIZ L o T3 RIES
BHERTDHZIEICEY, IBEIRBETDILOLEZONRD, Lo T, NH
FHEH T2, ME»PLODOES 2em 20 3ecm DERNMEEZ LD D Z
SCHBREEZET S ENMOETE2HBATILERNDHD LEZX D, DTN,
IHHODHMRITEY, AMEN MBI T2 BBHEEZRARI,

HEHOK 2.6cmBECEREHOWFLHROHPMCAESZEDAL, &
BREBEE=FY 7 LT, BERMAEZEREFCIIHRBEFRA ML LE
NEBENZME T 2B EERM Lz, TOBRE, ABELOERICED
REBRGFETHH Z LBEIE Ik 181426),
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HI3IE AXEABEMOGEEGEERICBIT2HNEE N & N
O A & OB R

3. 1 ##

MEBELBWT, EREEANLLY LV TIARERVHBLT, BROTAZAEL
T DR AERRICBITA2EMONBENEHETIZEATETHY,
BEERCBIIEREROATENOECBAROBMELMET I LN TE
o BT, AHBNEIH T A0, ERPFPOMANBICBITIEBRIEN
ZHFPOBEIC, LIALERMICHEEL CHE T2 LBALETHS, Hil
HRTOANMENIT, ERCRIBERIFMONMEE, FIA Ty bEhi
EBOWMEIZXDFIRIEHNICL - TRIBEZEZOND N 1D, HRBOOTH
ZBLAMENLOBECOWTHA ISRV, 22T, AHFETHEH
BERTOAXLEDLEAMOMNIMOSE L ERHICHA TS FERE LT,
ABREARICOT RS —VERBLE, OFT AR V2 AXLBELEAEEE
DHANSMICEDRASL, BRLZREBERTONBOTALLZEKEL CEHAIL, LHREE
KBREhZABEN L OBBEZOVWTRNT S,

3. 2 MEBIVOERRGE
3. 2. 1 UOTHAEHMERMN
RMBEROWAREAXFLBELDEAMERREL L THWVWE, 1 BEOER
IXWTE ~F¥E 13.2cm X 13.2em, & 300cm O EEEI D M 1 KEHEHEM L L
T EMOPRELSLOHME 120em OMERBR L COT LB EARABRE L Lz,
AREOTMMUEZOW L2 A0 b EMIBIT LV AEMEKRBILB% THo ., &
BREENITITMOEM 52 REEHEA LT, BEANOF RO L EHR
BEZEZLANTERLE (B 3 -1 K), £/, 2 BHOWETE 11.5cm X
11.5cm, # & 300cm DEHFE D 1 KOFEHITOVTH, RAKOEREZIT- 2,
AMEKRERIT 8% THole, MBBNICIRMOEM 57 X2FEHALT, 1 H
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BLRAKICEREZT 7, RBRBIIHEMLS IF BRI LBEE (remmn
SK-IF10LHP) % M\ 7z,

|

8l
EER
EEQD

»

EFED
EREL:
EEED

a7
L
|
BE

#3-1 HBRBEABRARRKRR (HFERMHER SK-IF1I0LHP)

3. 2. 2 UVTHOHHAFE
OFHBERRREOARADND 30cm OMANED 4 » ICOTHLF—T i
DRAVEHE3-2RCRT L CERAM BB RS ARO 1,/4 12475 E T,
BRIFAOOTHAPHA TEL LI 4 XDV THRLF—T a, b, ¢, d 2FH
Tty L, OFTHT—VERETIFIEIR, FRAEPRIVED 45 &
WKFYINAVT 2.6mm OEDALALEZBEOMNAFIRCIMTITCEBEBESERL (B3
3K WIZHEHDALRADOOT LY -V (MBEEE, KFG-3-120-C20-11) %
LiCHEA (B3-4, 5H) L, F—UBRAOPRIZLSB LS5y FLY—F
MEHLCTBEREL, LOAOL O —VEHERI RS OBEEERGEME
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¥R EP-34B) 2 M A K EA L THRERS Lz, UBEREMEHY — FRICE
ftL, MAYV—FREZ 17—V 3RETT—Ful— (KREAHFR,THS-1100)
CHEREL, ERTOOTHEHBLE (F3-6K),

BB, ARICAVEOTAS—VOERBEFHAIZ 55T DL 150CTH 5,
F—URIXT 20C2EHEL L TE1.8X10/CUNZHRET S ACREME
BMyr—-—vThy, BEMEGAIT 10CH»D5 100CTH2, EALOMERED
fER, £1.8X10"/COLTRIBELZ 100%WET 2ECHEMED LRIX
15CTH o AEROAMERFZICK T 2HATOMARTFIEEIIX 107C T
HYV,LPbEBBRICZIITS 100CULELOMRNEBEOE/ITNEWVW ST,
AKEROOTAHAT —ZIERFHPENEFMCTEI2HEARNTH D EHBTE D,

HLBRR TR, MERK 0CTBVWTEEBA~HL T, OFTHS— UEHAIK
OEWEZ, BHESMICREICHER Lz, SI%E, £0FTAHAS—VUMRIRBT
ZRNMENEBEL, HABOHEBEEZHRE LLob, RBICHABLEZDTH
EOBEBRERT L,

¥/, WBREBRBOE=FY 7L LT, RREOCVTALAHBA»PLEIFM
10cm HEN TN BICERERNRXNSARHOMF LABGZEHIAL, FARL
MR % &3 U 72 18,14,26),

BB, VTR —VERAVWEHAERZ, 2T, OFTAHF—VolEER
L, TOREIPOWETHIE, EQEEZFROTHEL, TORILLIMHET
hiZ, APEEZEMOTHAELRERCEIIMOT AL ERT B,
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#F3-2K

Drill hole

RBREMBFECRBITZ0TALS—VORY 1TE
a,b,candd: OFT HF—,
AF—TF—IF N B: WHHRY — F#R

C: #EEA, D W= —b.
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% 3-3 RITEFREIVAD 45 FIZ RY AT 2.5mm OE DAL & Bk
DORAEFPRICHEITTCERER IR

=34 HOALRAOONTHAS - GEfEEXR KFG-3-120-C20-11)
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FH3 5K HF—IUVRILoFRIZLBZES2ICEYy PLYV—FBEEHLTEBER
Bo, AoADLLF—VEHERAZRXF VHBEEA(GEMEE
B EP-34B)Z HB L E&EICEA L THREBE LT,

# 36K VOTAST—VEEHDAAVERREZMOBHBMHOPITELA
NI —FRET—Fe T CERLTERTOOTHEERL T
Gl
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3.3 WRLER

3. 3.1 BRI YVa—n

AEfTo e BIBRER T, 9, 96CTHAL, TO%, XEFLIMHE 2B
& LT, BERIEE 120C, BEREE 90°CT 20 M LR L, KX, N
MENORLEZIH T 2720I1C, ERIBEZ 108CHhH 105C~L BEREHMITT
o, EEBHEEZEE 25CE Lz, 18.2cm AOREM L 11.5cm A DM % &k
L EOHBAT Va—NEZhZhE 3 -7, 8KICFAT, 13.2cm A
DEBITBWTIE, RE®R, BREE 120CT 24 REEBIREOHL,
11.5cm AEMICRB W T, 22 BB & Lk, ZORBBIKBVWT, BREROE
=ZYV TS LT, EE”PHN28cmDEESICEY ML EKREHIZ30%UT,
BEXIEIN 103 CERLTEY, MEMRFIAUT L 2o T 181420, Z DK
BT, RBIEIEMEANCEL WS LHEESH, EHORBEIX, FhEELS
DR, EBREhATWE 129, 20%1%, BENICEREEZ T,
13.2cm A TIIEBBAEZRA 180 BFfH, 11.5cm ARM T 130 HHE THE
KRBFHIZTEESKED I5%BICELEOTHBREPERT I, BBREKTHE, OF
HHBWMELS DOF A ERBRLT, 2HEBICLIVEKBEZEHNL &,

13.2cm AR X 10%, 11.5cm AREMIT 16%ThHh o7,
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Temperature(°C)

80

70
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130 |

120

110

100

Temperature(°C)
~J [o2] [{=]
= b= S

[=23
o

Dry bulb temperature(°C)

= = = Wet bulb temperature(°C)

- - - ‘ _— — —
L 3
'
a - N e e
20 40 60 80 100 120 140 160 180
Drying time(h)
FI3-TR AFX 132cm ARMOEBRA SV a2—1
Dry bulb temperature (°C)
= = = Wet bulb temperature(°C)
\
A L ——
A
- -y — —
~ T T s s i s s s E e -
20 40 60 80 100 120
Drying time(h)

3-8 AX 11.5ecm AREMOEBA Xy P x— L
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3. 3. 2 132cm AFEMOER

13.2cm AREM OBBRFICBIT 2RNBOTHORMELEE 3-9 KITTRT, #
ESNle 4 @BFOVWTHh S, EERBKENY 30 FEETIX, EDJIROT A%
BRI L7z, BlROT AT 18 KRB TY—2%7RL, £0#%, AL, A0D
BE~ERoTWole, ZhiX, BEHBENOEREL SHHIToZ LTk DB
RSN BORRIED LRFIIY, ERIFAVPEELZZECILEZ2bDEE
Zbhd 28, HBHBEN 20FHEI»OE2TOS—JEEHEMERLTEY,
IORRICBWT, £/ —UMNETRR, ERCII2NENEE-TE I LE
ARLTWD, Zhik, WAHOERLFMORME R4 Ty hENWERE
DHRIZEDFIRENBRITTVDILEZON D HEREFAKBEN 30 R LK,
=V 1dDHMR, RERWMEERLHBEDZ, X, OFTHS— Y 1dMHEI
BWT, AMEIRABEAELT, NBEDOIRE A0 —HMAKIhEZILIZLD
bOLEREIND 27, DTV THBRBEBEEN 80 RHELIE, 7 — lc 23, IUHE
MRELRoTWD, BREKEN 120 BEIZBWT, 77— 1b 2, MO
ETEZRT, Zhob, 5IRRADOERICELY, AFBELEBELEZ LITE
BLOLEXBND, &5 — DI FEEINL O R A HHE S S 1L B B IC 38 1
T, REORKPERETETRVE. BRERICBWTRET 2 NE LI,
HBRICLDINME, FIAV Ty VERNERBOMERIZLABIEISHICE -
THERZIINDLEBZONDD, BhoRAEZIY, WNE OEERINMESEST
THRZ EBRINTLEWVWR D,

—F, EERENI, F— la ik, BBRNEE RS Aok, F—¥
laftT BBV THEENLREE Lok bDEILOND,
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4 ' - . H H ' 30
0 25
-2
- 20
T .
= 15
© -8
=)
N 10
10
-12
14 g
-16
-18 " 0

0 20 40 60 80 100 120 140 160 180
Drying time(h)

%3-9 AX 13.2cm ARMOMEBEHICBIT2EBEFTOOTHEL

Moisture content(%)

A=V la, Ot F=T b, O -V le, @S-V 1d

— AKE
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13.2cm BOEBRBIC T — VA EZOW L2 BlEORELZ S 3-10 KiTH
To = b, ¢, dfFEIE, BWEROFEIBO O, —F, BRERNHEG
FTHERISBEPORT =Y la OEFZIIANBENLTBDOOh o7z, ULk
DRERIT, B3 -IKZBITLI2NBOTHLORMEDOHERL I<HIELTWDS
Wz b, REEINIE, WThd, PORBRAOKKE O ARMIICEEL

TW,

% 3-10 RAH 13.2cm AEM OBRBEZRICEIW L2 R E OB &
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Strain(107%)

NBEHNIFIRIEHDOERICEIVEETIbOLEZON, EF—VIIBW
THARENOEERARBIIBT IO THLOERLBREFEMCMEL 2, F—
VIdEESINREFT LI, BRICLIANMEIETTI2EHEBIIBWT, &
BB ERA 31 RAICHMEECKTHEMEZRL TS, Thik, ZOKRRIK
BWT, V=¥ 1d EZRIEABERLZILITED, UHEOETHMZ
bhlebnDeELOND, 23T, BEEHK 32 BEICIHMAIREL 2o
TW53, ZHix, 31 RE%ZOBIREHOHKRICE Y, 32 HEAMBICATE N
PEEL,BIRIGEAPL —MEAKIN, R RES RoT2bDLEEZ LN D,

O I S R R ;
30 31 32 33 34

Drying time(h)

% 3-11 F—Y 1d 00T HEA
T :WMEOTHOEITHEDKT
C: AEEIhD3RAE
S ¢ INHEDHE K
""""" s B ) AR
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= 1c X BBEABIVSOBHIIEVY T, WKEOTAOEKERLNEE
NOFBERPEESIND, F3-12K, F—V 1c i THLBHAKEN 80 KHIZH
WTHENCBIRU~DOOTHEAE, T CENNEFEARICNMERIETL T
5, —F, BEOS— T 1b i3I IEHEE% 81 FFHICEI R ~DE(LER, MO
kM EZ R L TWD, Zhbix, Y=Y 1b &5 — 1c ® 81 FHEUBEDOIX
MOTHOEADEVEHONMIRLTWS, Zhik, ¥—¥ 1cit 80 R
NMENORENHESL, RERJIBISHEZ T L Z LR NHEITETL,
BEEDOS— Y 1b X 81 KM UBIZI RIS APHEARL TE 2l L TIRM AL
TbDLEEZOBND,

Strain(107%)

78 79 80 81 82 83 84
Drying time(h)

% 3-12 B 1e 2 F—V1b0UOTHENEDBIE
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F— 1b ik, 81 REUK, BIRIGEANEZT 2R o HBIEIETLTND
EHEIND, F 313K, F'— Y 1b iTHBEBHBEEN 114 BFHICREOH KL
RLTWDS, BEEDS — Y 1la i3 115 BRE U W TH A 25 R ~0 T
THERERLTWVWS, Zhid, ¥— 1b ® 114 B O RNHEI I I & 5 U
OERIZEY, BEOCSF -V la HEOSRIEABPKRELRY, REOTHOD
EITBPETLEZELEEZRLTWVWEHDEELD,

Strain(107%)

| | i ; i : ; ; -
110 112 114 116 118 120 122 124 126 128 130

Drying time(h)

313K F—TY 1o ¢ F—Y 1a0UOTHEILE OBEK

Ihbix, =9 le, 1b OIMOMRTRENSIAMENBIHEELLZ L
XD, BB —VUMNERSIRINIEERLTVWEIbDEEZ S, 2L,
EROERLGTAOZTF —VMHIEREI RSN RAOERRMETSZ Licky, 5
WIGHBERL, ARENDRRBELRLTWVWREICR2bDLEZON D,

.37-



3. 3.3 1l.5cm ARKEM OEE

11.50m M O BB I3 5 NB 0P HOBMELEH 314 FIc 7T,
BESN4dBHROVFR S, 13.20m ARMOBE L AL, GREKE, Eo
BIROTHE B L, BREBES 30 BIICENT, F— 2b R, Al
KEREBMOOFHEMET LIDE, 530 THBEBEN 60 IS
WTH =Y 2a 2, HEBABEN IO FHEAICBWTS —Y 2d 23, RAKRICKER
WHEER L, chbb, SIBEAOMAICED, ARERANELE LD L%
FFbDLELLNS, F— 20 REBEEEN 56 MO EOT 5O L —
I BBWITEMACERLT, H5REMBEO 61 RFMICHRL I,

40

35

25

Strain(10-2)

20

Moisture content(%)

-5 f i i : o PSRRI -

-6 i | ; : i : 10
0 20 40 60 80 100 120

Drying time(h)

#8314 AF 1l.6cm AREM OB EICE T 5HBEHF OOF LEAL
A =P 2, -1 F—U 2, O F—Y 2, 04—V 2d

- BKE
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11.5cm AEM OEBRBICOT LS — VAR Z 008 L2 MlTE o RE L H
3-16 MIZFT, ECOOTHT—UEFBIIHARENLEB DO, H 3-10 K
BLOE I HOBMBMEICRO b AMENIE, /=¥ 2eFHEIFRLRPT L
FVZH20R< E,LELEAMBBIEORBIEVIFARMNEIZIEWVT,
MARICEEL TV ZLICHEBR RN, ZOMMITKRE RGBS 3
ELTWEEZEZDND ,F— V¥ 2c RFAIBICABE LB DO ON D, ZHIT,
NEENICED =V 2e MM LIERRLEB LN D,

% 3-15 AX 11.5cm AHEM O @ EZICEE L72RBRE OB &
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13.2cm AHEEM ERRIC, NEBE L OHEERERBICEITLIZOTAST VD
OTFHELBREFHMICHRIFT S,

B3IRERTLIC, F~V2b IEQORBIZHH2FHANICABHLNRD
bbb, MERBERKN 20 FFEATICARN (EMR) ~0E{LERLT, # 29.5
REOLEUFIRMA~BRL TS, HEMKBEN 30 FEICARMN~BITH
RLTWSD., Zhix, ZEFEHBEN 29 REARMITAMN~OOTAHAELPEY X
NH5ZeEnD, TORRPOLIREABRES Lo EEZ 20N, 29.5 KRHEI
F—V2b OFHPBRECATE R AELLZ LIk, —KHIZ, ¥—Y 2b
HEPHELEZEEZRLTVWEbOLEZILND, DWW TEHERHEP 30
RRIICABENC XI5 RENOEBKCEIVREOTABIERLEZbDLE X
LD,

Strain(107%)

24 25 26 27 28 29 30 31 32

Drying time(h)

% 3-16 X F—3T 2b OOT HE
C:NEEhDHE
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RO X5, F—V 2a M EIXERBEHEN ORHICARENIREEL £
EHEINTE, FI1TRICART IO, BRBBEZENSIBRACAN~DOETT
WL LEIRA~DOTHEERL, K 53REMMNDL 56 FFHE TREREM
~OEELTWVWS, ZHIXSLHEAM»OBIRBEANHERL, 53RAICT -
20 DAMMIZAFTENLRELZZ LITEY, " BRUIKHBELEZ LE2TET 5,
BB ERN 56 RRMCARN~REARELLZTL TS, ZhiF, TORRK
BWTHARRR LZ2Z XD, SIREAPLOBRBICEIVAM~ERLED
nEEZLND,

0.70

0.65

0.60

strain(107%)

0.55

050 ; , ! ; _ | _ .
48 50 52 54 56 58 60

Drying time(h)

EIITR F—Y 2a DOT AL
T : BRAlOETOMAL
C:NEENh DR
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Rk, BEEO S — ¥ 24 TRBHBEN 60 M RAMOOTHIEEA &
had (58 3-18K). ZThid, mEHEKZK 56 RIS —¥ 2a T ED MO
RTCREhD2AMENICLY, BEOSF—V 2d HENFIREhZ LD LEZ
60

0.8

Strain(107%)

50 52 54 56 58 60 62 64 66 68
Drying time(h)

318K C: 4 —2a0HTBEN
T: 77—V 2d 03 EAMDOOTHEA]
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=Y 2d TEBEREZH STRHREICRBEEESDETE2 TR LTS, ZORK
WBWTBIRIGEABRELS RV EFTI N IO b L EMTE, LHRMAKBE
MBS RFRIICHEEN P RAE LI LEZRLTWVWE DL E XS (H 3-19K),

0.1

Strain(10™%)

86 87 88 89 90
Drying time(h)

E31IK F—Y2d 00T HEL
T : NHEEREDOKT
C:NEHEhDORKAE
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HEBRCELOINMERICRENT, NHMEARREET IANICEI E N RMEOT
HOETOBERTIE, BIESAOHERIZEIVINHOETHEMA O Z L ICEK
T5b0LEBZOND, DRLDEARMOBRERIIBNT, IBFhORAE
X, BREKAE 30 METEREIRERAELTWAAIBENRINEDR, Zhix, &
BENZMETIIEDOHILRERR IV a—VORRICBWTEDD TEE
REMRTH D,

3. 4 EH
AXLDHLEAETHIMOBTRELBRBRTOMNBOOTHEERL

TRHAL, NEFINEOBERICOVWTRF LE, RBOFTLOHAIIX, ES
120cm O 2 KDOHEMRREOARDO D 30cm DNBIZCOT A —V2HEHDIAA

T2, MRIEIUTOLICERKTE S,

(1) BEERCBITI2RNBH AL, DRFDLEAMBREEORBICE VX ARA

HIZRBWT, BFRICHEEL =2,
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Summary

For use as a constructional material as pillars, etc., wood must be dried to
reduce its moisture content to a certain level to prevent deformation or
cracking on shrinkage. In particular constructional wood recently tends to
be supplied in pre-worked form, and dried wood with higher dimensional
stability and less susceptibility to cracking has been demanded.

Recently, the high temperature drying method has become popular for
drying sugi(Cryptomeria japonica D.DON) boxed-heart square timbers as
pillars in a short time while suppressing surface checks. However, it is well
known that internal cracks in sugi boxed-heart square timbers often occur
during high temperature drying above 100°C. This has led to a keen demand
for developing a drying technique which restrains internal cracks. In this
thesis, I studied on internal cracks in sugi boxed-heart square timbers
caused by high temperature drying and development of the drying method
reducing the internal cracks.

The results obtained are as follows:

1. Preliminary test to study internal cracks of high temperature drying.

The wood drying method comprising sugi boxed-heart square timbers by
initial steaming at 95°C for 8hours followed by drying at a dry bulb
temperature of 120°C and a wet bulb temperature of 90°C for 72 hours has
been proposed as a technique for achieving drying in a short time while
suppressing cracking on the surface. We experimented on high temperature
drying of sugi 11.5cm boxed- heart square timbers length 300cm.

Test.1 did the schedule same as above drying. Internal cracks were

observed on the cross section in all pieces, but few surface checks. For study

-67-



to reduce internal cracks were scheduled after initial steaming for high
temperature drying as follows.

Test.2 was scheduled by drying at a dry bulb temperature 120°%C for
87hours, then 110°C for 54hours. Internal cracks decreased to 17.5%.

Test.3 was scheduled by drying at a dry bulb temperature 120°C for
18hours,then 107°C for 54hours. Internal cracks decreased to 58.1%.
Internal cracks decreased as shorter 120°C drying time. However, the ratio
of extreme internal cracks were not much difference between test.2 and
test.3. This may be other factor what have without reference to 120°C

continual drying time on high temperature drying.

2 . Relationship between internal cracks and strains measured by slice
method

Strains figured as follows. Strains measured length before slice and
after slice to even each 8.8mm of 13pieces on the cross section in 11.5¢m
boxed-heart square timbers which took out the samples from kiln dryer
during high temperature drying.

The shell(the layer of wood near the surface) reversed to compression
strains from tension strain during 16hours to 24hours drying at a dry bulb
120°C. The moisture contents were 10% at this time.

After drying at a dry bulb 120°C, the middle of layer 2.6cm depth from
surface of 11.5cm square became steep tension strain, and the shell also
became steep compression strain.

This means tension stress was developing at a dry bulb 108°C, 60hours
after beginning. After the drying completed, internal cracks appeared at
this middle of layer 2.6cm zone showed steep tension strains. Moisture

content was below 15% at the part of the layer.
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So, we tried not to develop tension stresses of 2.6cm layer by monitoring
moisture contents and temperature inside the wood during high
temperature drying. This monitoring method is to control temperature in
kiln chamber for restraint of internal cracks cause in the part of the wood

from severe tension stresses. Thus, could restrain internal cracks.

3. Relationships between internal cracks and shrink strains during high temperature
drying.

Interior strains in sugi (Cryptomeria japonica D.DON) boxed-heart
square timbers were measured by using strain gauges during high
temperature drying above 100°C. We studied relationships between internal
cracks and strains during high temperature drying of two specimens with
the length of 120cm. Results obtained were as follows.

1) Internal cracks occur radially at each corner of the square cross section of
the timbers.

2) The steep increase of the internal shrinkages may be attributed to the
liberation from the tensile stress owing to the outbreak of the cracks.

3) It is surmised that the first internal crack can occur within about 30
hours after the beginning of the high temperature drying, and after that

internal cracks may occur at the other corners of the square cross section.

4. The restraint of internal cracks during high temperature drying

We tried to catch the outbreak of the cracks by monitoring the strain
variations using strain gauges during high temperature drying. It was
very hard to catch the strain variation when internal cracks happened at
that time during high temperature drying. So, we tried watching as the

strain variation per hour. This strain variation per hour figured as
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follows.

S=8t+1—-8t

S=Strain variation per hour. S ¢ =time , St +I=time after one hour

The results obtained are summarized as follows :

1) Internal cracks occurred at greater than the shrink strain variation
—3.0X 107 ¢/h.
2 Internal cracks were observed close to the point where the strain
variation per hour showed the largest values.

3) It is possible to restrain the internal cracks by control of the strain

within the shrink strain variation— 3.0X 10 4/h.

5. The restrain method of the internal cracks during high temperature
drying
We controlled the strain not to cross the shrink strain variation — 3.0
X 10™ 4/h by monitoring of the strain variation per hour.
The strain variation can be controlled by varying the dry bulb
temperature during high temperature drying, and thus internal cracks

could be effectively prevented.
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