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AR RII KRB AL E EDBEBAR»LOHM OV, £UBRORBELYSDHNEE
DHEBEFRPRAPBEBROEBECRIETHEBEULICTHZEZANE LTk d DT
Hb, T TRETOR, BAROFERE, AEEER BEERLOREAMOWYT, &
b, EMEER IOERAUDRBRRE OMUT, EME, IEEECHS. Fl—BoRRc o
Tk, EAREMEOERLLEM LMoy, HoRBRL T
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OS5 EHTHH, KREMCKEHEHEOBEENLETIh T3 (Fig. 1), HREE X VThi 3,000
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Table 1. Outline of sample plots

Location Age Arxea Direction Tgfe Number Height D.B.H. Clear Number of

of trees length __ specimens
(Cpt. No) (ha) ~ of slope soil per ha (m) {cm) (m) tree lumber
Kitami

Av. 152 138

& 5‘3%{2 2021 242 S Bo 900 Ay18Z 188 g8 12 1
Shibetsu Av, 185 222
Shibet 3742 50 S BoW@ 80 S5 %2 125 10 55
Kikonai Av. 137 187 ‘
AENBRE 2 169 E Bo 60 AS55I BT 48 s 15
Rlerai 24 90 E Bo 700 Av185 165 g7 g3 g9
BEERE ' SD. 33 40 -
Shizunai Av. 192 175
WRETAM 263 161 N Bo 700 L5132 U5 70 134 30

S 6 HRHE
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Pig. 1. Location of sample plots.

: Ring width and basic density

J/// Slope of spiral grain

Boxed heart square 43
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Pig. 2. Sampling scheme for specimens.
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Fig. 3. Test method to measure torsional rigidity.
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Fig. 4. Method of bending test.
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2.6 BKRICDONT
& 2« DRBRBC OV THE LicEKEDOFHEL EERE % Table 2 ic—#FE L TRT, #
TRBRREOVHEKREN 18 BE LPPEWD, KESKRIIH 0% THo7eD T, FKEK
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Table 2. Average moisture contents of specimens

Boxed heart squares

Plot bending sp. compression sp. Sslgzililgl;zr Boards
Kitami 18.8 (13.8) 14.6 (3.1) 136 (3.3) 13.5 (10.6)
Shibetsu 18.8 (12.0) 15.0 (5.4) 129 (5.3) 12.9 ( 8.9)
Kikonai 18.1 ( 7.9) 15.7 (3.7) 145 (5.4) —
Urakawa 187 (7.3) 15.9 (4.2) 146 (4.6) —
Shizunai 18.7 ( 8.5) 16.0 (4.7) 13.4 (7.4) —

Note: Coefficients of variation are shown in parentheses.

3. BRLER

3.1 FHRIBLERBEHR

HFEARDH L 80-90 cm 2 H I L IO S R X % PHERIEL PHEREE
BoOBR% Fig. 51z, @M T L EREFEY Table 3 1wRT, ZZTH I Y S5cm
BAROMEaER =27 ¥, TOMIZT7 78 —HEEBRL, F10FRCEThIFFCONT
DPHETRLI, 27 —HET7 72 -HEehFhERRBHM, RBEH LS SLETCHE
LTWwWbEB2bRS, MEOFHERBMIZIAFN 4Imm, XLV 2-6mm OB 775 L
T3,

FHERELAEEFEROBRIZ A F v FBREVLODOHOHBEYRLTCEY, a7~
M, 72 ORI A—ERECHBLITHS, AL EBROLOTR2T7—HET
v & —MThHEVERBRENLVOTH BN, BEDOEHERIE: FEEEROBRITE
> TRz2%, T THELXRANET, FERBC BT 2 B8BTEROFPHELRDC Fig. 612
ALz, 2hER5LERE2-Tmm CEEFESHCEA L, "Tmm B ETREE—EEY
EBXOTHD, ZOBPDBEEIWRSHTENLL, SEBOFHTImm Hich# 16kg/
m? Thole, HBOLDIZEEOREL XHFHELABREEROBRLFAR b) KR L,
FHEEED D DX ThHHRAREN 3-10F LD, AROBFERRRTERSD, IHERRF
MEH 7 =Y 20T HERIE 2-7Tmm CHABEERIL 1 mm 7 h £ 16 kg/m® O E & TH
PtBLvIL AROEHARRLhS,

TEL® 3h 5=V OBMBLEARFEROM K E LHEMEZRDTE Y, BEDOK/INT
MHEBICLIDEZANRKRENEELZONDS, —F, ARDY R 7Hr <Y, AF, v/ F o0
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Table 3. Average ring width and average basic density

Number of Ring width (mm) Basic density (kg/m3)
Plot sample trees core®)  outer™® core oater
Kitami CHEE T %
Shibetsu 77 ar 55 26 440 504
Kikconai = 85 4 0 %8
Urakawa 86 é‘ﬁ ‘15(7) 32 333 332
Shizunai 109 & 55 49 382 419

Note*1):*2) ; Average values for test pieces inside and outside 5cm from the pith, respectively.
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b) Reported in other studies.

H Abuta, n=6, MIYAJIMA (19701

## Sapporo, n=3, Ko1zuMmi & UEDA (1987)%)

B Eniwa, n=8, MIYAJIMA (19799

# Teshio, n=10, KorzuMI & UEDA (1987)32)
E/M Tomakomai, n=3, KoizuMr & UEDA (1987)%
A Tomakomai, n=5, MIYAJIMA (1985)11)

# M Honshu, n=22, NAKAGAWA (1963)13)

Number of sample trees.

Ao &

s Xo@eDpOm

6. Relationship between ring width and basic density.
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THEREEBMROBMREYFHRIMER, FRIEN 2mm U ECZoMinc - T, BRI
FHE - T Y FEORBWML, —EBECES CERR L, BEIRLLM, KHRETH
LRTERBLAREEROBRICISFHELTWB Z L3l 5,

B—ERIEC R 2 EBEERIRIET10kg/m® < H B, Aziltflors <
ik TELY WAOLON B EEHICLENTESD, ThiIIBHROEWRE, BEDS
WIEEEHERC IDEEL bR, TOXSRERBLEBREEROBGREYRD, —E0E
BE (X 4mm) RET2ARBERLLK TS & C, Ky BELOMEFRMEHI S 5 BRE
EThs,

SEDOELLERINRBRTHBLEEAMIL, FOREFR=2T7 -HThD, £2T, 20
BHOEBEROEBLE L AD D, BREMRBRK OKD THHSHEE TO 145K
BOERBYHE L, RELERSUEROBIERER - OHRE W TARE TH 5D TR
L koA OFEHRES LERE R te, EERAORMIEL D3 74— 7 (b EfH#H Lim,
28m, 45m) AN CTEFERECETHAERBOFHEL RD Fig. TiwR_R Lk, Tk
Bllm Lo RRLTUEROFHRBIINIE CENL bmm B THH. TOHK, FRIE
XML 2, SERATRAERX L STOBLEETAEANRRONS, 2-5FRHBOLEREIINK
A TREL BRIIHMOBENELZ LIS,

BAROKDT TR I0FRE, L5, MWOKDI T IFRBCEREOHINARZDLH, A
BADHDVEEROMG(IEHRLELO IS, COHRIHRAKRKO I VEVWNBETIRERTSZ
EMTE Fig. 7), IEOLATHRRERNREIRTWH LAibh 5, FIREDRHIE
ERBRNORFTCOWTILE - BROBEBLLZLHh, FEARERETRAE, ich ok,
FRREY 45 mm GRBEDZENTELZLEZRLTWA,

SR 45 m CRPEROFEHIFC 2mm O ENH TR #ERH, LHORI TRz D
BITELLBEROMENRARh WA EB 2 bhs, £ERBBELCE I BEMTILR,
W OKSHER, LA, BROKRIZHEE - Tt Abhb,

3.2 WM#EMCONT

# B8 90-100 cm DO PRI >WTEIRER X » THIE L BERMORKME & FHE 2
Table 4 ©i™d, MEEMOEHERIHRAEDLOBFDRKERSEEE TR L, AT
WERBTRAER L - o BEA L, —HO b0 Z EEICE U S &\ o fo—BE RS
AL, WAFDOFHTA0-T77 O BRARS 2-5 FOTVRBER CRABMERAM LR LI,

3.3 ERCEBZEOCEMALOOT

EAHORRERICIBENRER D% Table 5 /-, 2 TEIHIHFENEIX3m Ay
THE LI AHMBEC W ITORARREREMRIYU L VOEIRCBE L 0T, MaiX
(M%Oﬁhuﬁ%@30@%%~$EK&Lk&?%D@%TL&m@ﬁtﬁbﬁitt%
BTH5,
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Fig. 7. Relationship between cambial age and ring width.
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Table 4. Slope of spiral grain of sample trees

- Nug;ﬁar Maximum slope of grain (%) " Average slope of grain (%)
ot
st::gsle Av. S.D. min, max. Av. S.D. min. max.
Kitami 111 6.94 1.74 25 11.8 3.64 1.45 1.2 9.8
Shibetsu 100 7.89 2.70 35 19.3 392 1.78 1.5 10.7
Kikonai 81 7.16 1.90 36 16.9 415 1.62 1.2 9.1
Urakawa 98 773 1.82 3.6 13.8 491 1.66 13 9.6
Shizunai 134 7.44 2,15 33 16.9 4,20 173 1.3 9.2
Table 5. Seasoning defects of boxed-heart squares
Plot Number of Twist (%) Bow (%) Checks
Specimens Ay SD. min. max. Av. SD. min max. (%)
Kitami 112 036 013 0.06 0.69 027 0.18 0.00 113 83.0
Shibetsu 55 026 015 0.03 0.69 023 0.13 0.00 0.58 81.8
Kikonai 34 025 0.09 006 0.45 0.19 0.13 0.00 0.58 93.3
Urakawa 55 025 0.08 007 0.50 021 0.10 0.00 042 68.4
Shizunai 71 026 010 006 0.54 021 0.13 0.00 062 76.7
LREAN CHICHEL ShHRRE ., : A
VAR OREER OBy KE | e .
~ : : o
CEGFTUBEELORBD, WHCLE 7 | T
> ‘0o 7
REXDEN T <Y ORMEERITHI OB 5 g @ 00
3 IO . LT S
B > TRESERL, RAlfgm F e,
o o:
BOMBMEL —E LWL, #HL0H TR
LR :
MZ X - CHEMERRRRRD 2 L 2RE ol foom
I :
gnf‘/\z}%)" LTCﬁ;OVC’ Eﬁ#@ﬁh TR 1 I i 1 i1 It | ! Lo
5 10

THARDORAMEEMN L OBER S TR
THZERELWA, AEOMCIIEN
NHHEBER ZEDdbh: (Fig. 8), #7481
LIS o A #k53 DH DIEWRDTRVDI, &

Maximum slope of grain (%)

Fig. 8. Relationship between maximum slope
of grain and twist of boxed heart

squares.
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EREOEHMECIEL TCWihafctEL RS,
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POBRLAVHERCELZDT, BRKTHO5cm LINOESTHHLEEL D,
CDXOIRN TV LDREAN TRERCH S EWEHEEREET LR oD, S
D JAS i X BB T TRFHREDLORBMN B L5 TH B,
3.4 WEDONHT
Eﬁﬂ®4ﬁﬁmﬁﬂtﬁﬁmmmuroﬁ@ﬁk@%T%ksmﬁ?oHﬁﬁ&&w
cm KO THRIFLOEEMB/AYR L T 5, B 3EHHROMEXE DO EE 150 cm O
HCBhBETHS, BABLISE VR RHMCIBELBOhAL, & iz
SHEE COBEBENERTYH 0cm BE L/nncdTH 5, BEOHR TIXE D 7-8 Hpils
mm P TFTOREZTHAHZ EN|EIRTVEY, SEOKEREZEFLDIITHI S~V D 105cm

Table 6. Description of the knots appeared on the surfaces of
boxed heart squares

Plot Number of Number of knots* Gmax (mm) é1s (mm)
o specimens
Av. max. Av. max. Av. max.
Kitami 112 10 21 18 47 24 62
Shibetsu 55 10 25 19 58 25 61
Kikonai 15 9 18 17 40 20 46
Urakawa 19 13 31 18 40 24 62
Shiznuai 30 11 21 17 33 21 54

Notes *Knots in 150 cm section ; Knots less than 10 mm diameter are not counted.
¢max: The diameter of the maximum knot;
#15: Sum of knot diameters within 15cm section.

20
Sample size: 604

15¢
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= ]
oy B
-] _
g 10[. ........... [ S P PO A ORI
v — ]
Sl
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0 | bt 0 bt

10 20 30 40 50 60

Maximum knot size (%)

Fig. 9. Histogram of maximum knot size.



Table 7.

Mechanical properties of tested lumber

Boxed-heart beam

Boxed-heart column

Small clear specimen

Plot .
() B 8 Ok ot oy (e EIC (o SO (eglem  CA (om) () SO (tomd “fegiomd) _(glem)
Av. 64 454 693 171 347 62 115 68 440 271 81 57 55 442 TRT 302 653 368 84
Kitami. SD- 12 .03 122 34 49 08 27 08 .034 30 1.7 12 13 040 148 5 92 46 11
(112)  Max. 110 548 957 289 466 85 183 95 540 351 140 93 100 544 1119 470 850 467 114
Min. 42 380 373 82 228 44 44 51 357 214 40 28 33 .340 302 202 386 227 56
Aw. 49 543 881 228 404 72 124 50 528 338 1.7 60 37 557 999 450 847 500 110
Shibetsu SD- 12 040 166 56 67 10 24 08 .040 38 33 14 13 055 202 81 115 .79 15
(86)  Max. 88 .624 1348 376 575 105 180 76 633 435 180 100 7.7 644 1328 622 998 635 146
Min. 30 .51 539 114 250 55 7.3 35 .433 258 40 22 16 440 540 269 450 305 65
Av. 63 483 920 216 399 63 146 53 475 302 96 57 54 472 814 341 704 394 94
Kikonai SD- 12 034 145 54 57 07 24 12 039 35 41 10 12 086 176 61 120 70 14
(15  Max. 85 558 1221 330 502 7.7 197 71 570 373 200 84 75 .600 1132 446 985 574 125
Min. 42 436 684 127 313 51 109 35 422 251 60 41 34 .393 558 243 533 318 76
Av. 69 437 685 137 328 67 103 65 429 256 98 62 . 53 .432 724 305 633 346 82
Urakawa SD. 08 027 81 27 32 07 19 10 024 23 18 1.3 08 028 114 62 60 35 7
(19)  Max. 90 492 817 178 379 84 147 81 .469 311 120 80 7.3 480 925 421 726 414 92
Min. 54 .393 491 100 267 54 75 34 386 22 40 32 38 .38 522 218 528 275 61
Av. 53 468 800 180 374 66 124 50 .458 283 106 58 &1 .459 776 323 672 319 89
Shiupai SD- 09 027 66 35 42 07 24 12 030 19 23 10 09 036 13T 52 108 49 10
(300  Max. 74 535 992 249 461 76 177 65 530 325 150 77 73 551 1029 403 877 483 112
Min. 41 426 632 124 281 50 9.2 22 409 237 70 37 29 .384. 218 393, 294 T1

55.3

Remarks n: Number of sample trees, R.W.: Average ring width, S.G.: Specific gravity, osp: Bending stress at the propotional limit,
G: Torsional modulus, ¢c: Compressive strength, C.A.: Cambial age of the test pieces, r: Distance from the pith, z:
Shear strength. o

86§

FREHWRRELEE YRR

HE1E FWwH
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DEEMMOBE, RARKIZ 20% BE (Fig. 9), £EFELIX60% LT oEY & HERE 10mm
UEofizsXF15cm BRETHERSEE X5,
3.5 LEFEAHOHBEHER

BERBOERY —FE LT Table 7 1Rd, o & CHITFHEL EREIIIE 4« 0#RAKRD
290 RBBIEONTELIEEROPHE Lo, 200RBRERIEHEHINERBOT
»HM, HEOBIEMIEDLhIh -, FABM BRI 3 T CHIE LEo T
X o, ‘

Fig. 10 3FAHOKERE L A—HARD 2 7 - HOBREEROBFRL R THAN T
»b, FELBRIAEEEROIRIFI8L M LERLZ LRNTE S,

TS RRBEMER O ) O BB E R T L ORE M -1z, 7 Fig. 11 o
ECRRER LIS RUOBADORTII, BRAMECETHIICFERACHEET 2 X 5 /B
WREpiZ < Bbh, ZORBHIRBEORVHBOMTFRI~NOFHIIIWEELLNS,

3.5.1 HEROBESH

BLRRGFEDOEN S LIERDLDROWTHE, ¥ v /7 HREBIVCHMTRIOHES T
% Fig. 12 R L, Bk e, BHRARIFHREEARD 5 bHEBRHERDORL D
ONLEASHIDOTHBHN, E, vV /7REREDICBEERIBCHE - TD, AR
BAKIIE 4 DR ERFEORKHMROT, MIFRIIIBBRAIMEI b LELDRI, V4
TAGFEB LD THRS EFEARRADOELRLRLTE), COBEIERDPHLEEL
T HRBRWZ Ehbhd,

FHAREBC L5 HEGEED 5% TRIEEL 7 5~ Y HOHFBIGNED »HHRDICTR
{#E% % Table 8 w7, {LRDOIDDOMIPFBI LR VT, #F, HEMBIIEBBEN OB
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Fig. 10. Relationship between basic density of Fig. 11. Cross section of a bending
the original trees and specific gravity specimen.

of the squares.
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EEY T LT, R LY v 755 Es
LT, BRED L DOHEXEME (90 t/cm?) > F
Bl 57230, #a B CERE, kRO ok
HAVNS S BEMERD DI 1T,

3.5.2 MiNMBEEECRIZITES

LR O TR ET 5 Hio B
WAL, EE® OWRENS b, fic
LHMEKAL »HRATOBREOIL NI RE
ETeESE T3 A BHIRTHS, 20
X5 B, S —RRAC B R & HEE D BS

BB DR T B, % S 0EH TR

Table 8. Fifth percentiles of mechani-
cal properties of boxed heart

squares
Compressive
Plot MOR strength
(kg/cm?) {kg/cm?)
Kitami 267 222
Shibetsu 294 276
Kikonai 306 245
Urakawa 276 218
. Shizunai 305 252
Lower limits* 270 210

Note *Derived from allowable properties
for structural use?,

HOERMLOCHETH D, 3.4 R~ X 5 CBARIIL 20% BB T, HE D5y
sV, L2 THRPEEK (B & HTREOBREAIHS, fic X5 HEETRBEOACIRA
otz (Fig. 13), ZHIZHILA O R GOFERCKRBHM O BE HEI /NI WZ LD bicfio
HEBIZENCbwicdEB Lz bhs (HTFHEIOKREWLHO L O TIREHRE & MiFH
SOt b ADOHBIBIRA RO R %), Fig 14 32RBRAET 2RI L fFas
DA THAH, HRLELMTFRIOTREL OMCEFRIZED SR, b, 25~
DOLEEAN TR X T BEXMITERVWES LS,
REMBI~NOHECOWTE, HEXHEXRAL R LBA0BEEWMEYRTC &
NEDLRTHBMWN, 5 5<YDRE, BOBRERIPRVWOTRRE~EHOREERLY Z 2
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Fig. 13.

Relationship betweenfknot size and bending strength.
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5 &, BIEEH 202 TROBED 5-10% BETH Y, S L2HEETIZ10% UTThaLE
Zbhs,

BIEEH & BIMT AR AR oM HEBRIXB D b itk - 1o,

3.5.3 mMEHEOESR

EEIREE X 5 BEEMIIHE» OB EMc @Y - CTEHT 500, LREAHOMELET
BgEOEAF AR —EL T, BRAOERILIRETH S, BEEMNCIZ2BHNLTR-
TUwigWitROFEREKRIOWT, HRAKRKOBRRBHERM L EAMOMT, RoEECHEYH
NT R, HEBFRIEDShid o1,

3.5.4 HEWNhOES

DR CEE LR X AHEShoMT, RYBRCRIETHELHAI TR, F08
R, Hhe sy v 7, fFRIOERIIRLARI -1, BEOME~OHBE KX
TEdbhols, ChLOHMNIIHIBOBRICE TS Z ENSVOTHRVAELZLLETS
®BZEHRFHREIhD, Fig 16 REh OB & Bhv o 39k 3 R3 (G OB Ry B0 Ty
ECRLI, CZCHREDESE, HhoButdhos CHEoREELTV3, SEhoBn
BLTH GRAPEVET LRV, BhokdBr s GoEIRZWZ E2b25, FHT
HEBT5EARPECLES, Glr10% BERA TS EE %25 (Table 9),

3.5.5 MRMMCKIBREEEDOTN

BEXRETD 72— 2L LCPHERIE, SEHE, B0 v v 75058y EFf,
ZCERBIEE2SIRAMECT A LeBB EOER I OWTHIE L,

Table 10 12 2B 231 KOV TOHBUEBOHEETHS, 22 TGCREHARODSBHH
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Fig. 15. Effect of checks on torsional rigidity.

Table 9. Effect of surface check on torsional modulus (G)

f:
Plot Surface check . G+/G-
G n G n (%)
Kitami 6.43 194 5.86 137 91.1
Shibetsu 7.60 83 6.72 77 88.4
Kikonai 7.04 11 6.18 34 87.8
Urakawa 7.04 39 6.09 18 86.5
Shizunai 7.00 54 5.89 36 84.1
Av. 6.84 381 6.13 302 89.6

n: Number of specimens.

Table 10. Correlation table

MOE MOR ac G
R.W. —.385 —.483 —.620 —.203
S.G. .598 .630 775 .545
MOE 1.00 .818 741 281

R.W.: Average ring width, S.G.: Specific gravity, g.: Compressive strength, G: Torsional
modulus.

Table 11. Results of simple regression analysis

Independent variables Dependent variables Regression Standard
Item Range Item S.D. equations error

Average ring width 3&‘}“1)'0 oo (kg/em?) 439 Y=—225X+427 344
MOE (t/cm?)  16.1 Y= 166X—28 126
. . MOR (kg/cm?) 631 Y= 682X+ 40 46.0
Specific gravity -380-624 e (kglem?) 439 Y= 586X+ 16 27.0
G (t/cm?) 1.06 Y= 109X+17 .889
MOE 37.3-134.8 MOR (kg/cm?) 631 Y= 3.00X+137 34.1
(t/em? o (kg/cm? 439 Y= 1.86X+146 28.7

Remarks o¢¢: Compressive strength, G: Torsional modulus.
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Table 12. Results of multiple regression analysis

. R Multiple correlation Standard
Regression equations coefficients error
MOR =246 SG+2.58 MOE+51 .835 32,7
0c=429 SG+1.17 MOE— 6 849 226

MEMBIRKERELOHBERKRE 5%, Table 12 @R LADIRKE, ¥ v 7B E0OTE
EHRPUERE LIcBAoMmS, REMBIOBERRN TS, HIFEIOEBRMIT Y v /%
BoRTHoThdN, #EMBIOHREIL2ERC X ABEBRRY A\ H o NEE T
Z EHbhb,

SIET MR (G) RHE L OHBEAKRED -2l G OBETRL, KO HOTHT 6-7
tlem? TH oo, Lichio TROBELCEET HHMME E/G i35y v 7 RENKEVWBEY
BnC—&r 12 & LTET xRV EELS,

3.6 MRANERE DR

DR IEAM O MTFREEE, SERESLLBRR LEERARFCOWTIT ok ERBRD
R Table 7 HlcR Lic, RAoB3ILR 130, £7 104, K&K 16, T 19, # P 45 0
34 ThB,

3.6.1 MMDOERY, EREAEDOMR

AR IRBEBT RN L ORMBLEVWE RO hcD T, RO LOERK, HlE: B
HEOBBRLYANTARL, 2T, HEMBFOFEAVS LEREOERE L IBEEDCEE
PEYRETCELVOT, FHEOKELECHT AL (LBE) ¥ o, 318508y
EREEBEORBRIZREM, RRBH TEXRWELZLRZDOT, RBEZChE b A
WHRTWD X 5 CREM, RERBHOHEEBTEELELLRDED,

Figs. 17, 18 i b OFRE, EME v v 755, KEREIOBEY T L, Rbic
BRCTRLEERIREEY 7 < Y HBH KOV THE IR TWAHED Th 5, Hh 5 OERK
EHBEORICIERNILABGRNR RS h, B CET A HRBEMIMISFEL LB 0
T&%, THhICH LE»S OBREOZRIZHAL Tk (Fig. 18), REAM~OBITICOWT
RRENOERDRLEBYDREOBENEDLRTELN, KE® ZAFEOWTERRREL
TBETCLHBRBRTHIERITDLLRVWERE L TR ), SEOKERIMORBCIIERY
BERTENTHI L 2RTIDEELD,

Table 13 (X820 15 FiH ¥ COFPHERL 3 1HOKEXAVCHELLL DO TH
5, BEE, #8006 0EMTHREMN, RRBHEL2EST0THIE, » 5=V 0B, Hr
BEE8em OFIRLRRBHBERL THONHEULEL bhD,

YT R BNI R T T RENEZ L D B AP, MM LS OFRE, El
E OB BRIRRD bR o I,
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Table 14 (3 PHERE, SELE, vV /7R EBESECERETH S,

1RE LTHT Y v 7R R L T BRI ONROBAR Y Fig. 199 wRT, 22T, K&XQ
WETELLLOER, O EONEEEERER) X5 EERAK (RABREES, FiHk
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Relationship between distance from the pith and mechanical properties.

Table 13. Average radius at 15 years of cambial age (cm)

Approximate height (m)

Plot
11 2.8 4.5
Kitami 8.09 8.23 8.28
Shibetsu 7.42 6.82 7.04
Kikonai 7.09 7.09 —
Urakawa 8.60 8.75 8.22

Shizunai 7.16 7.64 759

347
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Table 14. Correlation table for mechanical properties
of small clear specimens

S.G. MOE MOR ac s
R.W. —.677 —~.728 —.667 —.725 —.548
S.G. 1 794 .887 .932 .893
MOE 1 .856 .880 626

Remarks R.W.: Average ring width, S.G.: Specific gravity,
a¢: Compressive strength, 7s: Shear strength.
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Fig. 19. Relationship between MOE and MOR.

J: Specimen whose maximum slope of grain, average slope of grain
and twist are 5.0%, 25% and 0.17% or less, respectively.

BRI HE L 0Nk ENS T,
3.7 BHORBER
RBFER% Table 16 @i ¥, b REOLK L LHIED 18 FixMiFRBROBRAE— 2 v |
KB EIH D - foh’, MBHIZRKR TS 30% BE LN, SiREEfTFEI OMBEFRIIR
dbhighole, By v 7&E (¥ v 7REOKELECHT 5 1) 3F Tl R 195, +5]
222 LREFEH S < Y RDOWTOMHE, 2009 Tl L, Hretiod ol E/G 4k R#
HoBBERZRTLOTH S,
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Table 15. Mechanical properties of flat-sawn boards
Plot R.W. SG. MOE asp MOR G EIG
(m) {(mm) {t/cm?) (kg/cm? (t/cm?)
Av. 5.1 463 89.8 214 518 71 12.9
Kitami (9) Max. 5.7 . 49 100.5 264 555 82 16.5
Min. 4.5 . 43 82.6 188 487 6.1 10.5
Av. 3.3 .601 133.1 357 700 8.7 15.6
Shibetsu (30) Max. 5.6 . 67 143.0 413 806 11.7 18.2
Min. 2.3 . 55 127.0 318 544 72 11.2

Remarks n: Number of specimens, R.W.: Average ring width, S.G.: Specific gravity,

3.8 MAHMEMRRAMEHITIHERD LK

Table 16 (L DEFIEAH & iRM OBBHBE LA —RBRGEOEXRSIRBRCOWT B
PEMBERTHHTR LD TH S, EAMOERSAM KT % ME iz # X ©048-
0.57, HEEMT X T 0.69-0.77 TH o, LHED I DOBELIF/PE WL, 3.5 fick
NfcX o, LHOIODOEBEEENKE ) - DR HitE DR AR X 5 BEBERNSZRY
CitolcledbErbhs, MY v 7REC2WTiR -7 v £03k &85, FHECHET
b EEAMEEBREMTRE EW hole R LERSERFOMTERT EGR 12 L

Ba, 7% OBKBELREREA T 35),

Fig. 20 iXIEAM OBIETBHERE & MR EAHM OBIBIBMI LK L b D TH B, 5V %

BAREWA, FRRMERNER (r=2502) 3B Db hi,

gpp: Bending stress at the proportional limit, G: Torsional modulus.

Table 16. Ratios for mechanical properties of tested lumber
to clear specimens
. Specific gravity MOE MOR ¢
Plot
B.HS. F.S.B. B.HS. F.S.B. B.HS. F.S.B. B.H.S.
Av. 1.023 1.032 0.966 1.349 0.532 0.783 0.741
Kitami
S.D. 077 015 224 116 .088 .065 .095
Av. 0.972 1.124 0.915 1.443 0.482 0.861 0.685
Shibetsu
S.D. .073 119 181 .268 078 JA14 096
Awv. 1.018 — 1.091 — 0.564 — 0.769
Kikonai
S.D. 063 — 217 — 0.58 —_ 066
Av. 1.008 — 1.006 — 0.535 — 0.752
Urakawa
S.D. 0.39 — 187 — .060 — .067
Av. 1.018 — 1.061 — 0.569 — 0.749
Shizunai
S.D. 0.59 — .166 — 126 — 0.71

Remarks B.H.S.: Boxed heart square, F.S.B: Flat-sawn board, gc: Compressive strength.
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Summary

Growth, density and mechanical properties of plantation-grown Japanese larch (Lariz
kaempferi) were investigated. The materials were selected from thinning crops of five sites in
Hokkaido. Details of the sample plots and the number of specimens are shown in Table 1.

Two disks were cut from the stems for measuring ring width, basic density and slope of
spiral grain (Fig. 2). The remaining timber were sawn into boxed heart squares (10.5 x 10.5 cm)
and seasoned to provide materials for testing mechanical properties. Small clear specimens
(2.5x2.5% 40 cm) were cut from the squares after bending fracture test and used for determin-
ing basic mechanical properties following JIS 2111, 2113 and 2114. Obtained results are
summarized as follows:

1) The relationship between average ring width and basic density of the core wood within
5cm from the pith was similar to that of the outer wood.

2) Basic density was found to decrease about 16 kg/m? with every 1 mm increase of ring
width in its range of 2~7 mm. Although this gradient was common to all plots, the basic
density at the same ring width differed nearly 100 kg/m* between the plots.

3) The ring width at the breast height shows 6 mm at the start, reaches the maximum
growth at the second or third ring and decreases gradually afterward. The environmental
effects were thought to be dominant on the second to fifth rings in which the difference of
ring width were large between the plots (Fig. 7).

4) Effects of previous thinnings were observed as the retained growth in several rings
(Fig. 7).

5) The ratio of the specific gravity of tested lumber to the basic density of the core
wood of the corresponding tree was 1.18 on the average.



n 7= vERMONENER (MR-EE-FE) 353

6) No correlation was found between the maximum slope of grain of the corresponding
tree and mechanical properties of the squares.

7) Distinct surface checks due to seasoning occurred in 80% of the squares and induced
to decrease torsional rigidity by 10%.

8) The average diameter of the maximum knots, the sum of knot diameters within 15cm
section and the average distance between knots (¢ =10 mm) were found to be 2cm, 6 cm and
15 cm, respectively. No correlation was found between knot size and lower 5th percentile of
the modulus of rupture.

9) Test results of mechanical properties are shown in Table 7. Though Young's modulus
was found to be the best quality index for modulus of rupture, it is recommended to combine
specific gravity with the predicting parameter for more accurate estimation of compressive
strength parallel to the grain.

10) The mechanical properties of small clear specimens were discussed in relation with
cambial age and distance from the pith. As a result, the transition zone between juvenile and
mature wood was found in the vicinity of 15th ring from the pith (Fig. 17). The average
distance from the pith to the boundary was about 8 cm, though it had a large amount of
dispersion.

11) The strength ratios of the squares to the small clear specimens were 0.48~0.57 in
bending and 0.69~0.77 in compression.



