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O FE <
(Togakushi)

O#IR
(Yabahara)

@ fHE
(Iida)

Ok A
(Saku)

Fig. 2.1 The distribution of sample trees.

(O): Sampled plantations
@ : Major cities

Table 2.1 Basic information for sample trees

Sanple : Clear
tree T(riili%e H(elg)ht I?BI)_I length
Ko years m cm fid
S1 106 31.0 70.0 14.8
S2 106 30.4 66.0 16.8
S3 106 325 72.0 14.3
S4 106 30.6 46.0 13:7
Sh 106 30.8 48.0 16.9
S6 106 30.3 44.0 19.0
Y1 73 27.2 54.0 11.6
Yo 73 31.7 46.0 137
Y3 73 28.2 44.0 11.0
Y4 73 24.0 38.0 155
Y5 73 312 36.0 16.4
Y6 73 23.1 34.0 13.1
T1 70 24.8 43.0 14.0
T2 70 248 | 240 13.9
T3 45 328 | 40.0 12.7
T4 45 290 | 400 139
T5 45 29.0 28.0 19.6
T6 45 294 24.0 24.1
TO1 87 — 32 —
TO2 87 - 43 —
TO3 87 — 36 —
TO4 87 — 32 —
TO5 87 — 41 —
TO6 87 — 34 -

S, sample trees from Saku;

Yabuhara ; T, sample trees from Tera ;
DBH, diameter at breast

trees from Togakusi;
height.

Y, sample trees from
TO, sample

14
it i S2
g
10 -
é 8
-::‘i S-') .
P>l n 1 ‘. = !
L .o 3 I ! -
3 S6 | 8.0} 1 ! S1
S4 1000 S3
I S N A EEEERR
18 fRitRiRl
B | N |  HEEARNEANREN

42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72
Diameter class in breast height (em)
Fig. 2.2 The distribution of diameter class in breast
height for 106-year-old Japanese larch plant-

ed trees.
< ot L
LRI P 20
AR, R S il [y 5@
T 7 (R
, B — )
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Photo 2.2 An example of soft x-ray photo.

VEABEM R H T,

FEER S

LTofRARKCE T, HEEL 2mhb, HEA
EMTR4dmBEic, BF, FREMTIImEBE
i, B XH10emo P82 EA Ui, BERAAR O FEiGHE
B, RXBF v b2y CKH, 1970 ;
Schweingruber et al., 1978) © & » TH#H~7, FHik
L7cadBi i~ (Photo2.1) #ftaA L, fHREE=E
BE L ik X Ao 28 o X E R 2 e L -
(Photo2.2), MXAREH ORI R, #H 7 4
naia gy XTL (EEFLAIED, WHSEERME: 2.5
m, EWIEFITRV, 13mA, HEHHEER 4 30 TH 5,
BREDOXIRE 7 4 v A INFEWELELE <1 7 =
7 v b A—=2% (Joice Loeble type I CS) TH#lE
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Threshold of
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latewood
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Fig. 2.3 Annual ring structure measured by X-ray densitometry.
EW, earlywood width; LW, latewood width; RW, annual ring width; MAXD,
maximum density ; MIND : mininum density.
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vy 2 —2THEL, BbhiMEBEE TR
iE (RW), B#iE (EW), BHiE (LW), Batf=%
(PLW), FE#mEE (RD), % AK%E (MAXD)

¥ X OR/INEE (MIND), BHMEE (ED), Bt
#E (LD) TH 5, Ith, KRIX T, —F&Ho
VEEXZEEL, ChEFEREELERT 5.

2.3 BRELIUEE
2.3.1 HHRigE L FREEOBBRNVEAMOLE)
Fig. 2. 4ic e A FE1065E 4 (AR 0 B SR AL o F i
i8(@), FHMEEO)DORFL(ET T, FiniE BEM
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L e b, TR E LR Em L s
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A (S1, S2, S3) BEEEBENOESDOEAK
&< Rbhi.
—7, EREE, FRiEL e, BEfHETRE
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Fig. 2.4 Variation of annual ring width (a) and ring
density (b) in the radialdirection for sample
trees of Saku.
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Fig. 2.5 Variation of annual ring width (a) and ring
density (b) in the radial direction for sample
trees of Yabuhara.
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Fig. 2.6 Variation of annual ring width (a) and ring
density (b) in the radial direction for sample
trees of Tera.
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Fig. 2.7 Illustration of the boundary between heartwood and sapwood. H, heartwood ; S, sépwood.
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Table 2.2. Ring numbers in sapwood for each
sample trees

Source of DBH of Sample |Ring number

sample tree |sample tree trees in sapwood
S1 14
Large S2 14
S3 20

ku  beeeeemeemeeeeenfe 2 LS
Saku S4 25
Small S5 32
S6 27
Y1 9
Large Y2 14
Y3 10

Yabuhara be----coeeceemmepocememiea S 2L
abuhara ¥ i
Small Y5 15
Y6 16
Large T1 12

Tera?0 o™ 17 R 157
Large % 2 190

Terads  [-rooemmemmmmmmeebomrse e e S e
Small TS5 16
Té 14

Large, sample trees with large DBH ; Small, sample
trees with small DBH ; Tera 70, 70 years old sample
trees from Tera; Tera 45, 45 years old sample trees

from Tera.
30
25 —o—Large
—o— Small
20
B
—g 15 D/\/
z
o 10 F
k=
-]
5
0
45 70 73 106

Tree age
Fig. 2.8 Ring numbers contained in sapwood for vari-
ous tree ages. Large, sample trees with large
DBH ; small, sample trees with small DBH.
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Fig. 2.9 Thinning treatment for S3.
Vertical solid lines : the thinning time.
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Fig. 2.10 Variation of earlywood and latewood width in the radial direction for sample trees
of Saku. RW, ring width; EW, earlywood width ; LW, latewood width.
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Fig. 2.11 Varation of earlywood and latewood density in the radial direction for sample trees of
Saku. RD, ring density ; ED, earlywood density ; LD, latewood density.

Table 2.3 Correlation coefficients among annual ring

indices

Sample | pw pw | RW.LW | RD-ED | RD.LD
trees
S1 0.96** 0.81** 0.60** 0.71**
S2 0.96** 0.78** 0.64** 0.68**
S3 0.97** 0.90** 0.53** 0.63**
S4 0.89** 0.51** 0.68** 0.73**
S5 0.95** 0.93** 0.25* 0.75**
S6 0.93** 0.93** 0.93** 0.93**
Y1 0.82** 0.74** 0.05 0.86**
Y2 0.95** 0.88** 0.07 0.70**
Y3 0.96** 0.81** 0.43** 0.68**
Y4 0.98** 0.86** 0.20 0.56**
Y5 0.99** 0.89** 0.07 0.77**
Y6 0.99** 0.90** 0.30* 0.71**
T1 0.94** 0.34** 0.49** 0.53**
T2 0.93** 0.72** 0.58** 0.67**
T3 0.96** 0.73** 0.07 0.69**
T4 0.95** 0.69** 0.15 0.79**
T5 0.87** 0.74** 0.02 0.56**
Té6 0.97** 0.90** 0.34* 0.44**

*Significant at 5% level; **significant at 1% level.
RW, annual ring width ; EW, earlywood width ; LW,
latewood width; RD, ring density; ED, earlywood
density ; LD, latewood density.
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Table 2.4 Average ring components for each sample trees

75

Sample Ring width |Ring density Percentage Earlywood | Latewood Earlyvsfood Latew.ood
tree No (mm) (kg/nt) of width(mm) | width(mm) density density
latewood(%) (kg/m) (kg/nr)
S1 2.61 524 37.1 1.66 0.95 357 882
S2 2.37 558 39.5 1.49 0.88 383 903
S3 2.75 496 34.6 1.78 0.97 340 875
S4 1.87 535 37.5 1.18 0.69 369 888
S5 2.05 514 41.1 1.18 0.86 320 842
S6 1.90 600 46.1 1.07 0.82 406 887
Y1 3.00 530 30.7 1.88 1.11 363 909
Y2 2.78 502 34.2 1.97 0.81 329 923
Y3 2.76 515 37.6 1.77 1.00 344 886
Y4 2.68 517 38.6 1.71 0.98 282 915
Y5 2.54 521 36.2 1.68 0.87 356 903
Y6 2.43 566 40.7 1.52 0.91 384 891
T1 2.72 547 37.1 1.74 0.93 380 830
T2 1.67 566 42.4 1.03 0.63 388 826
T3 4.01 510 32.9 2.77 1.25 335 848
T4 4.13 503 32.9 2.92 1.21 338 837
TS 3.21 496 33.0 2.25 0.95 317 858
Te6 2.48 551 40.1 1.57 0.93 385 835
5 —e— 106 yeara (Snku) —o= 73 yoars (Yabuhnra)
—o—70 yenrs (Tern) ~a= 4% yonrs (Tern)
4t 1 8
_ 71 Ring width
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Fig. 2.12 Average ring width of all sample trees. % 500
i 400
600 g 300 |
©
500 } 2200
&= 100
400 0 PP

300

Ring density (kg/m”

200

100

S1 S2 83 S4.S5 S6 Y1 Y2 Y3Y4Y5Y6TI T2T3 T4 TS T6
Sample trees

Fig. 2.13 Average ring density of all sample trees.
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Fig. 2.14 Variation of ring width and density in radial
direction for various tree ages.
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Fig. 3.1 Variation of tracheid length in the radial
direction for each sample tree of Saku.

Tracheid length (mm)
[~

0 10 20 30 40 50 60 70 80 90 100 110
Annual ring number from pith

Fig. 3.2 Variation of tracheid length in the radial
direction for each sample tree of Yabuhara.
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BEHOMITEBL TR oA BaRn L oRERS)
1D MBS H TR,
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THhHd,
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B & Dl HAT - 12

4.2 MREFE

4.2.1 SEERMHE

BTAELEHD 7 ~ v EM AR REFRIGT O F R A 6
6 KLU oo SRR OBE L 2 F D Table
2.LIRL T3, ik L, HEE2.2ma 0
ME2moRK1EAEZEY D L, Fig 4.1icm$ X
51, ZOAKEELEEE U THRM 28I R
Lize & DiRMo~TE:IE, BEE#2.5cm, E#15cm,
B &#200emTH - oo ’

4.2.2 EBMEIREONE

7, IR icitoRic s 5 2, Fig
423 Xk 5k, ROTHRM O LFLETOD
FERE L FEBE R BIE Uic, SEVKOBII I8TELE T
Bot-id, MEEL 2mofBE ST HEROK
O T 2 D W FERBUI0OEU T Th - 1o,
Rt, B 1997 ARELHERRVT
g (Fig 4.2) BE®RDI, ¥, 5l
RABRTIEEIND A VNI D BEMEEIZ D
THERE S mPl bofioik, fE, KEIFIEL
o ThbOBEMENORAREFEEL, A
iR, sAMBEERIL RS kS, 1997),

4.2.3 YV /R ESIEREDHEIOHAE

WH OB v v 7 (R 5% # 3K B 5 (Sobue,
1986 ; A D, 1990) =X b JIE Lic, BIERABRRL,
WERERM O BREWERE (BHKES, 1996)
CHU T, EROEIRAGIERAERE (ARET3eR
NET-501E) #F\WTiTotco SRERA -t v i2100cm

2.5cem

<>
15 cm
— %
: Z
f f
“«——— 200cm ————»

. Fig. 4.1 Sawing method of the lumbers.

T, WEREEN3~50Th5, BEE, BIELR
froEfE /AN v T ARERRL, fEHRIZL hEK
FRRPELIH, TOEHIHEIZI3.8%TH -7,
SRR, BHBREOIIEL 1L v A
IER SU/INABR R R 3T ORI L oo ER SUNABR
EORED B OFHREWIRM O L 0 & —BT % L RE
LT, ERANRBEI MR OER SR RETS
bDE Ui, BERGNEBREOEN Y v 7 {75
MIEHEC I VHEL. LT JISHEK
72112 (AEHHREHS, 1994) it - CHESIRBE
HEREARERIL o, Fig. 43177 X 51, 8RR
iz, £ &390mm, §823mm, 27V v FEECOHE X15
m, TR COEISmTHB, 2D 5 I{ERKL
ol R 2L, BB AV (B IRRAER %
Tot,

4.3 BREIUEE
4.3.1 1RMOIEEEME IS

EwmiE RW), K (D), iy Y v 7 {HHK
(Ey) ELB|E X (TS oklgKN 44 * Fig.
44T, EToHRAKRITE VT, firbEEHE
ZHgT, BE, vV /R, SXUSERDMEIX
BWinER YR L, EREBREIMERY R U, 2T
OB OB OSAENE L AL L T

[———— 15cm

R

O pith
Fig. 4.2 Measuring method of ring width, and the ring

numbers from pith. The ring numbers from
pith of the lumbers were reprented by ring
numbers from pith to the ring located in the
center of lumber. Mean ring width=(D1+
D2+D3) / (ring numbers contained in D1, D2,

and D3).
N splint straight grain
@ ""—"'—‘\{—1\. T v
TH—F ¥ ¥
4 ! ] ¢ ] % - ' I ! l 'y
W' A N 1N A D
- cross grain, screw j~chuck
" oy )
«[Tl6® 6 v @ )
- l ,' arc
[ e =
parallel part /7

Rezg

Fig. 4.3 Diagrams of small clear specimen based on
JIS Z2112.
unit : mm
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Wiz, ¥V Z7REESIER D B X ORBN O S mER
BRI PTWB2, YV 7 R0 AMNEERYEE X
DRIAOIES D EINZ L,

Table 4. 1icfEEAARR OB O FEHlE, BEE, v
v 758K, BIRY B ok RT, SRR
BB Y v 7R ESIRY B OBBNEEA WO
SfERFE CHEE (Fig. 4.4) 2R L, #t3ko
MiZ#rRobhic, £ T, KMo Y

——T01 —&—T02 ——TO03
++%#--TO4 —%x— TO5 —o—TO6

b
!

Ring width(mm)

modulus(GPa)

Dynamic Young's

Tensile strength(MPa)

0 10 20 30 40 50 60
Annual ring number from pith

Fig. 4.4 Variation of ring width, density, dynamic
Young’s modulus and tensile strength of the
lumbers with annual ring number from pith
for six sample trees.

BT 5, GG EITokc (Table 4.1),
ZOFER, KM OFHERIE, FE, vV /7R
B SRR b i, 5lRIBIITE
TIRERARMOZRNTE D b iehr ot “D XD
TEREAL D B TAARM DF R » 55 S i3 O TTEEL
X b, ARMOEIIVNIWET X5,

MG oM Oz, Zobel et al.
(1989) 1%, RKMM LIRIH O E D> 2 7
ANERB L OMiRED T v aEEAIL 54D
EIEIL 7o Ffe, YV ZEREUREER DR E X D H
BNOZETIAVNS VT Ehbk, v v 7Rz RIET
MOWHAUNE W EG X BRD (il 5, 1990),
AT CHE S eI v 2R E B3 X
BIAs, MG (1998) oilillff At s Lkt
LU T fen T h 2 B, AR il
Tt A TR D b dThH h, BHENIZS £
RO NMRS W Ll LD e bR D,
oz &, BN isyd 28000 o V- E R
P 2 S ETE 1) s o TIVFF DM Aeni LA s,
WIE, v v 2RI G M S an-F 5 M) Ak
Lico ARIAH &R 2 X Ui E Xz X »
T, MO ETIZAA T Vo — i, fEalA
Wizt LT, SMTTHHS IR B S A1 2o %
T ENbhot,

4.3.2  MERN/NRER R SRR H TR

A BRERAAR D YL 2 S FRIN L A SR 0/ IR
RO GIERIARRG R Y Table 4. 21255, AN,
SEAERTE, WL, DY v 2R, BSXUHIERY
BMRCEBEZRAbR D 572, FIHD IS DN
A —RAN A S AT BT (AR IR ER Y,
1973) ®83.3MPa &HtB L CRid - 1,

BUEAAR DT Y v 7 {85 L T8 D i S DB IN
A% Fig, 4,515, AN IBEN o2 s 5
Lo, BHHORINE D Tty v 7 {FEE 5D

Table 4.1 Mean values of physical and mechanical properties of lumber for each
sample tree and results of variance analyses

Sample trees

Variables
TO.1 TO.2 TO.3

TO.4 TO.5 TO.6 F. values

RW(mn) 2.34 2.98 2.20
D (g/cn) 0.51 0.51 0.60
E, (GPa) 12.9 11.7 15.6
TS (MPa)  56.1 52.9 58.3

2.03 2.83 3.28 4.71**
0.58 0.50 0.50 14.59**
13.7 10.9 10.7 5.30**
60.8 - 37.7 34.7 2.19

RW, ring width ; D, density ; E,, dynamic Young's modulus; TS, tensile strength; **

significant at 194 level.
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Table 42 Mean values of physical and mechanical properties of small
clear specimens for each sample tree

Sample trees

Variables
NO.2 NO.3 NO.4 NO.5 NO.6

RW(mm) 2.47 2.7 2.16 1.68 2.93 3.08

D (g/ct) 0.51 0.52 0.59 0.59 0.48 0.50

E, (GPa) 13.5 12.7 16.4 15.5 10.8 12.1

TS (MPa) 114.9 93.5 122.9 137.4 99.2 88.0

RW, ring width; D, density; E;, dynamic Young’s modulus; TS, tensile

strength.
X OBBRNERHFROSE, Biio b~ —%, BIEED WX icR\ T, EARA/NRERK L
o TN B A 2R L ico Hiht & D TR E R bhte, ERANER

R FUNEBIAD ¥ v 7R EBIR Y 5 S i
WM ERIERTH b, TXTofEKRIZ I
TREBR IR &R Lo

4.3.3 ikt & AR AU NABR IR D IR I REIE D BfR
Fig. 4. 48 X ¥ Fig. 4. 51/RL kX i, £TD
HEBURIC 3\ TR LR R OB v v 7 (R85
BIEED BRI OLH & — v IERTH D = & RS
ENDT, 6 XKOMBAROFEIEEH T, WA
L ER SRR O BB NE— I C OB Y v 7
FELBIR Y W BB LT, Fig 461073 X 5
iz, MERANREBREDBIN Y v 7 AREURE A X
D L LTents, SERANABREDTLHI
13.4GPa, #R#1312.5GPa T 7 %EV-OHXTH Y,
MEECE L WET o T,

—+—T01 —=—TO02 ——TO3
5 --%--TO4 =-x—TO5 —e—TO6
]
w0
2 25 -
E| ' | '
g 2 ' - —
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) o tie NS TERY
15 M —
% 104 %
\x,’
>
(=) o i H ' ¢
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]
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[
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Annual ring number from pith
Fig. 4.5 Variation of dynamic Young’s modulus and
tensile strength of small clear specimens with
annual ring number from pith to bark for six
sample trees.

# o ¥ ¥ {8 12108.9MPa, 1% #f 1247.7MPa T,
56%1E< 7o 5> T %, BEBNEEAIMOFMITE
T, Yy 7 HREEEREIOWERCILEL T,
b SAMENC A TR U 2, 30FEH S
LB TN A ER SRS b,

T, BT v /R ESIRY B IOV,
Db OFEB T & i & R AUNRB RO R
Baf L1, Fig. 4. TR L= X 51T, WA & ER A
INBEARD Y v 7R R A OB AN E W
DXL T, BIEDEI RT3 Zothiz, HI30E
TR ETRL, ThUBRERE—Erics |
xR LK.

24

20 e — —

16

12
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--0--Lumber

Dynamic Young's modulus(GPa)

180
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Annual ring number from pith
Fig. 4.6 The variation of dynamic Young’s modulus
(a) and tensile strength (b) for small clear
specimens and lumber in radial direction.
Error bars, standard deviation.
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Fig. 4.7 Variation of dynamic Young’s modulus and
tensile strength described by the radio of
lumber and small clear specimens.

Fig. 4.63 X U'Fig. 4.725, fifofimcf-
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iebh, VEURRIET—EIL DT bbb,
Tiebb, MBAFEAMCEWT, FIERIEEMN
RETHETIENLETHB ZERTRBLTV 5,

55 3 TLITHET L B R A oM TR 0 22
B3 2 ERLy <A TOERILL B E, AT
EHRBIS~2VENGERPHICA D, ThUEMTT
AR ET B, LichisT, BENERAEICE
Bk &RV _ATOMBEIREO N RS
TENFEDBRI, T X 5 eERE, HioBEhA,
BRI E h B KRR & RBH 0 BIE %L,
MR e EDIRRE I THEL B DD EFE X B R B,
Fie, VRIS R AR L ER SN R D
WREEAEMTIREA LR L2 &b, TIH
T v 7B B Te E O REOEFENR DI
ExEbe 5,

4.3.4 B 05K Y X RIE T oRE

Wt & ANREAE DB R b 3 X DS U B REAE
YO T B, EERHE & MO I X O
OB NEER AR T 3 Mo TRE L
7= Fig. 4.8 T X 515, BIEBRERATIRM ©61%
BEIOHHEHICTHIE L, oS, HiAsR
BRI LB e RiE3T &3 % Takeda
et al. (1999¢) &iRKIES (1999) o & —H L1,
EoiL, By v 7RE, IRV EI MoK
(Kn), ikt (Kg), fKHMEfiZEE Km),
BEEL (Ke) otHEfEzhLhRDIE
A, YV IZRE, SIERIEI LS, Mo, X
BRITERE & OREHRED 2 - 2 (Table 4.3),

Within chuck 8%

Fig. 4.8 Fracture types of tensile test for lumbers.

Table 4.3 correlation coefficients for E; and TS
versus knot properties

Kn Kg Km Ke
E -0.65** -0.48"  -0.51**  -0.34°
TS -0.66** -0.60** -0.71** -0.54°

**Significant at 194 level ; * significant at 5% level ;
Kn: knot number; Kg: knot arca ratio of grouped
knots ; Km: knot area ratio of single maximum knot ;
Ke: knot area ratio of edge knots E;, dynamic Young’
s modulus ; TS, tensile strength.

-O0=Kn -~Km

12 60
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43
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Eo 30 Sm
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R
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Fig. 4.9 Distribution of knot numbers (Kn) as well as
knot area ratio of single maximum knot (Km)
in radial direction.
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Fig. 5.1 Sawing method of the square timbers.
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Table5.1 The number of square timbers graded by sample trees, size and knots
Division | Position | NO knot in 4 | NO knot in 3 | NO knot in 2 | NO knot in 1 Standard Timbers for
of sample timeber for Total
P faces faces faces faces columns sills
trees | of longs ["13cm [11.5¢m | 13cm [11.5cm| 13cm [11.5¢cm | 13'em [11.5¢cm]| 13cm [11.5cm] 13cm [11.5cm| 13cm [11.5em
Trees I 4 5 3 3 2 3 3 1 1 12 13
. I 3 1 5 1 3 2 2 2 5 13 9
with
m 2 2 7 3 1 2 12 5
large v 13 13
DBH Subtotal | 4 5 6 4 9 4 8 3 9 9 1 15 37 40
Trees 1 3 2 1 3 2 1 6 6
with I 5 4 1 10
1 1 7 8
small v 7 7
DBH Subtotal | — — 3 2 1 8 2 6 - 8 — 7 6 31
1 4 5 6 5 3 6 5 2 1 18 19
11 3 1 5 6 3 6 2 6 13 19
Total i 2 2 1 7 10 1 2 12 13
N 20 20
Subtotal 4 5 9 6 10 12 10 9 9 17 1 22 43 71
AL B Y =KE2ITv, TAFL—1TX b12m, =1 Crook [——JTwist
10.5emic & HUE RUBHEHE B L e, Crook -+ Twist

5.2.2 PEFHEE

EAMZOWT, BMEBZKHAIREORECL S
MERDEITO & &b, FHERE, HHES®R
TBavy v 7R E) #HELL (Sobue, 1986),
Fie, 1EMRARGRECHMND, AThBIUE
AREBERRE Uiz, #A0 11FEL TV EHMEORA
KE%x, hUhRFmET3AXAZEL, @101
HOBEEERYRPIE L, SKRR4MEOF
R EAREFFTHEL, FOffieRDd I, T
gzt L -EAMicoWT, 23 v270m, 3%
SR A SEHARC X b Ty v 7R E LT,

5.3 BREIUEE
5.3.1 fiilcXoRMcx HERXS

BERRAKRL S TR LFERD, W TENES
Moz s SN odLs Table 5.10 &0 ThH
o ThiLXBL, IERDKEFARNGIXI3emIEMAH
374, 11.5cmIEMAAM0E, F 1= 3 BO/MEARNGIL
ZThZh 6 R LUNREMCE I, MBEMHYA X
ELBORAIEAMORKIHBARDOZ LN bKRE
ROFHEERICE V-, HEAKROH EFI3mE Z 2
5E, BHORMIELL, fFrTEhviEMo
BEAERRERENFEL TS 4 FENLES
hico T 4AEEMREORYMBEMTESLDIX]
BEBIV2HRECHREEIRD, 05D 4 KM
NEMTEBDRREOFR VAL SR T, B
ROBAMERARN O XEM T E oo te, BETOH
A DHEAHICH 523, FORERE44~48cmD R
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Fig. 5.2 Frequency and cumulative distribution of the
timbers graded by quantity of warps.
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7o

5.3.2 Evoitsg

1 1SERIRREZIR L e B p IEMAM 0 &K R I19%
PUTC, stiEttofhdEmBRMEIRIZIs T 50
MoREELHH L Twic (BRKES, 1997), =
DX 5 IR T B IEAM OWERICEE 5 v
DFEERFE T, EAMEECI T, fiath
DFERIIS5%, RUNDOFERII65%, i, i
BN FELRRTADOWTRHDIEVNFRE Uik
0% Th-Tce T, 13emiEF & 11.5cmEH THEW
DFRERVHB LI ZATETCRITHEL ot
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(13emIEF - 82%, 11.5cmIEA 2 79%)s Licdio

T, FUWidfy 4 XoEAYShe R T52 &
&L,

Fig. 5. 212 V0 JHEE & BHOmERT, HEw
23, Y, hUholE & W 080%5H 4 6
m/3mUTCThote, FHETRZ LA b
2.43mm/ 3 m, RLIH2.4Tm/ 3 mThHotc, O
ERYERAOLHLEARNSRE L hETO
HEBER, Thbbilisib 2110.5m/3m, KTh
72313.0mm/ 3 m CH B, 1964) EHe#EET 5L, %
bOTUNSWZ EDbh b, CORDIFEALEDIE
AN IEREOEVWEE AL E —CHIEL, FiEo-t
gt birFsz tncxi,

Fig. 5.3CEMBERENOE V- OFRER Y RT,
HMAUEIME®R LT ch b 4 BRciziy, hth
B REL A ZED bhi, toRREE
LT, 4BETRRELHISHERET R L, X
RPWHROEEREL kb &, TIHOHENE
Wk, HHHESIERREVWZ ERERISL DL
Fzbhb,

Table 5. 213 ABI DV OFKLF YR T, H
VWOFERREKC L > TRE B, Bz Sl
DARTCKREWVERED M, 2D5B, U
RIZ oW, HHERERLE & ofEB RV & & 23

BCrook BWTwist

Crook and twist (mm/3m)

1st logs 2nd logs 3rd logs 4th logs

Location of timbers
Fig. 5.3 Crook and twist of the timbers at various
location of in the trees.

Table 5.2 Quantity of warps for different sample trees

Sample tree NO. Crook (mn/3m)  Twist (um/3m)

S1 2.67 6.00
S2 0.09 0.74
S3 3.91 2.64
S4 1.42 1.50
S5 3.15 1.42
S6 0.92 0.42
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M After air-seasoning
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Fig.5.5 MOE for the square timbers from the trees
with large or small DBH.
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Table 5.3 The E; and its CV before and after air-seasoning

for different sample trees

FhF n90tonf/cn’, 80tonf/atd 7o T\ 5
e, ZOl6FEES T < v iz EREE

Sample tree before air-seasoning

after air-seasoninng

B oEER+IER L TWB T LR b,

No. mean CvV mean CvV
S1 112 9.04 111 14.9
S2 127 7.78 129 7.86
S3 109 13.7 112 15.4
S4 128 16.6 134 18.2
S5 127 18.2 135 17.9
S6 134 16.8 137 17.3

54 &

Kz cit, EFRCBWIHET 5
~ v NItk cEiin & S h 3 1EAEL6
FH 5= MrbOLEYEAMZEML,
SMGROAMREYRARB L L, W1E
HMoORREZRFEOBELAR, BohickE

E:: dynamic Young’s modulus (tonf/cre) ; CV, coefficient of

variation (9).

@ :Measured value;
O:Reference values.
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Fig. 5.6 The comparision of MOE among trees with
different ages.
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The Growth and Wood Quality of Aged Japanese
Larch Trees Produced in Shinshu

Jianjun Zhu

Summary

Japanese larch (Larix kaempfer: Carriefe) is one of the most important timber species in Nagano
prefecture, and most of them were planted under the plans for short rotation managements. Now, longer
rotation managements are required because of wood quality problems in young trees and changes of
timber demand. But there are few studies on wood qualities related to long rotation management.

In the research, sample trees from 106-year-old Japanese larch plantation were set as main study
subject. By analyzing their annual ring structures, characteristics of juvenile and mature wood were
clarified, and juvenile and mature wood were compared at effects of radial growth on annual ring indices.
Furthermore, lumbers and square-sawn timbers from aged forests were investigated for practical use.
1. The radial variation of ring indices »

By means of X-ray densitometry, I examined the annual ring structure of sample trees from Saku,
as well as Yabuhara and Tera. Results showed that ring width was large near the pith, decreased abruptly
with incremehts of riﬁg numbers and got stable from 15~20 annual rings. The variation patterns of
earlywood width in radial direction were agreed with those of ring width.

Ring density was low near the pith, and increased with ring numbers, and then got stable from 15~20
annual rings. But in sapwood, ring density tended to decrease. The radial variation of latewood density
was similar to ring density.

These observations suggested that all of annual ring indices changed greatly near pith and got
constant after 15~20th annual rings. Therefore, it should be necessary to distinguish the inner part near
pith from outside part when dealing with wood quality.

2. Relation between ring indices and radial growth

To examine the differences between juvenile and mature wood, sample trees from Saku and
Yabuhara were used. Radial development of tracheid length and ring density was observed. And the
relation of the radial growth rate (ring width) with some indices of ring structure was investigated.

The results proved that radial variations of tracheid length with ring number could be described by
a logarithmic formula, and both plantations reached the demarcation of juvenile and mature wood at age
18. By using the segmented regression method, radial variations of ring density were analyzed. It was
found that the demarcation of juvenile and mature wood was at age 15 for Saku and at age 21 for
Yabahara.

The obtained demarcation ages differed between tracheid length and ring density'criteria. In practical
use, ring density related closely with strength properties, so the results of demarcation based on ring
density criteria were used to divide juvenile and mature wood. It was found that higher growth rate
resulted in producing lower density wood in juvenile period, but the wood density in mature period did not
decrease even with higher radial growth rate. The basic reason for this phenomenon was that latewood
width increased with-the growth rate increasing.

3. Tensile strength for lumber

In order to testify whether the results obtained from annual ring level might be adapted for lumber

level or not, tensile tests of lumber were conducted.

Results showed that mechanical properties of lumber varied greatly in radial direction within trees,
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but all sample trees showed similar trend.

There were little differences in dynamic Young’s modulus between lumber and small clear specimens,
which were cut from non-destructed parts of lumber. On the other hand, there were great differences in
tensile strength (TS), and the differences decreased with the increase of ring number, and got constant at
about 30 years.

The presence and distribution of knots affected greatly on TS. Among knot indices, knot number (Kn)
and knot area ratio of maximum single knot (Km) were proved to be effective indices for explaining the
effect of knots. The distributions of Kn and Km in radial direction agreed with the variation of TS.

These results led that the mechanical properties of both them need about 30 years to reach a constant
stage. The period was longer than 15~21 years, the results from annual ring level.

4. Square timber qualities

In order to evaluate Japanese larch timbers from aged forest for practical use, I investigated the wood
qualities of pithless square timbers, which are usually used as building materials. The knots, warps and
Young’s modulus were measured after air seasoning.

Much more square timbers were obtained from fast-growth trees compared to slow-growth trees.
Also, there were much more timbers with less or without knots obtained from fast-growth trees than from
slow-growth trees. It was also found that 8094 of square timbers crooked and twisted after air seasoning,
but the quantity of crook and twist was extremely less compared with boxed heart square timbers sawn
from young trees. Young’s modulus of timbers from aged trees was higher than from young trees.

Therefore, it may be suggested that aged trees have potential to obtain more square timbers with
small warps and high Young’s modulus compared to younger trees.

5. Conclusions

The research steps were as follows. First, by using X-ray densitometry, radial variation of annual
ring indices was brought out in annual ring level. Then, juvenile wood and mature wood were divided with
tracheid length and ring density, and the relation between growth and wood quality was investigated by
distinguishing juvenile and mature wood. Furthermore, the variation of tensile strength in lumber level
was examined, and the results were compared with the demarcation ages from annual ring structures.
Finally, the quality of square timbers from aged trees was investigated for practical use.

The results were summarized as follows:

1) The demarcation of juvenile and mature wood ranged from 15th to 21st annual rings that were
estimated by tracheid length and ring density.

2) In mature wood, indices of wood quality kept stable, and fast radial growth did not result in lowering
wood quality.

3) Ring density tended to decrease in sapwood.

4) It was necessary for more than 30 years to acquire wood with stable quality from the point of
practical use.

5) many quality timbers could be obtained from large and aged trees.
Based on the conclusions, it was suggested that forest management should be aimed for long rotation,

old age, and large diameter for Japanese larch plantations.

Key word : annual ring structure ; juvenile wood ; mature wood ; tensile strength ; square timber



