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EEREHL, KEWHIIIPREBRCHENLETIRZhAb D, BEDOX K V=Y DERK
CREARMERD S, L2, oLk REHROBKRASL 1LELRELBEALT, &
BEOEERLVORERFEYEY LT hiEbihneE2 5%, Zokdiriy, hi
CRIBEACHER IR EERRKCOWTOEE EHBEET BRI MNETH B,

S ENTALEEE R F B HM B S NI B RO 5~ Y, PP YRIVFav ey T
2D IBEEMEORNEE L, ThbixvThd 198l E£0RAR X 5 HERE ILBRE
ROFPLEALLDTH B, ZOMWHTIE, ThETRKFREChR -0 %L, £E
B owCERCHEATE A HYRER V2w, 1HHOERERE LTEKOS
BLigv BB LEEL TS,

IOMRETRICYULD, RGBT LSRNt R ERE A RS
W UDEBE DK, KOV Y AMMIEHEERAL LTEERIC I ORELE
O, EBOUER XOEREY TR - AHBE, HEBORBCKH LEMOBER TS, ¥,
COWROBASS EE T » T ¥ 41k, W58 EE AR MR EEHE 1) [FHHK
DEBRMRE EHEREROBELFIFACE T HE (REE RABAMKFEAEHE)
WRSHE TRMOSEMBEO S ORMHERM PR FRELGHEBREHE) oFo [E
RO NFHHERM AL O—BTH 5,

2. ¥ ®

e E R B MM B MO R E R OB 56 4 12 A2SB 5745 B0 i ¥
ER LI, 8BS L OERBOBBIZSEDL BV TH S,

NSV 139 HRBED REEMR KA B 2~3 IR REMH & LTI Lo 3.01ha g
MS5EBAcz—ry rve 1Lllha, »5<Y 190 ha L, MBI —FEE, —FkED
BEFBT, BELTH b, KILWECEL T3, BRE4ERTN Y L, 104
9H, BLESARIVBET Qg Lk Tiobhls, BM29E0 15 55RO%HE
1H 5=V 54K, 0483 m3 = —nr y by 104, 0414md O FEORBIIC L BREY 5=
804, 6.329m?, =—w b ve 4K, 1.258md 524EKCH 5~ 3864, 58490 m?, = —
By o3 by e 203K, 33.300 m*fE{R, S6FEDOBBICIAEEILY T~y KOLARECR,
39274, 16644 m® i L, FHMWEER 26 cm, B 17m, #150.425m3 ¢, ha Y4 b 204 &,
86.96m® CThd, ZOFNLEALHERAKRE UTHEATL,

METY 122 KBEOREBKEBR S~ FCARKREM E UTRE Lo 226 haic
PBMS5ES5 At b F=> 197ha, = —w» y b7 002ha, »35 -~ 027haffh, WKL
77 = REARRIUB L ZIER U Ch B, MR 6 EREETM D L #ifH, B 104, 184,
254, 284F, MM EREY D LRk, BM56 EDBRFEERD I F< i 1,371 &, 260.08 m?
T, FHBWSER18cm, #E14m, 7 0.1897m3 ha M4 b 696 A&, 132md ChH5, D
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oS KEHAKRE LTEAL,

FavkrTav: 315 KO RERKYEM 12 £E 1 2 4% Lo 0.72 ha 1B 15
FESHLCF a vy a2 070ha, PFvYBI®a—nm, v e&00lhatlidk, I
270m, #M 1.80m T, ha ¥ 2,000 KM% CTH5B, M FEH CRMEL 10cm B b,
KUh EwEL T3, 3SFEMEETMY, BM264, 314, MERK, BECETLE
ik, 1B LB, B2EF L Fa vy =2y 1044, 9962 md Ei{k, 56 EEOSE
BERIFavrvyaay 2494, 101.00m3 =<y @ELILO) 114, 275md, = —
By b vk 21K, 457md Ft 281 A&, 108.32m* CTHB, Fa vty T3 v DEHWEER
24cm, % 15m, M 0406 m3 ha4y 3564, 144m’ Th5, #HEHEEAHEEIALIEHE
Cig o> TeD T, BLICBERLD KL RAL,

HRAROBMEL -1 T,

F1 R KRKOEE
Table 1. Outline of sample trees

W @ 9{1‘3 /N oW T 8 BB B " B oM ®

Species 1\f§_e Age D.B.H. Height Stem volume
(Yrs.) (cm) (m) (m3)
1 53 28 186 0.488
5y 2 53 28 19.2 0.494
Japanese 3 53 28 17.8 0.445
Larch 4 53 2% 19.0 0.436
5 53 30 196 0.591
1 55 25 153 0.334
T2 55 30 16.1 0.474
oo 3 55 24 153 0311
4 55 22 153 0271
5 55 27 16.3 0.470
Favey 1 43 31 161 0.607
I:{"';e“;n 2 43 22 152 0.289
Pine 3 43 28 156 0.438

3. B &

T2V E P Py ROWTIIRERAEBBCHRARLERL, a2 72 v a2 viiih
DL CABRDOBRERNLER LI, BEHEEFROILARYE, BHRIEIROAEC L
o, BEREARCIIEBNREABBREE L bOREALL, RE®, BV L, —BoBEERDO
HEC X WEIHScm OFREZERL, £RBHEH4ERFALL 7wy 720D, F
WERE, AHEKREIVCABBEERYHE Lz, ARRBEOEHD 5% 0.3~1.3m 0F
DD AXAXEAm BLIV4x4X8em DER ARABRM 2 TEERFELERL, #hEh
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KO fEMin. diameter
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E—1 204 % RED ik
Fig. 1. Sawing patterns to get 2’/X4’/ lumber.

EHREBTOMTRBE LORERABRCHE L, 20LOREIHIImORAKD I LROE
9em LLEDd0ns M-1 R THET, 204 HEHH L, 4 EARMEEF XD 40%x9%0 cm
WiE & L, £HRET, i BE FIOLVWoOPREFHERER L MITHIERBRYTR- T
b, BEAL, RALELL, [ERBRR- ThHRBOAIELE: i, SROEB
XOhUh) OEERTRY, EHRAETIhrVIRIBAv150cm, 34 SHEIC X 5T
BEABRY T, ZORBRBVWTIRREDOLHVWHETEH GIERIM) i, oW
KRB, TEOEKRSFHEL,LHEZ 2cm, X 2cm ORBRELYERRL, HMIFRBRLT
oz,

4 BERESUER

41 & B & &

BBRmETNY 25T, #5208 CRERERD IV, FOEIBEL
o Twh, THIIEEDOBhERTSOTHS, £ L THMS2EDOMEE, ERIBUX
{TtoT\b, HER20FEROBY HERRIBEHON VI EER, HBERBIOCREAR
CBRORTWEH, ZoORCd - L BECRRETLINETH-T, LBbIhD, FF<
713 3B5~40 FEIMLEBRERLEL Ko T %, OO ARREBREH IR TWiInD
T, FhETOR  BMERBBVTH oAb E 5 0EBRETR, Fa vty T3 23040
BAERVPEL Lo TW5H, ZhizEROBhTHAH LBbh5,

WEEE SRBIOCHEIAREREY R-3krRtT, WEERERK SPVWTURERDE
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% F =< Japanese larch FF =y Todofir
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Pig. 2. Basic stem-growth diagrams.
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BOITH5H, BEERCEVTUL, 752X 16~20EEEHKREL Ko TW3H, Zhut
EREIFRLEOHBTHHEELZDI D, BMZ2FORABICIIMEERD XKk T5,
Py MR ECEOCHARGEERNRERTH A, Fa vy Ta vl 0 EREEE
ENREL Lo TWw5A, ZOBBTIRMERNIRZEALZIER-TWHZ LLBRHH LD
LRbh3, BHBREERCKEWUL, (DT =Y MUERCEL o Thb k{k-T
Wh, PFEYBIOF vy TavREBVWVTERERARC LAENKRE, ThbOERE
B H =y 16~204, P F<Y3BE, Favikryaay B~30ELHLWE TR M
RETHCITLI ZENBETH D EELDRD, LI - BERAZFIRGEEOES DT
BHEDT, CORETELRFDRATHIENBET, cokdiirt hdirERAEK T
BRTAHAENOMIULLEEND, L CHERIIMEZ LD, TMHIRIA F—¥FTiThRL
BSHVWIRTRETH B,

4.2 FHERE SKEXHIUERBEH

BB OWTOMERBREY £-2, 3B8IV4E, FHERE:LFREEROHARESY
X-4 % X056 1RT,

FHERE: TN ELORHEENDL, WThoBECE W THAMOHERIBR L,
BERERVZOMOI TELIL-TWBZ E3Bbh TS, 2FHECEWTILFa vy T
2URRKRT, 4lmm, »5<=2 & P F=2230 X029 mm CRkER., -4 OHBER
Beihi Favevaa vREREBOBVESCELS FMHAL, 4mm T TR Foh
N5y LDIEWESE, SmmUETIEN I Y OFRERICELPH LTS, —#
ik 5= Y DFBEENICDOT, FERBIZEL 8525 Ado X5k - BROEBRERK
Er Y hEREENI D oTcled, 2OXRERLT-TLDTH B,

EHaKE: UMEKBIEHTHS <Y 151%, K=y 150% C, BEIERAT, a7
vy da 318l T, RReE L, LHAEKERI L V=Y 2Bb R FHI01%5, LR K
HIXAHEARC N T 220 LD D, 2ERRCKBCHNFET L LRG0 D, Fa v
v aaveREl, FEAROLMIZ120% UEORKEND D, FH88% ThDH, »
=Y LM OEKKRIIEHEL, BHKREN89%, FHHEI3% ThbH,

BRBEY: HTHB2BR{EEHHEIL N 7 < 38kg/m3, Favrv=ay d3kg/
md, FF=v328ke/m®CThHsH, BEHLLTIHODYRALR, SORKEN, BLXD X 5 ki
WO I is & EETIUTFHIE 320 kg/m®, HAEME 300 kg/m® PLEMFELWEE X B h
50T, ARBERCHE T IBEL bBEN L LToBREYH LWL X5, CoHBER
BIIRSRT IR, 253=VREOEORRLEWEIACSHL, PF=vEFavk
v=a v gER UEBied 5,

HIFI=VEPNF OB THEDWTOIAGDEXREDT D FE-5 BT 5,
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Table 2. Average width of annual rings, moisture
BB a0 M B8 SEERIE  Av. ring width (mm)
Tree Sap/ N SAF
No. heartwood n qzﬁ f[E %ﬂ;}i{ﬁ ﬁMJi Iiﬁ g?@ = %‘{,t@’%(
aA¥ S 36 1.8 34 1.0 0.65 35.1
1 O H 76 35 7.5 1.1 1.75 50.2
44k All 112 3.0 75 1.0 1.76 59.2
a¥M S 37 2.9 5.1 20 0.71 24.3
2 O H 75 3.0 6.7 1.1 1.13 381
24 All 112 29 6.7 1.1 1.06 36.1
AR S 34 2.0 5.1 1.2 0.83 424
3 OF H 65 33 5.9 1.1 1.30 39.7
£ All 99 2.8 5.9 1.1 1.38 48.8
ARt S 37 2.0 41 0.9 0.81 41.5
4 O H 76 3.7 8.0 1.0 1.78 477
24 All 113 3.0 8.0 09 1.91 63.8
A¥M S 40 1.5 3.8 0.7 0.78 52.5
5 O# H 86 3.8 74 09 1.66 442
& All 126 31 74 0.7 1.74 55.4
A S 184 2.0 5.1 0.7 0.75 36.9
&k i H 378 35 80 0.9 1.54 45
All 24 All 562 3.0 8.0 0.7 1.49 49.7
Remarks; S: sapwood, H: heartwood, »n: number of pieces.
F-3 =Y OTIEFRIE,
Table 3. Average width of annual rings, moisture
B A Y e SEIHERIE  Av. ring width (mm)
Tree Sap/ N <
No. heartwood n SFX?’ ﬁ %{;Xﬁ s Jif g?ﬁ = Kcit@?l
AR S 30 1.7 3.1 1.1 0.55 32.2
1 O H 64 3.1 5.3 14 0.75 240
£ All 94 27 53 1.1 0.95 35.6
AW S 32 19 34 1.1 0.45 234
2 O H 87 34 5.2 1.6 0.85 25.1
& All 119 3.0 5.2 1.1 1.03 345
AR S 31 21 4.1 0.8 0.86 40.7
3 O H 74 3.0 74 1.6 1.19 40.2
£t All 105 2.7 74 0.8 1.19 43.9
A¥ S 30 29 44 1.8 0.68 23.0
4 Lo H 65 2.7 5.2 14 0.70 26.0
£t All 95 2.8 52 14 0.78 28.2
A¥ S 33 2.1 34 0.9 0.70 334
5 O H 83 37 7.7 21 1.07 29.0
&4 All 116 3.2 7.7 0.9 1.24 385
A# S 156 2.1 44 0.8 0.65 304
£24k L H 373 3.2 79 1.6 0.94 29.4
All £ All 529 29 7.7 0.8 0.79 270

*  Without compression wood.
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EHEKRELS I UEREER
content and basic density of Japanese larch wood
4 A& Moisture content (%) BEEBEY Basic density (kg/m3)
e BOAKME  RIME giﬁﬁ% BRI SF?Sﬁ BAME RME gﬁﬁ% BEAK
Av. Max. Min. cv (%) Max. Min. S.D. cv (%)
153 202 137 13.3 8.7 381 417 334 22.4 5.9
43 72 32 82 19.0 380 528 315 34.0 10.2
77 202 32 52.0 67.4 380 528 315 475 12.5
149 178 95 174 11.7 379 414 347 16.6 44
40 61 32 6.2 155 378 515 282 38.6 10.2
75 178 32 52.1 69.4 379 515 282 49.3 13.0
170 211 143 14.6 8.6 347 384 245 243 7.0
46 89 31 14.4 30.9 359 447 277 342 9.5
89 211 31 61.2 68.6 355 447 245 48.1 13.6
148 172 117 13.7 9.2 395 494 358 27.7 7.0
44 57 36 5.5 12.6 389 491 294 447 11.5
78 172 36 50.0 64.2 391 494 294 54.6 14.0
137 164 100 13.2 9.7 424 537 377 31.8 75
41 61 30 7.1 17.6 397 503 313 470 119
69 164 30 454 65.7 405 537 313 57.6 14.2
151 211 95 14.3 9.5 387 537 245 251 6.5
43 89 30 83 19.6 381 528 277 40.2 10.5
77 211 30 51.5 66.4 383 537 245 36.1 94
EMEKRRE L UARBER
content and basic density of Todo-fir wood*
47k=® Moisture content (%) BEFEYR Basic density (kg/m3)
¥ 1E ﬁ)\fﬁ ﬁ']‘fﬁ ﬁﬁﬁ% (45 . Slzfaﬁé: BKME ﬁ’l\ﬁ %ﬁﬁ% TR
Av. cv (%) v.  Max. D. cv (%)
141 178 85 217 154 345 388 301 233 6.7
90 224 33 38.0 424 319 434 243 26.5 8.3
104 224 33 42.3 40.8 327 434 243 43.1 13.2
118 169 53 32.1 27.1 343 534 283 46.5 13.6
99 225 41 45.4 46.0 337 433 301 16.6 4,9
104 225 41 41.6 399 339 534 283 29.3 8.6
149 224 66 46.5 313 340 455 292 35.9 10.6
93 220 28 43.6 46.9 320 429 267 28.7 9.0
109 224 28 49.3 45.0 326 455 267 48.1 14.7
183 233 95 28.2 15.4 302 411 250 34.3 11.3
128 265 49 43.1 33.6 310 411 229 202 6.5
146 265 49 454 311 307 411 229 25,6 83
157 210 96 23.4 14.8 333 398 294 26.2 79
98 232 35 481 49.0 322 463 282 22,5 7.0
115 232 35 484 421 325 463 282 240 74
150 233 53 29.0 19.3 332 534 250 33.8 10.2
101 265 28 349 34.6 322 463 229 246 7.6

115 265 28 40.0 34.7 325 534 229 29.4 9.0
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T4 Fa2vrevIavHOTBERRE

Table 4. Average width of annual rings, moisture

BERA T M FHERWE  Av. ring width (mm)
Tree Sap/ HEH i )
FHE  BAME  RME BRERE ELARK
No. heartwood Av. Max. Min. S.D. cv (%)
A¥ S 35 2.8 3.6 1.8 0.84 29.7
1 L H 60 5.6 7.7 33 0.96 171
£ All 95 4.5 7.7 1.8 1.64 36.2
A S 29 1.7 3.6 0.9 0.74 420
2 O H 49 51 6.8 25 1.02 20.2
£ All 78 3.8 6.8 0.9 1.85 485
A S 32 2.5 3.6 1.6 0.59 23.2
3 D#H H 55 4.8 6.9 21 1.08 22.2
44 All 87 3.9 6.9 1.6 1.48 37.7
Aam S 96 24 3.6 0.9 0.84 34.8
L4k O H 164 51 6.9 21 1.14 222
All &4 All 260 41 6.9 0.9 1.66 40.3
foy) -
g4 of ¥ = wTodo-fir
ok FYHTH "comp.wood
— as F = v Japanese larch
~§ 30 AFg%4& 23w Korean Pine
S
(=]
g20f
o
®
[
# 10
®
H
0 2 4 6 8 10

¥ ¥ 4 ¥ I8 Av ring width (m)
B—4 FHEREBOHIRE

Fig. 4. Frequency of average width of annual rings.

4.3 FHERBEERABEHR EOBRK

SEEC YW TOWECREFEY N6 1FRT, » 7Y CRERIB2~4mm, + F=YT
3 1~3mm OHE T, BERBL, Fa vy Ia vt l~4dmm OFFE CHEE MM
THhEARALRL, A—ERBOBE, BEOER IS <Y >Favevyaay>h Ny
EWVWIOBERLE feD, BENE LTHELRABEERY ERDO X 5 &b &3, FREI
A=V RBIPFaveryaayTmmPTF, PPV 4mm TR Z L 3BHRTRETH
5, EWnwdztichBb, Favtey a3 vOERELImm T OHYOFHED 310 kg/m® T,



EPBELRBREERAR I BBOEMME (BS) 1089
EMERRE L OABEEER
content and basic density of Korean pine wood
47XK#E Moisture content (%) AWEEH Basic density (kg/m3)
FE BAfE RAME O BEREEZ BEEK SPHE BAME RME BERE BAEK
Av. Max. Min. S.D. cv (%) Av. Max. Min. S.D. cv (%)
191 220 170 124 6.5 334 364 305 13.6 41
86 157 36 32.7 38.0 357 441 334 285 8.0
121 220 36 58.4 484 350 441 305 457 13.1
192 227 167 21.2 11.0 321 343 294 19.6 6.1
95 145 57 25.3 26.5 337 384 304 19.2 5.7
130 227 57 54.5 41.8 331 384 294 43.1 13.0
178 209 153 24.8 139 343 378 321 182 53
88 121 35 286 35.0 350 450 302 25.6 73
121 209 35 56.4 46.6 347 450 302 44.1 12.7
187 227 153 28.9 155 333 378 294 40.1 121
88 157 35 304 34.7 349 450 302 37.8 10.8
124 227 35 55.4 447 343 450 294 33.1 9.7
<80
& % oF F < ¥ Todo-fir
e FF=YHTH " comp.wood
= ( af 7 = 'V Japanese larch
§ 60 A F3v%&a'3% Korean pine
S
(=3
Ea0f
g
=1
¥20}
®
0 well] " e T~ . 2
200 250 300 350 450 500 550 600
H OB O® B $H Basic density (kg /cmi?)
B AREBEEROHBERE
Fig. 5. Frequency of basic density.

BN LS eB D0 -ETNETH B,

4.4 EBREEVOHEHER

HEHAROH EEF 0.3~13m OFHH LB Lic4x4cm BiEH OEMIR B 81T 5 8
ERBOBROREY X-61RT, AMBEERIN I <V EFa vy TavBTHAR
Py CIRIRIER UC, FEEODENEEYERDTE
ELT, TNEETRAEVWERDhS, ¥ v 7REEFHET, # 7 <5 60x10°kg/cm® TK
B, b F= 277 x10 kg/em? TRATH B, MITFHARE TR S~ Y= FxY>F 3V

EDWTDH X hRRKTH BB,
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x5 7 5HoHH

Table 5. Properties of compression wood
L | S;i/lu # R SEIE AfE R/ME EREE EBLAE
Species heartwood n. Av. Max. Min. S.D. cv (%)
IR Av. ring width (mm)
A S 9 3.1 4.1 25 0.58 185
PV N
Todo-fir O¥ H 25 4.3 6.1 24 1.21 284
24 All 34 4.0 6.1 24 1.02 25.7
P A S 3 41 5.1 34 0.89 21.7
Japanese OH H 5 2.1 2.7 1.6 0.42 20.5
Larch Lk All 8 2.8 5.1 16 1.20 425
£ 4KE Moisture content (%)
aA¥ S 9 102 142 76 30.7 30.1
N4 N
Todo-fir O H 25 75 162 28 37.9 30.5
£ All 34 82 162 28 30.1 36.5
55y uH s 3 102 143 69 37.5 36.7
Japanese Ok H 5 32 33 31 0.9 29
Larch 2tk All 8 58 143 31 415 714
KEHEH Basic density (kg/m3)
A S 9 462 522 406 43.2 94
PE=Y N
Todo-fir O H 25 433 597 318 72.6 16.8
sk All 34 441 597 318 66.7 15.1
b5 aH S 3 518 619 406 107.0 20.6
Japanese O H 5 497 545 456 34.7 7.0
Larch L4 All 8 505 619 406 63.9 12.7
okl ¥ = v Todo-fir
8} F2YHTH Todo-fir compression
B ;171 27 = Y ‘Japanese larch
500 A4Fav¥Ts7 Korean pine
5 ,
}n [ ®4 ®1 . 2
<%, 3
450 I ° % ®s
o I
het - ‘ 10
wn [ ]
3 L
': i 194 ot
= 400 n8’@ a6 )
& I : °
A a3
& i 50 iy
w350 33 42 R4 232 A g gl?
8 - o 35 4 ” 17
w | 8165 ol % o1
{@ N s 14 o]
300 |
. 1 L )i A Lo 1 ) S §
0 2 4 8 10
Y #7 48 ¥ $8 Av, ring width (mm)
E—6 THERBLABRTEELLE MK
Fig. 6. Relation between average width of annnal rings and basic density.
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Table 6. Mechanical properties of clear green wood

B m F o K B O vvs766E KARE @B @ESSES

Species fern? ﬁlgﬁiﬁ E%& M. O E. Str%s;/p RS Mb b.R Magér.C?:sh.
(n) (mm) (kg/m3) (103 kg/cmz) (kg/cm?) (kg/cm?)  (kg/cm?)
FME  Av. 3.1 395 60.2 191 450 215
»3=v  BAME Max 79 463 85.7 250 651 297
Japanese &g Min. 13 325 37.3 97 300 140
(79) ERRESD. 15 34 12.7 40 76 1
ELEE cv% 49.0 87 21.0 21.1 16.9 19.1
FHE  Av. 2.8 334 76.9 190 390 190
ey BKRE Max. 49 383 105.7 235 556 260
Todo-fir  &/ME Min. 1.6 309 37.3 116 262 150
@) E#{Ex% SD. 0.7 18 145 26 46 24
BALRE v 25.4 5.2 189 13.8 11.9 124
FiE Av. 44 353 72.0 164 338 173
727y  RAE Max. - 66 378 85.7 197 390 195
Korean  Hu/M# Min. 2.3 330 51.8 137 295 149
P‘a%) E¥EESD. - 11 12 88 16 23 11
ELR S ev% - 25.8 35 12.2 9.6 6.8 6.2

# Remarks (n): B#% Number of specimens, Ru: Average ring width, R: Basic
density.

tvTay, MEBIBIOCREMBITIEIIZI=Y> I F=Y>F a vy TayOofREs
Abhn, BENBGEERE» 5~ v OB 29 £0RAERC OV TOEHROHERBROBRY
T, PHERFHERE 21 mm, AREEH 390 kg/m®, ¥EMME 240kg/cm?, #iFv v
7HR% 63 x 10°kg/cm?, MR E 518kg/em? ThH H, F—RBFMOUWHET 37 £4° Titth
#h 34mm, 450kg/m® 258 kg/cm?, 83 x10%kg/cm?, 548 kg/cm? G, S EIDOHE X b 1%
BEZ TR A BETFEDTH T b Fv Y oW CHREDEEI LB L, SEDFY
EIXEEEODL O LIZEFE LT, BEHE, LEF, OEHFEMIOIRTH T, FaVevT
2 VXABRBERL L F=Y IO RTHBR O HLT, TONFEHERILL F=Y X H/h
Thotr, REEZDEERME LT F=YRL0BRECTREDSZLEABRADT, &
hIDBEOEDHOIXBHRARL UTHRE T oL,

4.5 FHERBEEHFEHER SO

L EREAMBRRBRACRT A PHERIEL DFAOEE L OBGRY R-TRT, R—FKiE
DHE, YV I/RECBTEIF=Y 3 RI/NT, P FwvEFavevaayiigigRl
HThsd, ZhIEH I~V OBBEOBEML I LW EERTIOTHASH, MIFESRX
CHERBI TR S~ YRBKRT, FF=Y, FavevaavDiEks, BENcARD
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Fig. 7. Relations between average ring

width and some mechanical pro-
perties of small clear specimens
in green condition.
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Fig. 8. Relations of maximum crushing strength, stress at proportional
limit and modulus of rupture to modulus of elasticity of small
clear specimens in green condition.

Loy v /I EETECRE LD TRDIEREADE, 2¥D L5V 5,

Q) #S5=YTCRYVI7RBC I HZRBEOHENR S ZBEWETHS, 2 b F=y T2
REMBS L OBERLERHET, vV /7REC I3 FOMEOHTEIRTE R, MiFHkEcEL
Th, IWEERBETERY, Q) Favevda vyl =YX hIbey v /7RI
IHBEMEOHEIRETHA S,

4.7 204 B OERICKDMWEEND

EMRELOKEMC WD ETCONBIR-TRRTLELY T, BOH, EI0HED
T F=YRBRLRT, FHEZEDOETO0.156cm, 1.8%, EXOET0.052cm, 14% Th
D, BREZZALOM2EOMETHS, BOETIXHI T~y M, EXOHTIRFav v
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x—T EHC LB 204 Mo
Table 7. Shrinkage of 2//X4’’ lumber from green to air-dry

condition {cm)
- - B o @ Wide face K & o H Narrow face
Species ¥ Av.  BA Max. ¥# Av. Bk Max.
# 3 = v (JL) 0.129 0.250 0.043 0.085
¥ = v (TF) 0.156 0.315 0.052 0.115
Favevay (KP) 0.142 0.275 0.035 0.115

Remarks (JL): Japanese larch, (TF): Todo-fir, (KP): Korean pine.

¥—8 204MOWBCIBIEN

Table 8. Warp of 27X4” lumber after air-drying (mm)
1898 Species 4 =< J. Larch F F<= v Todo-fir Fa vty avK, Pine
HH Items Ry @ b hin S5KY WM v hith Rb # b Rih
Bow Crook  Twistt . Bow Crook Twist- Bow Crook Twist
SEH Av. 4.7 3.2 5.2 2.3 14 3.2 1.9 2.2 35
&K Max. 15.0 16.2 20.5 70 7.1 17.2 84 49 13.3
B4t Reject (%) — 83 136 —~ 00 57 — 00 102

E: Y 6mm, h Tt h 45mm Bl L& L7, Remarks: Lumbers having 6 mm or more
in crook, or 45 mm or more in twist were rejected.

FUNRENRERBENDNTH -1z,

OB IZECRERERBRARTERDIT, SKY, #ih, RLhoTFhiek\Td
W2V RBRTHoTz, ERHVCOVCTIRFIARCSAEERETESHDOT, ThE2ERL,
hF AR O TR THELZEAL, Y 6mm, RTh45mm AEDL0 2B L
teo FOEEFEHIT<Y T, BKT, MY T83%, RULKTI6S Thotl, Favrve
ay DR Ch XHBRARIIN I KREL, 102% &L,

4.8 204 HDHBHOHER

204 I OWT D EBHITRBROGROBEL £-ICRT,

Y, AMBCREEVC X DRIE Licy v 7 51¥% (E) OFBELY -6 ciBf &R E4E
Hov v 7EETHEE RETE, 75~ Y TiZ60 23 79x103kg/cm? L7t b, #30% k&
{leh, FF=YTHT7H88x103kg/em? Lin b, 14% K&l otz, 204 HOFFE DB E,
BB IMICHAEEBETELDT, vV I/ RBERBETHL LB, #» 5=y TRRohlEkD
LERC, ZoEHIbMELRV, ThERRME, Favtyaa v nTiZ 72 5 69%x10°
kg/em? & AZ WA LTE Y, ZHEIREAR ITRBBEH O HENR 204 b oL Bbh
b5, ZOKEMOMHE GE) XEMBELI DI GV BIRN P~V T6~T%, Favvzay
TUZ KRThHote, L LEEDOIENDHDOT, BRI XHETAEO LRI 2EET
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9 2044 o i Bk
Table 9. Flexural properties of 2/”x4’ lumber

w " H B EiafE BXE BAME EREE BLEAXK

Species Items Av. Max. Min. S.D. cv (%)
7Eg (108 kg/cm?) 79 110 50 13.6 17.3

7Eq (103 kg/cm?) 84 130 56 143 17.0

T o=V E; (103 kg/cm?) 82 113 51 134 16.4
Japanese Larch E; (103 kg/cm?) 87 124 56 146 16.7
9pp (kg/cm2) 237 401 132 61.8 26.1

7y (kg/cm?) 434 729 252 1061 245

7Eq (103 kg/cm?) 88 116 64 119 134

rEq (103 kg/cm?) 94 122 69 115 123

PR o= v E; (103kg/cm?) 89 136 71 9.0 10.1
Todo-fir En (103 kg/cm?) 100 136 61 13.0 13.0
%pp (kg/cm?) 233 318 104 55.0 23.6

%y (kg/cm?) 395 597 172 88.6 224

rE; (103kg/cm?) 69 89 44 10.0 145

rEq (103 kg/cm?) 79 102 55 10.3 13.0

FavevTay E; (10% kg/cm?) 77 94 58 9.3 12.2
Korean Pine En (10%kg/cm?) 83 103 51 12.6 15.2
9hp (kg/em?) 207 385 76 62.7 30.3

75 (kg/cm?) 307 531 131 834 271

# Remarks sE;: £HBOOLEVIC L 3 Y v 7%, M.O.E. by flatwise bending at green
condition, fEg: SEFEM OO LV I 5 ¥ v /¥, M.O.E. of air-dry lumber, E;: §%# o
LTy, 3HR2ABECTIDIARAVERDOILLALLRDIY v 7% #, M.O.E. obtained
from the deflection all over the span by edgewise third-point loading for air-dry lumber,
En: HBEABOLbAEPLRDIZY v 7 FH, M.O.E. obtained from the deflection between
two loading points, 95p: HiF LB ES, Stress at proportional limit, %5: #iiF# %, Modulus
of rupture.

BIREAEEL, Favev2avTIBRETH- T,

R[EMOLTHEVR I DA VERDICbLANBLRDIEY v 7HZE (E) X, FORE XA
D lcbhZ b RDIME (En) & FECREHOE (E) & ORIICH D, RAMMMIcHRNRE
Thisw Ex ARRTH -, BEBETERERMMOY v 7 FEEE LT 204 iz o ¥l
(10°kg/cm?) A&z BT 39,

F HT =Y % Favevday
Fetk, 1%k 100 85 80
2tk 90 75 70
3#, Const., Stand., Util. 80 70 65

ARBCBILZREMOELZ N LOEE HETIE, » 5~ Y OFHEN 3 HEIS = —
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F 40T 4 ~AD,5% FTHEL60x10°kg/em? THB DT, # 5 <Y DOftE 7 1 — 7 (Hem-
Tam) AR KSD, YV /7HREIPFHETIVENIEZZLDD, ChelhdEzor s
V2= T 4 VT4 - 3ROEXHERATEHLRIRD, PP VIR EHETRIRUE
z, 5% THRMEIL 74x100kg/cm? THE DT, HIF2HEHY TS, Fa vty Fa v ¥y
fECix 2 4R, 5% TIRMEIX 61 x10°kg/em® T, =—7 4 ¥ 7 4 — SRDECETAIRTH %,

MTHARERY» Y= F=Y>FavrvIay, #HiFHIFTIS<=Y>PI~
Y>FavkvyIa vt b, MIFEIOLY TRMERZ OJEF T, 259, 249, 138kg/
em? &y, ThZho 183 2RI THHEIGNE L THE, 86, 83, 46kg/cm® & 7x
b, ZHOhDEIE, HF=VTIEavAPF 7Y a v (T0kg/em?) LITF, b F=Y T2
BT, #avev=aavCR3RUTOMEEL S,

¥, ohd 3BEORMABRTEEEHUM RIS hex 534 N E (i) ofF
(A7 kg/em?) (3OFDER D TH DY,

RO A Z &AM
AVALES ARV =2—F
B & ik 1 2@ 3k L. pop weal
ooz =V 130 110 90 50 70 40 20
FF o= Y 110 95 75 45 60 35 15
Faviwvrday 100 90 75 45 55 30 15

4.9 RRRNEAOHFPHER
204 # O HFHBRBREK, REBEOIEBEREL CRM LI BR ARG AT 5 RBHR

F—10  HERADPRF O TR
Table 10. Flexural properties of small clear specimens
B " H | A RRME R’ME BEEE bk
Species Items Av. Max. Min. S.D. cv (%)
u (%) 13.1 13.9 12.0 0.5 38
BT =Y E (108 kg/cm?) 81 110 55 144 17.6
Japanese Larch Tpp (kg/cm?) 429 597 273 84.0 19.6
95 (kg/cm?) 712 967 440 104.7 14.7
u (%) 12.9 147 114 0.7 5.6
L S E (103 kg/cm?) 89 110 65 8.1 9.1
Todo-fir Tpp (kg/cm?) 417 546 303 57.8 13.8
9 (kg/cm?) 683 808 553 52.9 7.7
u (%) 13.6 14.5 12.6 0.6 4.1
Favikvraay E (103 kg/cm?) 80 97 51 9.2 114
Korean Pine 9yp (kg/cm?) 387 551 254 60.9 15.7
9y (kgfcm?) 633 766 528 56.3 8.9

& Remarks u: 4K® Moisture content, E: ¥ v 7 ¥ M.O.E., %p: BT LHRE

Stress at proportional limit, 95: #iF# x M.O.R.
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204 D EX R KARED 048~061 TH B, TDOROKE VDRI F= VT, LHIRE
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Fig. 9. Relation between modulus of elasticity and modulus of rupture
for small clear specimens in air-dry condition.
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Fig. 10. Relation between modulus of elasticity and modulus of
rupture for air-dried 2’/X4’/ lumber.



ENGL T EAREERA S HBOKRHE (H4) 1109

ZRE, YV I/REOOMTRSERECEL LB, &0 E et s REnTER SR
BRIEOHED 8% Th 5,

DER 4 HOMBEMOMOKE I L HITARS L OMFELRDEL, H-11kFTLd
b, HIORE S I HEMLE B EROBRIIE T 5 MFFEIENE D 3 fEoELH R

- 800 ; ¥ ;
§ o } .
2 11 |
< 700 ) : :
| i I
1 | 1
Id i r
600 | i Jr
| {
. D '
i
3 o 8 z
o 500 ; ! |
]
: | 1
) . ! o ‘
50 400 |————= o0 W= ___lil:_..‘r (W] I 1'
fﬂ i 330 !t I g
t . . -2 |
& 300 L. ; .——‘_ p —4
J 11 1 b [
| 1 L 210
200 —— 4 A
% 1&g 2H { 8 &
S.S. 19 NO.1l 25 No.2 32 No.3
| I l
0 5 10 15 20 - 25 30 35 40
10 .
i ¥ t
e ! ] 1
2 ' ! [
=08 : ! I
o a o, [ !
£ | 673 _ | ____|_ o__|_ __lg o { !
5: 0.6 i L] L ig [ : I
* 7 [ ]
H J ;. F%‘QS‘%“J' 4 |
< [} ¥
2 " I L
2 04 ' ;
R
0 1 3 ! laes |
i:f 02 ; ! !
= 5% Pl o2 | 8 &
S.S. 19| No.l Zf No.2 32 No.3
0.0 | |
0 5 10 15 20 25 30 35 10
HEBOWO KX & X  Size of Edge Knot (nm)

B—11 HEROFOREFSILBPBEIKSIVELLOME ) »5~v
Fig. 11. Relations of modulus of rupture and bending strength ratio to size
of edge knot for air-dried 2//X4’” lumber. (1) Japanese larch.



1110 EERFREBHABRTRRE 428 H4F

ageoo . y .
1 | i
Y ! | |
< o ! i !
500 o { é ;
1 1 ]
= o g o1 1 I
400 i ¢ 4
- . _ ° 1
o o
) 330 |© j o I; o 1 !
SO i e £ S S I
300 e —" ,
P ° | ! 0235} 1
# 1 2 |
. IS
200 } I :
H ° : i X
! . 1135 |
100 ! ! L
: { T
% 11y 28 18 4%
S.S. 119 No.l 25 No.2 3FNo.3
0
0 5 10 15 20 25 30 35
o 10 : r l
= | | |
x o | A
s 08 d " I
= ! $ !
g 1 |
% 0.6 . L ; ——# !
= .o ® o —8~—1 !
E o« o rg 553 | a5 |
=) e ,0—~——+——:
04 [ ) | ® : I
= ) R i o 1.
v 1.
& 0z bl ! L
% 0. ' 1 ¢
= 15 4% T 1 2@ | B3 &
S.S. No.l No.2 ‘No.3
9 25 3ﬁ
00 i |
0 5 10 15 20 25 30 35

MEBOHDOAZX Size of Edge Knot  (nm)

B—11 @) rrFr=v

Fig. 11. (2) Todo-fir.
ELLTRAETIE COMBBRENTOLOE, » 5=y Ciadk19 4110, 1411 5,
2811, 320, F N~y CizsME16m4, 1121 2R 20, Fav ey s
7K 135, 1881354, 2;&6'*‘2, 3|20 LD, TOL EBELY, B
hFTYEBNT, EMOSBROLORHBBREUTOLOMREN -1, FLTEERiCHT
HEWHOEIZITEIIAD RV, TDZ &1X B. MADSEN @ in-grade test @ & 89 iz 4>
THEMEIhTW5, X HRBEFEOERBMAFTCHMERD S ETHE, FoXxseThit
Iy, CORERERBIATOE, RLTEED BB HEE LT, EESHCHL



EPRETRBEREERA S BROERNE (B5) m

2500_ } - i :
}} A i | ! {
400 A A ! i + !
o N ; =) ;
_ A L& ] )
o A
300 4 * !
- 300 ==~ - —1 LA P T = fa
= 'A“’A"é Al
8 R0 !
: T el
200 ! ,
) I 4 A
& 4 ! ' 1135
! : 4P
100 }
: o ‘ L1 1 2% B#& |
S.S. 1 No.1l 5 No.2 32]\10.3
0 P |
0 5 10 15 20 25 30 35
10 i i T
e | } !
= | !
3 |
o I { !
a0 | |
g 67% L— i i 1 I
A eompooe- = . |
@ 06 ' | =
op A {_4\5.1%__4 A 1
R 4 4 A i I
E A 4 [ A 1
a: 04 a ! A . 45% 4 _52
{ ]
x o
0 A S Gy R
# 1 I '
o 02 | i '
58 i Jeg | B
= s.s No.l1 = No.2 No.3
19 2 32
o | P
0 5 10 15 20 25 30 35

MgHomokx X Size of Edge Knot (inm)
B-11 @) F=vev=ay
Fig. 11. (3) Korean pine.
proof-loading #4375 Z & TH B, ¢Ex2bh3,

204 OO KX St 5l V3 X e [(204 0 PR X))/ (8K SR K O T )]
DREFBTARSL L, FBROMIBILUTOLONEHCSE Y, HIBERTIZILBEE L RH
GI67T% LT Th 5,

RO O TIEEN T HRBEN D ad o ledl, TORE I LIFHRELE OB
R R-12ERTXoR, B 1RESCERELYTES IORLRID T,

D Efiie o e hE B ORBERLRETHE, o wRqBRLEBE L LR
L, 2 HORBRGEHELXFOEEFERTHIORERT, ThEfh 807 BENEULETHS
EEZBRB,



1112 EEARERFTHBHRFRBE F 428 F45

5 ¥ T 1.0 l ; :
KBEAEE M RTRERE O 2 . gl }
FENT~YER B5EEL Fwy bk T | O ® g1 |
YO BELEF vy TavIADOHR '% ST R ': A :
REONT, EREATE L ERHERR 5 Aol ]
B otc. ZOBBROED & 5B 504 o Lam
Iha, = . ;.l |
1) BRI 3EE oW ﬁ { :
WFROMREOR - MROER, FE o B |1 | 1m 2
&, RELEOVBYZT, 7~V Tk ﬁw | &ﬂ 2 ““f§“2
204EH, b F=Y T3 3B5~40FEH, Fa 0 10 20 30 40
Yy Tav TR0 EROEERFIRF RRBEOFDA E X Size of Centerline Knotmm)
REIsoT0 s, FHERIEZS 7 <Y R AmOmORE LRTR R

30mm, FF=Y29mm, ¥ av-tv=a  Pig. 12. Relation between the size of certerline
2% 4lmm T, ZOMTREF vy kont a?ld the bending strength ratio.
avDERERNARD Lo, BEEARCEWTCHERERE L BERABOBKLHLET TS
HERNR&RL Rz,

2) DMERBRLCIENT, PPy TIREHRAKRE RAMEIZ 2207 L ED Y, TTK
KEOCHBPEEL TR, P F=YREBDTHIZEL, COMBENRZOBEOERELMRA LK
5> TWwd, FavtvTavOLHRILEKBORKMEN 1207 L EoBr NEHAKRT D
D, TOFHHEIL88% T, AMBO 18T LLICEKROBVEETHS, »I7=Y D0
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Summary

There are many silvicultural problems for man-made forests in Hokkaido. The main
problems are the selection of the most suitable species and the method of silvicultual treatment
to get useful lumber. These are the most primary problems. Why do we have these pro-
blems? Because there were a large quantity of high quality forest resources, both softwood
and hardwood, in Hokkaido. But nowadays the resources are decreasing day by day, especially
those of high quality wood.

The silvicultural history in Hokkaido is not so new. The Matsumae clan started to plant
Sugi (Cryptomeria japonica) trees in the southern part of Hokkaido several hundred years ago.
From the end of last century to around 1920, many kinds of species were imported from
foreign countries and planted. These species were Norway spruce, European larch, Corsican
pine, Scotch pine, Jack pine, eastern white pine, black poplars, red oak, black locust and
others from Europe and North America. Also Japanese larch was introduced from Honshu.
But except Japanese larch, no species has become an available plantation species. Today, there
are 1,440,974 ha man-made forests including 738,104 ha of Todo-fir (Abies sachalinensis) forest
and 495,380 ha of Japanese larch forest in Hokkaido. There is an important problem in the
Todo-fir forest. In previous reports, it has been revealed that there are many Todo-fir trees
having wet-wood in their trunks. If the trunk has wet-wood, there will be a high possibility
of occurring a frost crack in the trunk in the near future.

For the reasons mentioned above, growth rate and wood quality of plantation-grown trees
in Hokkaido have been investigated. In this paper, those of five Japanese larch trees, five
Todo-fir trees and three Korean pine trees grown in the Tomakomai Experiment Forest of
Hokkaido University are described concerning some silvicultural problems.

The results are briefly summarized as follows:

1) The growth rates of the trees decreased after about 20 years old in Japanese larch,
35 to 40 years in Todo-fir and about 30 years in Korean pine, because thinning was too late
and some disease and insets attacked the trees. The average values of ring width were 3.0,
2.9 and 4.1 mm in the larch, fir and pine, respectively.

2) All Todo-fir trunks had wet-wood in their heartwood. The heartwood of Korean
pine trees had partly relatively high moisture content which was more than 100 percent and
the average moisture content of the heartwood was 88 percent. That of the larch trees was
the lowest and only 43 percent.

3) The average values of basic density of clear wood were 383, 343 and 325 kg/m® in
the larch, pine and fir, respectively. These values might cover the minimum value for struc-
tural materials.

4) In the relation between the average ring width and the hasic density, the tendency
of decreasing the density with increasing the ring width in the range of 2 to 4 mm of ring
width of the larch was seen clearly, but the relations for the other species were not clear.
The density of wood having the same ring width was the highest in the larch wood and the
lowest in the fir wood.

5) The results of mechanical test for clear green specimens with 4 x4 cm cross section
obtained from the part of 0.3 to 1.3m of the trunks above the ground showed that the
modulus of elasticity of the larch wood was the lowest, 5.8 GPa, and that the modulus of
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rupture and the maximum crushing strength were the highest, which were 44.1 and 21.1 MPa,
respectively. For this reason, it might be seen that the fiber direction of the larch wood
was not so straight compared with the other species.

6) The relations between the annual ring width and the mechanical properties for the
larch wood were relatively clearly seen, in which increasing the ring width bespoke decreasing
the values of the elasticity and strength. It may show that the wood quality of larch will be
controlled with the growth rate which mainly depends on silvicultural treatment. The rela-
tions for the other species were not clear.

7) The relations between the modulus of elasticity and the strength properties for the
larch wood were clear and the regression lines showed the highest-pitched slopes. It may mean
that it is possible to predict the strength of the larch wood from the modulus of elasticity.
The lines for the pine wood were the most gentle slopes.

8) Shrinkage of 2” x4” lumber from green to air-dry condition showed the maximum
value for the fir wood. Warp, especially crook and twist, was the maximum for the larch.

9) The results of strength tests for graded 2” X 4” lumber showed that there were many
Select Structural and No. 1 grade specimens. The strength values of the two grades were
lower than those for the design values. The similar tendency was also seen for the bending
strength ratio. This fact may suggest that it is adequate to apply about 80% of the allowable
stresses to the Select Structural and No. 1 grades of the three species tested.



