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Table 1. #t 3 K o # %

Sample trees

1 2 3 4 5 6 7 9 10
B T | BCTE | R '13’("[‘?%‘%? Semigs | M BB & &= |4 XK

HERARER) oy | () (m) (m) b (%) 5 (m®) (m?) b (%)
_ . [Percent- | Degree ercent-
Sample | %?lgitt Height | Clear W('gth age of of Volume Voloufme age of
tree No. | .. length clear full- branch
 diameter crown | length | body branch volume

AT T (Sawing method 1)

408 ! 16 15.3 6.7 3.5 | 43 95 0.154 0.0053 3.4

427 22 17.4 8.7 3.6 . 50 79 0.317 0.0070 2.2

431 19 15.7 6.8 4.0 ; 43 82 0.225 0.0061 2.7

435 22 18.0 9.0 4.0 | 50 81 0.340 0.0091 2.7

37 19 14.5 9.3 3.3 | 64 76 0.210 | 0.0064 3.0

605 31 21.0 10.4 4.4 49 67 0.742 0.0154 2.1

795 14 12.3 6.8 3.6 55 87 0.104 0.0038 3.7

802 25 18.2 8.2 3.2 45 72 0.424 0.0121 2.9

FAE LT (Sawing method II)

391 28 18.0 5.0 3.9 | 27 64 0.515 0.0218 4.2

393 21 15.3 6.2 3.2 ! 40 72 0.251 0.0061 2.4

394 26 15.7 3.5 4.0 ) 22 60 0.392 0.0144 3.7

395 23 14.3 4.7 4.0 32 61 0.270 0.0118 4.4
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Table 1 (>3¥)
1 2 3. 4 | 5 |6 . 71 | 8 9 0
) BEEDE | BB | T | MIEE | ETER S M B K & B R & R
ESEV N B(Nn) (m) | (m) (m) P (% o (m*) (m*) P %)
reast- I ) ercent- | Degree ercent-
Sample | height Heightt Clear Width age of of Volume Voloufme age of
tree No.  diameter | length | clear full- branch
) ‘ | i crown length body branch volume
| ‘ | ‘ |
400 14 12.8 8.0 | 3.2 62 91 | 0.091 0.0021 2.3
407 26 ' 16.8 ' 6.9 ‘ 3.0 40 } 64 | 0.423 | 0.0123 2.9
409 22 . 17.6 8.2 3.2 46 80 | 0.340 | 0.0086 2.5
410 18 14.8 5.2 28 3¢ 8l 0.190 | 0.0048 2.5
411 19 12.2 | 2.7 | 2.8 ‘ 22 64 | 0.166 | 0.0047 2.8
412 22 15.4 6.3 4.8 40 70 0.272 | 0.0154 5.7
418 24 15.9 | 7.8 3.4 ‘ 48 | 66 0.342 | 0.0072 2.1
419 21 14.8 6.9 3.4 46 |70 0.251 0.0085 3.4
422 20 15.5 7.1 4.0 45 77 0.230 | 0.0079 3.4
423 20 16.2 ’ 9.8 3.0 | 60 8l 0.246 | 0.0077 3.1
424 22 16.2 3.1 4.8 18 73 | 0.294 | 0.0130 4.4
425 21 16.7 5.9 4.4 | 35 79 | 0.289 | 0.0085 2.9
426 20 17.0 9.1 3.8 53 ‘ 85 0.262 | 0.0062 2.4
428 26 17.5 | 9.3 3.1 | 53 67 | 0.453 | 0.0068 1.5
430 18 16.1 | 8.2 2.9 50 89 0.204 | 0.0042 2.1
432 ‘ 19 \ 16.1 | 6.4 3.6 \ 39 | a4 0.225 | 0.0070 3.1
439 18 | 15.6 9.6 3.8 6l 86  0.204 | 0.0079 3.9
440 15  § 13.3 9.8 2.4 73 88 . 0.118 | 0.0026 2.2
442 20 15.0 | 6.8 4.0 ‘ 45 75 0.230 | 0.0072 3.1
443 23 16.8 | 9.3 4.0 55 73 | 0.342 0.0068 2.0
444 15 15.7 | 9.5 3.0 ‘ 60 | 104  0.146 | 0.0024 1.6
445 26 18.5 9.7 3.0 | 52 | 70 1 0.453 | 0.0088 1.9
446 24 18.8 10.0 4.0 | 53 78 | 0.422 | 0.0137 3.2
449 28 20.5 9.0 4.0 | 43 73 ' 0.622 | 0.0189 3.0
461 19 17.5 , 8.1 40 52 ‘ 91 | 0.239 | 0.0122 5.1
| ' i |
462 20 15.9 8.9 3.6 55 79 0.246 | 0.0102 4.1
463 24 16.5 8.7 4.6 52 68 0.368 | 0.0111 3.0
468 14 13.8 | 7.2 2.8 51 | 98 0.112 | 0.0038 3.4
469 15 13.3 8.5 2.8 . 63 88 0.118 | 0.0023 1.9
588 17 18.8 9.4 3.0 | 50 L 110 0.200 | 0.0051 2.6
610 31 23.7 ' 12.9 3.8 1 54 76 0.874 | 0.0344 3.9
622 27 22.2 12.5 4.0 56 | 82 0.619 | 0.0131 2.1
628 27 20.1 | 9.8 4.0 \ 48 74 | 0.551 0.0147 2.7
630 28 21.3 | 12.3 3.2 . 57 ‘ 76 | 0.622 | 0.0119 1.9
632 29 21.0 11.6 42 | 55 72 0.611 0.0158 2.4
. ; |
633 27 22.3 | 12.0 3.8 | 53 ‘ 82 | 0.619 | 0.012] 2.0
634 35 23.5 1 8.3 4.8 3 | 67 . 1.078 0.0348 3.2
636 18 19.0 i 14.1 © 3.0 74 i 105 0.244 | 0.0033 1.4
638 17 16.5 10.0 3.8 60 ‘ 97 | 0.196 | 0.0055 2.8
646 19 17.6 ' 10.0 4.1 56 | 92 0.254 | 0.0074 2.9
647 29 22.9 9.5 | 4.0 41 78 0.740 0.0170 | 2.3
648 32 21.9 | 10.5 | 5.2 47 | 8 0.830 | 0.0171 2.1
649 1 26 20.5 12,5 42 | e | 78 0.548 | 0.0150 2.7
651 23 19.0 1.3 | 5.2 59 82 0.392 | 0.0138 3.5
655 25 19.0 | 10.9 3.1 ‘ 98 | 76 0.453 | 0.0072 1.6
658 30 22.3 12.0 ‘ 3.6 53 1 74 0.742 | 0.0195 2.6
659 15 15.0 4.4 4.4 35 | 100 0.137 1 0.0059 4.3
661 25 20.2 1.7 " 3.0 57 80 0.482 0.0072 1.5
662 26 19.7 10.2 , 3.8 51 75 0.516 | 0.0138 2.7
665 27, 19.1 - 8.3 4.0 43 70 0.517 0.0251 | 4.9
! | ‘
667(1) 23 18.9 © 10.0 ! 3.0 ‘ 52 82 | 0.392 | 0.0093 | 2.4
667(2) 23 19.6  11.4 | 4.3 | 58 \ 85 « 0.418 = 0.013 | 3.3
669 16 14.2 4 1.2 | 2.4 | 78 88 0.143 |, 0.0010 , 0.7
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Table 1 (->3%)

1 2 . 3 4 5 6 7 8 9 10
. | POmERE | B | BCTE | MR | BCTEER | SEiE | M BB 4 B R & R
HHAFS| _(em) (m) (m) (m) (%) (m*) (m*) (%)
Breast- Width |Percent- | Degree Volume | Percent-
Sample | height | Height| Clear of age of of Volume of age of
tree No. |diameter length | crown | clear full- branch branch
length | body volume
671 27 16.8 12.9 3.4 76 62 0.451 0.0096 2.1
675 16 15.3 11.2 2.8 73 95 0.154 0.0017 1.1
680 16 14.6 6.9 2.6 47 90 0.154 0.0035 2.3
697 17 15.2 6.8 3.4 44 89 0.172 0.0061 3.5
698 18 15.2 6.0 4.2 39 84 0.190 0.0047 2.5
755 17 13.5 8.0 3.2 59 79 0.160 0.0059 3.7
757 17 14.4 8.7 3.0 60 84 0.160 0.0023 1.4
766 17 15.0 7.0 2.8 46 88 0.172 0.0069 4.0
771 14 13.0 8.7 2.6 66 92 0.104 0.0032 3.1
788 20 15.8 4.9 4.2 31 78 0.214 0.0021 1.0
791 15 14.1 10.1 2.4 71 94 0.127 0.0019 1.5
792 15 12.9 8.7 3.0 67 85 0.118 0.0026 2.2
793 15 13.0 5.2 3.4 40 86 0.118 0.0045 3.8
798 18 13.4 5.5 3.4 41 74 0.164 0.0063 3.8
800 14 14.0 7.9 3.0 56 100 0.112 0.0046 4.1
804 19 (12.5) 6.9 3.6 54 65 0.181 0.0045 2.5
805 23 18.0 11.2 2.8 62 78 0.367 0.0060 1.6
806 20 17.2 8.4 4.0 48 86 0.262 0.0081 3.1
807 30 20.3 9.9 3.8 48 67 0.660 0.0148 2.2
810 28 21.4 12.5 4.2 58 76 0.622 0.0078 1.3 -
811 23 17.4 10.2 3.8 58 75 0.242 0.0089 3.7
812 15 15.0 9.0 2.8 60 100 0.137 0.0044 3.2
814 22 17.4 6.9 3.0 39 78 0.317 0.0108 3.4
FHEH: N (Sawing method TI)
429 29 20.0 7.6 4.1 37 68 0.623 0.0122 2.0
433 21 18.1 11.3 4.0 62 86 0.359 0.0084 2.3
447 15 16.7 8.3 3.4 49 111 0.156 0.0028 1.8
448 24 20.0 10.4 4.0 52 83 0.449 0.0105 2.3
595 32 25.2 9.3 4.0 37 79 0.858 0.0403 4.7
611 22 22.7 13.9 4.0 61 103 0.339 0.0132 3.9
625 27 21.4 13.2 4.0 61 79 0.585 0.0138 2.4
670 18 17.2 11.2 3.0 65 95 0.217 0.0038 1.8
815 14 14.9 7.0 3.9 47 106 0.106 0.0044 4.2
I 1T #3543 Average
1 22 ' 17.2 , 8.8 ‘ 3.6 ’ 51 ’ 81 ‘ 0.341 ’ 0.0094 ’ 2.8

B TR R = (T E /D) < 100 SEhE = /s E R 1EER = (M /#HHD X 100
BiEo () WbikED
Note: Percentage of clear length=(Clear length/Tree height) X100
Degree of full body=Tree height/B. H. D.
Percentage of branch volume=(Volume of branch/Volume of stem) X100
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Measuring elements for branch knot
L:: Projective length of live-knot, L.:
Projective length of dead-knot, L;: Clear
wood length, D: Diameter of branch knot,
0,: Angle of live-knot, 6.: Angle of dead-
knot, A: Conditions of log face.
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L o THESR M L HilE O MR L D MR R R DT
ZOFERC L O THE L AL, Table 1 KRTIRTH S,

V AXKCEFhDER

1. EikosHE

HARCEENRDHROFICONTOMSE 5 5720, FAXKI (EOHMEC I BHE) OFEEND L
LN BRI KOEHEDGFHED 5 b, fED L WEHAK No. 605 kRO X < oA No. 408
(Table 1 BiR) OFEHIs L CIKESHRIC O THEBT 5,

(1) HEfEOEESTEX

FRHAE, BOWUM L AMD 2 T TEL, ThEROEHICEE T2 Bl OEE SR
AR Fig. 9 XU 10 RT. HiLAT L L AKOBLIKEATIRIWS, EESHERK T
FORIRE L BIEC U OKFITH E, ¥, HORIREFRCOWTLERLTRRLTH S, Mk
W, BRI AKANE 2NIE G e B R, AR, URAMEICERI L T\ % 20 LM A B D TE
DFAEERNECHEBIL 5 5 k% R+

Upward side w ®i—+—# @I Downward side Upwerd side W il —+—=—»5 (81l Dowmward side
—— - ==uy : \‘ : I 80! -

1

800

. a00—-
=}
2
S el
_; 300 5 00—
S M
2 £ 200 = 200
= & / / : [ f e / — A\ %K’_‘
D~ / / === ‘; 3 “ = | r . = L L A
i T e e T T
=¥l 2 H
Number of annual ring from the outward of stem. @ Nunberof amwl l’mQé fm"é\ TT\EZOUTZWd GOf STsem
i 2 4 8 6 4 :
w12 0 B 6 PN B AL I 30 8 88 cny
Distance from the pith . Distance from the pith
Fig. 9 MEOTEESF (f8K No. 605) Fig. 10 i 0mESE (R ANo. 408)
Vertical distribution of branch knots Vertical distribution of branch knots
(sample tree No. 605) (sample tree No. 408)
i — AR CHIIT X 5 L
IO:C;;Zmata ¢ branch knot by conditions of Discriminatable branch knot by con-

ditions of log face.
—FARANE THEBI T & T\ HilE ——ARAMNE THBI T & fr\Eifk
Undiscriminatable branch knot by conditions

Undiscriminatable branch knot by
of log face.

conditions of log face.
~~~~~~~~ W - LA OBEFR 3T M DB
Border of sap- and heartwood. Border of sap- and heartwood.
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hBoflic XiuE, Hi LS 1~8m OBITEEN T2 EIEOREKIE, Table 2 /RT X 5T, 140
~150 KBETH D, LisoT, #HETm OMCHELET 2 HOTAMEIN 5om b, IHE
e ZiuE, AR, HERMEO BRIt o TSR LT WD L W2 B, Filc i, HkrcmeE
LTwa Z bbb, L, ZORKHEI, B2 LTUXF 25 em, LENE LB RO
TIXK 50em FRETHD, Z0OZLhb, BEKRID S WIXTICET 3 X 5 KB OSfR 2R TH-AH
BElmbTh2 0%, FUTHHLELLND,

Table 2. ##3K No. 605 35 X8 No. 408 DEilg G =% © 1~8 m)
Number of branch knots on sample tree No. 605 and No. 408 (height in tree: 1~8m)

3% S E Ok B 01} 1% D # Number of branch knots

N No. 605 No. 408
Condltlfons of log %—l f%[l D/ﬁ: ,{ﬁud = l—[]:-[[ {fgj D;ei ﬁ‘ljd B

ace pwar ownwar pwar ownwar
side side Total side side Total

% = ‘

Visible knot 4 10 1 14 23 l S >4
1 ﬁgngieib g 22 40 62 28 24 1 52
Flat " 38 \ 27 65 ' 29 \ 18 \ 47
TéIal 64 ’ 77 ( 141 ‘ 80 \ 73 l 153

L SRR ST HIR L T4 % &, REF iR L o TRRATH %2, FRINFEICEL L
T% b ORI, HANFE R CHEOTEELHIITERV ORI Z 2 22 Th o
KESWCH WL B,

Fhe, GRABCEHEEARD L, B CIIARERETILGA, ARATCHBHE LB L0, IEAHA
£y, BETEOBEWHERR No. 408 %<, AKMNEPFEELD DI, BES L, TR EWHER
K No. 605 TR WTTFDLH\, SO LIX, WARDERERK P2, HARNECBIEL TOEKod H
FHEARELEEE L O L2 RmTHhOEELLNS,

@) HilEDKFELHN

HERAADH L 1 m & &0 & E 5SRO AR 310 5 BE L RO A O 5HK %,
3k No. 605 122, Fig. 11—(1)~(7) i, No. 408 &>\ T Fig. 12—(1)~(7) ©ird. KR
FTHAFEOKE J1L, 1m OFHMEHEOFITEHITHRC L &3, BEMAM EOM ML, HifiC X
BAANEORIER L, LR CETRERT, ABCRTIELHMERBR I TH D, i, FEROM
M OBERE R T

ZHBDRN S, HiEDKESTE OB AT WERITE B WikE, FUABEmEC S TEFRLIC
AU &5 ST 5T, WIhpOFMTRET2ONFBED L 5 THHH, £OHFEROIKRE
B EE TR X r OBIRIL, ThO 0RO TIREIREC LAV,

2. EiRoKE

1) HEER X OBOHR & B0

AED X 5 IeHEMORIE, ZLA ETNTHEOABHEETS. Lo T, MEELICI>THEL
FHMTEIC S b D ORI, BLICIEWEATER ¥% <, BLLCIy 4 HECH bbh 2 BROHIK
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Fig. 11  HikDKES TR
(it A No. 605)
Horizontal distribution of

branch knot
(sample tree No. 605)
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0 2 4 6 8 1cm 02 6 5 om VT s s om 0t & o
Fig. 12-(1) #i k5 Fig. 12-(2) #i k& Fig. 12-(3) # k& Fig. 12-(4) #1 F%&
Height in tree: Height in tree: Height in tree: Height in tree:
1~2m 2~3m 3~4m 4~5m

0 2 4 6 38 W0wm 02 4 6 10 Cm
Fig. 12-(5) Hi k& Fig. 12-(6) #i k& Fig. 12-(7) #i k&
Height in tree: 5~6 m Height in tree: 6~7m Height in tree: 7~8 m

Fig. 12 HitoKFELT R (BEA No. 408)

Horizontal distribution of branch knot (sample tree No. 408)

13, TOHKCEENLREER L 2E—HTob0LELLND,

AMEEINT & 5 BB R DHRAAKCE TR HHEHEH YR, ThaHl LSk L OBoFIICRe
(¥, Table 3 D LHid, ThiC I, HEHAAKOBEMME (Im) &ThDHEOREL 20 K
IR T, M EEIC L 2ERIS F VB bR i, BOFMBICHIVE, BFEEHEE LUikE
FERITTR, BHI BRI I h ORERS B Z L 2Vbh b,

Table 3. #HAKDOBARICE Fh 5 HIEHK

Number of branch knots in unit length of study logs

S LY. AT LA
2 o (] AL . 3 !

i 15 DL Number of branch knots at each stand side ’I‘otzrl | Number
of

Height in tree |~ T 1 [ o S number of sample
" M i A% L | R ‘,Average branch knots trees

] T
1~2 2.79 ' 7.08 4.35 6.08 |  5.08 20.30 79
2~3 4.37 | 4.39 4.01 5.46 4.56 18.23 79
]

3~4 6.18 ' 3.70 4.46 5.64 ) 5.00 19.98 79
4~5 4.65 5.05 4.89 5.79 5.10 20.38 79
5~6 5.93 | 4.69 5.58 5.02 | 5.3l 21.22 79
6~7 6.11 | 4.74 5.18 4.87 | 5.23 20.90 79
7~8 5.92 |  5.18 5.36 5.02 } 5.37 | 21.48 79
8~9 3.98 |  4.63 4.16 1 3.98 |  4.19 16.75 55
S } 5.03 ‘1 4.94 ] 4.77 } 5.28 ‘ 5.01 | 20.02 —

Average
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Fig. 13  FHEKINC X 541 L X OO RICEE L T ORifg o R
A: BOEFRITH SIS HIE 0K (FHl LEHIH 0K =100%), B: FHi_EE#iIHc
HBbNHERFR DR G kS 1~9 m OBOEH OIS =100%
Percentage of branch knots in relation to heights in tree
and to stand sides by sawing method II
A: Percentage of branch knots in each stand side (total number of branch knots in each
height range=100%), B: Percentage of branch knots in each height range (total number
of branch knots of each stand side in 1~9 m height=100%).
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B TN N

Percentage of branch knots.
R i

TS

1~2 2~3 3~4 ~7 7~8 8~9 m

4~5 5~6 6
St L& oo 8@
Height in tree.

Fig. 14 FAZEIIC X 2H EEds X OBOHF AR L T OEiEg o R
A BOEHMICH DR A HIES 0K (FHl @ O M =100%), B: FHl LEHEHIC
HOONBHIEROER (ML 1~9 m OEBOEH OB =100%)
Percentage of branch knots in relation to heights in tree
and to stand sides by sawing method 1liL

A: Percentage of branch knots in each stand side (total number of branch knots in
each height range=100%), B: Percentage of branch knots in each height range (total
number of branch knots of each stand side in 1~9 m height=100%).
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Table 3 2:b, BWOF{IER L UM EEHIMCB L CH RO KSR, Fig. 13 ©Rid, R—HIE
A O BSR4 B BH MO SR ORI L O EF MBI 5 EE 1~9 m OB B3
> EH EEHEI QM A ORI, M (URD &V (BRD 2B cER e, H EEHE 2~3 m
TR VOENEECRTH L2, ThLl Lokl LEEill o, MO WWRE WL 5 eflifs
RLTWD, ¥, L,ROMIM, VORMHRELERL, WL SALIIMIE, REIVIRIELE 5 ok
FRREBND, THUL, ITTHRI X 5 ERR OB OMEC L5 DTk h e EL bh b,

ok, FEBINT X5 THERA 9 RO R Ao, M EOBEIIFELNLTE D, KD
BHECE FN 5 IR 20 KT, M, VIEBT2EiERoRY g3, Fig. 14 X5
g%,

(2) MmER R RO Eik O

RERTOMRAAREFEHERC Lo T3HEECGEL, ThEROH EE 1~9 m iIZB\  THARDHAL
MECE TN BT O EEK L BOHRGc RSB &, Table 4 DX D, Fie, EHMOUIRK
DERBIC R T B R Y, EEREEICRS T Fig. 15 K571,

Table 4. MEEENERSHRAKOBIECE 5 HiSK
Number of branch knots in unit length of study logs cut from different
breast-height diameter trees

- = — ‘ e
RO RS Y waey CRARR
. Number of branch knots at each stand side | Total umpber
Breast-height | number of of
diameter class o | SO sample
cm: M ‘ v 1 L i R Average  branch knots trees
11~20 4.78 4.65 | 4.53 l 5.18 4.79 19.14 38
21~25 5.30 4.88 ) 493 | 5.25 5.09 20.36 16
26~35 5.44 5.24 © 5.04 ' 5.47 5.30 21.19 22

IR DR, NENLL, HREEIKREL
MR AR DIRA SHACARE NS T2 HilD
i1, ZoEMITBEIRWTSBOFREIDK
ERWTHEBETHD Z L 2bhdb, LA L, FHsl
OFE I Ao Y, fam R EER T,
WER M, RAKT, V, LARRNThb,

8) Hikn R DK

HifioAR S L i O BRE S few, JWEHERID
HEERD D 5 mm EHFIOWKLE (Fig. 7 3l ¢& -
Hif s & OMFE AR, Table 5 wid. Zhick
hE, HIER 9m LT3R A E s Bk Breast-regnt - iameter.

(X, HIEOER 15 mm LU O D5 2RO 86 %% Fig. 15 MSE R L T Ok oK
LbTED, ThHUEDS DL 14 it T &7l (€:E-%-31)
Table 5 OEEEL, Mk 5 R LR Percentage of branch knots in relation

to breast-height diameter
wRTEFEZ LRSI X ORI THERL T (sawing method II)

30

Percentage of branch knots.
N

A
25

20 21
B EHEERE




Table 5. i RIBIDO K
Number of branch knots at various knot
diameter classes

HERBIB IS HS

L BN - SEERE
Diameter class | Number of Relative
of branch knot branch frequency
mm! knots %
~ 5 501 33.4
6~10 533 35.5
11~15 257 17.0
16~20 143 .5
21~25 | 55 .7
26~30 12 .8
31~35 1 0.1
B oo | nsz | 1000
Total ’ .
] =1~2 a /) =5~6m
I /l\ H=1~2m ”{'\, \\ H=5 v
zol LA _T/ “
20 A \\/"\\ y \
NEAVAN LB
LB L]
%0 e':\\ H=2~3m | y =G~ m
(/; ) l T\ Q\\‘
e sol—aN1— .-\
z "
5 B \ \‘! \ ;\A‘? ~
% 10 \ " o i .
i LS 0 I oe ! o] [ i Q}\(
(=]
O tb - H=3~d4mn ] H=7-3m
e ENEN N
s F LR /T
o \; AN
10— D F - X (AN
0 N hS|
H=d~5m H=8~9m
/I ‘\‘ /N
40 g \\ y \
30 \\‘ o
10 = \ 3 —o—
0 1015 20 25 30 mm 510 S 26 25 30 35 om
Bt iE M

Diameter class of branch knot

Fig. 17 Hi ki & Ml A5 A i S g B
L Tk H oK GREEID
Percentage of branch knots in relation to
diameter class of knot at various heights
and diameters of tree (sawing method TI[)

== e HEFARRL
Breast-height Number of
diameter sample tree
—O— 32~27 cm 3
—Q— 24~21 3
-—-9- 18~14 3

H: #i & Height in tree.

#1125
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Percentage 0f branch knots
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M1z aiE R
Diameter class o branch knot
Fig. 16 MBI L T OHiffg o xR
€Lie-3 D)
A BOEFMTHbbn il o EER (%
HikE R OMIS =100%), B : FHiEH
b OB I OER (BOEF N OTIHHK
=100%)
Percentage of branch knots in relation to
knot diameter class (sawing method 1II)
A :Percentage of branch knots in each stand
side (total number of branch knots in each
diameter class=1009%), B: Percentage of
branch knots in each diameter class (total

number of branch knots in each stand side
=100%..
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KoIRERE R, Fig. 16 K53, chick
e, BRI 10~15 mm DR Ok
L D B d b 2 HERKRE - &
MRS HNRS,

9 RO K OIEER % 3 (3 XK$2)
KL, ThEho&H FEEic s 58
BB R AR % & Fig. 170X 5 1tic
5, HioREBIMMEOEIZ, ThoH
EEEECh, 3 A EWEUNTHDT, ik

B 15 mm Wi L h R W ok, MaEE
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EORE I ZDINENE L feo T 5,
3. EiKkoRE

HEOREICOWTUL, ZORIHHOEMAE(E L CLOFETHHOKE S L Ol ERL, &
ﬁﬁ(bgsbiﬁ)D%QC%tﬁﬁDﬁ%%ﬁ%thbﬂﬁ%,%ﬁﬁ(Lmﬁbiﬁ)@Wﬁ@?
& D BHEDOR MBI TR T 35 X OHIEO I 5 (BT £ & = % N Sk o St 2y
@%Eif@dwrwmd@mﬁf,vb@éﬂt@m<n%f&mﬁﬁuwcwﬁﬁm&v)03%%
ChFTHRT2 ZLicT 5, hBORTHCHEL AT, FEENCIS 40T, FREN O
Bl DRI, WO EERFHOKFREES L O 0By 0 B0k cRT (Fig. 7 218). fois,
BIES L 7o EIRL D B34 1,500 Th B .

1) &R m . ‘ ’ .

D H B X Ok & &k E X i i l ? ' |

H LB O & 2 ORI & F h b EHikD

f/
S

=3 e
it ot
BFORE B LOROEMPOTSE L OBIR - = Te
X Fig. 18D X5 1cle%, ChicXiug, S f“ /L 1 i;
ORI, HEBCLoThE h AxAiT * S Jo %

<, 3 41.7 mm (38.4~47.0 mm) icic
DTS, T, LHIEETS OBOERKIL,
Hi B 0~1m Tk IRKE WD, Fofho S m Héqﬁ'& w TR
H EREEE TR F DR E B, T Fig. 18 Hii F& & £HiE DS DE X 3 X O4ERRE
12.2 4£ (11.4~13.7 4F) T 5. Length and age of live-knot portion at

SRS DRI RS b ik S o Tl various heights in tree
%R, Fig. 19 07T, &HikoEss I v
BOFEREUL, SR L AN R AR R L,
HIEZEE 5 mm LITF X, FRER 27.7 mm 35 90
LOU9.24, MR 21~25 mm i, Th%
M 73.3mm B X 17.8 4ETH B,

I, Hi b EMFORS (FiBo
FRED OBREY BRIk » B £, Fig.
20 TART XS, Wh G H R X B BE
BREL, B EAE TR MRS B bR
B, LEpioT, &finBEs (2 ®of of —L 1
WEO (X, ErLTHROAE Sttt |
ftLTV23DTHoT, HLEOEEmIS F T 4
DI EEZBRD, 7272, Fig. 20 kb T
NB L5, HiEhi H_FES o Fbc Drameter class of branch ot
(2, GO OB P K X Fig. 19 HiE{E & &8k 0I5 0B X% X O4EIK
{IEDTW2 &5 efifrsZsbh s, it diameter classes of branch knots
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RE3 X USRI
ORI . © ~5mm, @ 6~10mm, 3
11~15 mm, @16~20 mm.
Relation of heights in tree to length
and age of live-knot portion
at various knot diameters
Diameter class of branch knot: @) ~5 mm,
®@ 6~10mm, @ 11~15mm, @ 16~20 mm.
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Fig. 21 B8 X0 22 WRT LI, EHiEoES
B L OBOEREL, LI, WTRoOH FEIcEs
WTHRMD L DDMEDFHAKE <, A L LD
0L, B THHLER 1 m LT 2R - Tl
RTINS 1.8
2 (0.4~T7.04E) L7co>T\ %, Fig. 21 TG A
kS, H EEEH 0~1m O TOAR
Mo EFE D B I OB NKE DI, DRSO
BAELMBOREL R L, BolARENLE D
FHRE D, EfiE T X% 2 HBo R EREN
BRI LERTLDEEZLNS.

B L LRI DR I8 X O BOHRE L 0
%, Bol, MU HR% e (Fig. 23 X
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O~ 223 -4 45 5 e 83 m
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Comparison of the relations between
heights in tree and live-knot length
at two stand sides
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Fig. 22 Wil « MU stT B LEEIH 45 D4E
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Comparison of the relations between
heights in tree and age of live-knot
portion at two stand sides
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Relation of branch knot to face conditions of

log from various breast-height diameter trees

at each height

Conditions of log face: (a) Visible knot, (b)

Uneven, (c) Slightly flat, (d) Completely flat.
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MEILD . LienoT, ARRHHEE L-HA
HEICR T 2HDH bbha ot h b oM
DEFEESTHZ LITNURTHD, Hiohbbh
BIAROHHE XM & LTid, HEEHME, KA
HB L O ZoHRENed D7 X%, HEOBLL
LOMEEES L OBMOFAIICEHEL TR+« E2 Hh
575 HOWLBWHMELHORABOMNE L T5 =
LI HEREC IR, KRBT D HIEE DS Tha
2B\, D EFRON H M kT2 8
DB bbbk MO EEk X OO0 B o
FREERIC S, ZoMboME O b olkitiF s
L%, 2%h, Zok3 eiEMEL BHE
BT BEDD B To i D fobic FEHE L 7y
LM THD L E2bND,

FIT, ABEEMCL ST, BORROETS
EACHEHTECS bR B EiconT, HKiCsE
F N EIR ORI & O MESR EE L >t ain
Ztz, TITTWHIEAOHER, M, V, L,R%

b

of branch wnots,

.,-/dm \

Percentage

Y

R#HaiE —
’ Breast-height
/ diametet .

-e- 18~14 cm

525 %
D;o\metaeb » Rclk\”ss.‘!ufﬁl:rmcrm not,

Fig. 48 JamEE Rl e A RAE ORI & 5T
EEL L OFERE X B & OBR
FURAE DR ¢ Ca )EIETEH, (b)Y
BAD X5, (ORI X5, (d)e<
g

Relation of branch knot to face conditions of

log from various breast-height diameter trees
at each knot diameter class

Conditions of log face: (a) Visible knot, (b)

Uneven, (c) Slightly flat, (d) Completely flat.

AMEE L, BLONSOMEENVELWKREMETH S, $i, HEECELTL, F0o1mE0Loii
FMEOR I & L, K 80 & (EHAK 158 K) i > THE L HAHME BHE 1 m, MIRITE

Table 6. FAIEINC X O THAAE L HHTE 1 m)
Number of unit cuttings (2:rx1000 mm?) studied by sawing method II

CRRCA B DR | - - - -

(r) HOE & o # M Height in tree & F
Distanpe o mo

hnnlpnﬁwm 1~2 | 2~3  3~4 | 4~5 | 5~6  6~7  7~8 | 8~9 Total

17 316 316 316 316 316 316 316 220 2,432

34 316 316 316 316 316 | 316 ! 316 220 2,432

51 244 244 244 240 192 | 192 192 136 1,684

68 164 164 164 148 112 | 112 112 76 1,052

85 72 72 72 60 36 36 | 36 24 408

102 20 20 20 16 4 4| 4 4 92

4% Total | 1,132 i 1,132 i 1,132 ' 1,096 | 976 976 ! 976 i 680 ‘ 8,100
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L b OHEED 245) O, Hi EEd X OO S ORI 7381, Table 6 o rish T, BEL
7oEiDREIL 35,719 THD .
1. Ho¥k
(1) Bhen B OyERE: Hio%
MEDERGL B OERE (1) & BAMTEO SR (n) oMFEHEOSREIcRS T Fig. 49 2R
+.

600

‘ I‘ r TR X 5, BEOLAHEENIZEA YT
N N | R SRET B D Th Db, MUKEEHS
| A BbHEE E ORI TS DL MR TH B, Fig.
- /d‘ 49 IZR\WT, 1T =17 mm OFEOHIK AT L
| | TUBOR, B Lmm REOHE W55 5
”w = \,\ L7z Z LRI FEHE X LI LR OB L AERD & ©
:E:Eg Q ~ LFLE —F LT S B b 25 Lo
i} | - T, r=34mm LTCE, nid3ri ¥ Bl
' | N LbOLELORD, T =34mm Lo BHTETIE,
‘ T ORI E b o TnllHA L, ZONEEDRL
T s s s e r =10 mm 2o\ 0.4 BETH D,
Fig. 49 BB O (r) & BAIHTE T X n OBREMEOF M A D &, WIThod
SEFE K (2
Relation@b‘ffviii éiZtinieofg; pith fEOMTEIC 3517 2 IR O LAL b HIFFATHITH L 55
(r) and number of knots on unit SRhIZV, ROMIEL, M, LAVEWEREZTED S
cutting (2.rx1000 mm?) (n) %

Fig. 49 kT, WAMEOMIL 21 7550, r AELIIHOF T2 HMEOEES £icd, =
NHOFEND, EHEONMAE (16 em) Y ) ofifwkd, r LoffHY Fig. 50 KR7. Ihic
I, BRGSO OHEE, T =50 mm BEF TIREML 2~4), T ETIREET % A~1),

IHhB ORI, TTRENLARCE ENDHEHEOR S L OREOHERAE L OBRIEAEINTHD

B b D THBN, »it HEIFEL OB L OTH S Hibf
%\ ‘ )l Hicdh bbh oI EET L HT L LTk, RERLH#RE
FLbRThH, HOrbOHBIRIEEHTANEIOLE L

obeo
o <X

\ b,
. @) Ho LR L EOR

- Hi L 2 n OMIRY, 13l kX0 HEO FRENC, FhER
Fig. 51 X 52 &R T.
e U Fig. 51 1c Lfug, Hi kR & n OBERIT, 1 ARDHETS

O B R Bt WE L XS5 eBlrRL, sk < fohug, £4n
Fig. 50 #0075 OHBECr ) L HAL 133k 45 X 5 TH B, KERERIBOLNLL . ST,
PRIRR QL0 em) S50 DRy bt £ 510, KIS E 1B MBS X 0 S 2780 b

Relation between r and - X100
2r BIRLoThEOE(LAVI LREALD L EL LN . F1,

5 %100
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VRO EEFCksWTL, AR

EWHTEE & n OfiavhE < e b MR e —1
PN o S N \\Pm)
. \'/0_/“—\-4 1 \ 4|
Fig. 52 ic Lu¥, M, LHEO i | o
/ :_\\
R L & bICKE < B X 5 BN u //) e
. n )f__“\«r—"‘
AL, V, RHMEOnDOEMULE 0 — :
HOHTRENTH . [F—H EEEHIc
10 —
B0, Mliose -0l
(2mdh D LIXD =D, 2m LT T~ 2~3 54 4-5 5-6 6~ T8 89
1I-?e 'ﬁh(&’n ;ﬂt réme
M EESTPH T, RIS & B RE . RO
f i it fi7 Fig. 51 H_F3 & MM OEEER(n) & ORFR
1ZREL, BELTM, LTk 5EA/N (KL Lams B DRERERT)
X<, V, REBHFDLOnkEL, * Relation between heights in tree and n at each r

NI DM FESHHTIE, 07T !
BINEL, HROKBIRHENTSH D, s g&t S

L
(8) MEmEARRADERAOHOR A \\‘Lf\

/’
R KRB £ > 3 BRI 9 | ‘
F, FREROT & nORREHEOH n .
FBNz S H% ¥k, Fig. 53 X5/ a0 EEQ

5, 100

Fig. 53 i LtuE, 1 2R—0MED

1T~2 2~3 3~4 4~5 5~6 6~7 7~8 8~9

nbi’ Hm@ﬁ{\zi:ﬁ‘ﬁ)%’)%f’ Hﬂﬂrﬁﬁlﬁ i L & o 8 m
Height in tree.
PRI E b DB ERTHD, TO Fig. 52 Hii R & BAAIHTE O (n) & OBGR
. - (M DF LB
2 B 3 g 3 e
BRI HRE DR EMENTHD Relation between heights in tree and n
23, BHLONT IR\ AT T - ofEmE TS at each stand side

o T d, THGDERE, AKCEINAHEORNF I UERS, BEERORE LERRCET S
LD ERERMERFT I LIRS 23 D EEZ bRD, BLICIEGHEIR OV TOERIL, $ Tk
Rk 5 AREREEOBERIC X 52 0T, FRabiE, r=34dmm L EOHE L Ak Hbbhat
THL0 LR IND,

2. HiodLbhiiLRME

(1) Bhed B OIERE & MR E

s Lo WM RROT 3 B AR 0 R 2 T o H il X OF r Flicked T Fig, 541013,
KB ERTVSEEDS St bEZ Th, AKX IeHER &M & 7x 5 AR
ThD o LITMIRTH DA, FO L TOEUIERT T, HEOHFMZ L O TRERER) L
bhb, SERAOMHEOLET, Ao THK 65mm ThHD (Fig. 36 M) 25, M, LEIUTYV
MR 5 EEHE O HIEROBMA T =65 mm FIE,SLEHELTW20R 0D EFLZLND,
UL, Tt 65mm Ll FicicoTd, MEHEOHBEROBAE 30 %EE TH 50, M~ Ol
DEIRZAVOEAH D ERRTHDTH S, ‘
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600 T
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- 4 \\ Average RAEE  RBAR CT s 192 mm
' R
" NS T Fig. 54 it & OUIEC T ) & IBONcL
: Timg B HEID 5D b 5 %

r

17 34

T 68 85 102mm

Percentage of clear unit cuttings in
relation to r

Fig. 53 &l b OFFEE(r ) & R E R, Rie

B LA O BALHAMTE O EAER(n)

& DR

MO H ML D &, M, LIk Mk
DR ATHO r itk T AE S ThE

Relation of r to n on study logs from

various breast-height diameter trees

(2)

<, V, RO@Eix->hic/h&l, KRk
5 HHERIE 3 B Tic T &,

FH_EREHEIC O\ TR U Ao B M TR X % I TE R o bR & Fig. 556 it

unit  cuttings.

WFOEFoW SB T 0 B4

Percentage of clear

Hit R & AR
° P =17~102 mm
120~
&% B 1 @D
132 Measured unit
cuttings.
[~ 2
80 |
— t— 32
40—
— I 109%6— 976 0
ﬂ ﬂ 916 978 ﬁ
0 [-l I_l
-2 23 34 4~5 56 6~1 78 B8~9

L& HE "
Height in tree.

Fig. 55 #ii & & BmE O MAIHTE O

Hobh 5 R

Percentage of clear unit cuttings
in relation to heights in tree

Zhic i, BEIMEIO MR, HEEH4mLTC
VEHD EENCHEEBIL T, 10.9~5.7 % ThHBHBH, dm &
2B EBEWLT2%UTICD, ZEALH EHCLDE
fLERRER . ARCEETNDTENO 2R, FHEeL
TIIH EEC T —ETH B rb b T, HEBEHE
DOHBRNRZ O L 5 il EEic Lo TELT DD, KD
IO BERHC LS b0 LEIND, HiEoREVRA—TdH
T, fHiEoinilso Bk EEC XoT &)
(Fig. 36 ZR), H_EmOEWIRG i EHio RIREM: S
WHIEZ XD EL 2 bhb, ¥, BAAAMECS R
DHRAEY, HEB L BEREY HE H B LR
7, BOHFMINCAD &, HEFmIMR I EBThhok

FARIET 2 EE 2R E - (Fig. 13 B1R) oo, EEHTO HBRAEL 5,

B) HESERI RIS HEA O B R

BHORMME DS bbb 2 R Yy, EMAOKEERMENC 5<% ¥, Fig. 56 O X 5icik5,
chic i, r RE—OME BT, FEEREE NS 0 EEEMTEO HBIRIZE,
L2L, ZOBRIT ORE I L OTEORENER D, BILCEWHTEIRE TS E DA K
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2, TRKREL DI ONTERENKREL kD, 2FD,

=2

1=

I
r ORERIC & 75 5 MM E O MBTROBMOE AL, ; REaE )
=4 - Breast-height
MEEEI NI Y aTh D, Zh b ORI, = | e /
HAKICE ENB IR X Ol (LD ofss, g fap—ane /
MEERAAE WERKE ERTHD (Fig. 15 BLC 7+ ‘/
25 BR) T EeNEELFHLLOTHHDEELD 54 /
nn A
)
3. fioK&EX =
o e o 7
WIKF B HiEORE 13, EHifEORsDFEKRET PN S S N
- = - 3 - s r ) mr.
b5 gD E ] ThHbbLics, THTHEOKRE X Fig. 56 Mo B AT HEIRC oL
COWTOMSH 5 Bt ¥ED 0T, HikioEXs T Dy R b R B
BB DIESRRETH S 15, BHEICH b szzﬁzfgfzgfzggzﬁ
NAHIOKE JTFEOKMAWC L OTERD, AXKED breast-height diameter trees

CEWT, BHECH LN EEHORE IRLORMETHLb L. Tihbb, HiORMEY 1 mm
B TRIEL, 5mm BEDEICRAILTY -3 —F (Fig. 5 888) itAL, EREHEW ks
HfEE b O TEDEMOFAOKRE X (Hifd) L1, TOBA, AEMEIERE THEL D, Hh
HrlThbbnd bRz LA e, KiFFHAMFBOMNE (round or oval knot) THoT, Hif
HIFE DX GUIIIRETH DT,

(1) Bhod b OffiFE s fiokE X

a0 b ORIEECr ) & MM TE OFEEEE(A ) DR E MO FH Bk T Fig. 57 K73

chic kg, r=8smm fiEE TIL, didr & BERRNCERAIMGRY RT3, rAZofY 25
O dXHAFRE LD, 20X 5 hBIFXEHREOME L BUL T3, 1 2RA—0O#HE D dico
WTK BR2E, M, LHEOMEIXV, RMEOME h/N&L, F0EIr =8smm % %5 Mt
FELLKREL 8D, ThT, HigiEoXkE ooz
FOUUM L D LRI\ TAE L (Fig. 16 B8) 7= w00
DTHH5,

IS DERT, AKCEFNDEIEDOKR XM OH 1204—
HOEHE X o TELTE Z LOEEY S T TWBH LT -
Zzbhb A, EEROEEEE, HAECEiE L THL |
bt i DHE MR E LT RKDILDTHD05,
Fig. 57 X > CEEN iR I OEems & ik
TEI\, £ T, T EHUHMTEOHRORTHEL O
Zukws (Fig. 58), Z OHiROAFHEL, » < W o _
¥ LTHMTEIC 3 5 i W EIEO R SO 0 L LT e "
FRELEICLREE D, —ED ik} AHiE DY Fig. 57 i B ORiEk(r ) & BIHTE
K E DRE R B ST KA 2 70 . Fig. 58 1K X5 DFIECD) 2 DR

Diameter of knot on unit cutting
T, HiEosEgR R, Bha b 1 =40~50mm ¥ T (d) in relation to (r)
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Total diameter of knots on unit cutting
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2r

BEAMLEDHATEH, ChEITLERL, FORDEIEIIM, LAMCR L TRRaA, V, R Hi
CEWTETHD Z bbb, TORKMERRTEEO 13, Fig. 36 123\ Tk~ f = 10ikE & FEmik:
DO IERME (1 =45 mm) LIZF—HT 505, HEOFEBERMALK XL, BLHLEI DI L
WOT, LG TIIEARL, FEER T TS 2 v\ 5 B,

Ak L0 R OFh L BRI, Fig. 57 OfEE»LEHMEOM (21) wxf3 2 EEMHRO R K
», rrORR%Y Fig. 591CRT, EEMRMZ, r=34dmm BEF CIIE&ML (21~12%), Fhbl
TIRIIFERRN I 5 -

(2) HiEELHiOoARE

Hi bE L d OBR%E, 1k X OMEOHF AN ThEh Fig. 60 3 X 08 61 1w R/T.

b ORI LiuE, HikdE e d OBIRIL, MEO 55 WEHRIIC X DTE LR 55, H_ LS

KRELIghud SRS X 5 fe i s

mm

T e BiB. Linl, ZRBOEHE T & ORIF(Fig.
85
] 57) OBAIE EEL I, ThUL, filif ot
/ 68
0 L //, LR O B2 F R OH BRI T b U
K//\ st TH% (Fig. 17 BR) & &b, HiEoZEn
10 /‘M ” HbEc ez —2 (Fig. 36 2f8) Th b
L INA % o e
— CEREBHDEELZLND. T, WTFhoH
N e FERINCRLT S, TOKECHER S d bk
Y ff 17
N <, M, L Xbix V,ROMEIRKHSd ik
i} EWERZHL N TH D,
1~2 2~3 3~4 4~5 5~6 6~7 8 8~9 m
Heght o ree. Tk L= () 084 & Rk, Sikio ks o
Fig. 60 #I k75 & BATHTE OFEHEIE (d) B FEANC S R 570, 1 & BMATHED
L oBER (r 2D g a e - s ,
MR DAFHE & DR A EE Rk 5 (Fig.

Relation between heights in tree and d,
at each r 62), Fig. 62 1 Xiug, HiEKZ 0Bt Lot
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EAMER RS T, hEikR L FEEI OISR
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8) MEEE R R AKOHOK X

X

fomEEEErR st A ADr L do
BRE M OF RN X% & Fig. 63
DIHRID,

Fig. 63 X hi¥, r AFA—DHEDd
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Fig. 63 #hisn H gk r) & fgsnE®
DIFTL B AR AR OFHEHEER ()
& DRIGR
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Total diameter of knots on unit cutting in
relation to r, at each height in tree

O X5 Iy, EEREEOA S LRy, R

SN HHEHBEOEEN KE b oo MR FEHL (Fig. 17

BHR), &R E» KRThHD (Fig. 25 ) Z2red
L3 bDeEZLRS,
4. HoOKEEOFH

3. R\, WioKRE X %M R 280

B X o THIzDS, HIE L7z BifkiL 1~40 mm OFHIC IS
L5, THOOHIEY 5mm BALO BREEIMCXS L, B

MIE DL & BiO RBBI OS5 FRIE L DBRIC > W TRES
T5.
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&, 1~1Cmm DEEROHIAYTILL, 11~25mm Db DA%\, 26 mm Ll ED L DixFhoF
EhDThHTHLrdbbitic,

5. HiomEk

BHECHbbN D MOK L AELTOVCTORAMNRERNIED 108 LT, WEHEID Hbh b i
DEFIHRICOWTHRETE A %, HIOTARY, HEME & SO X >TELL, BT EMNE
TRILWAY, & 2T, EOmBEHOR (B #ERLTAIMEECHILbT I LicTs, 20k
5 TR EREGRRIY, ENEOC E AR MERTE OERGCE - L E X DB, ek, MAHE O (1,000X
2rmm?) XTI OTRILDH D, ThCHT2HOAFHERED Lo sEasRe, “hu Homss
R EHTHZLicT 5B,

(1) B & Ok - HiomEk

Fig. 67 i1 & ML DI DA FIERE & 0 BR% MR OH IR T,

HiDAFFHRD r L IMEL CoBL, FH s
£ 1 ODRFRKER Lot LTRINS, L
2L, TOEUIFRIC L >THR ) R Ric

I //s\f

B
L, M:LOHER IOV & ROMEAEAER 5l |
BEEMLTWS, M—orTt, V, R Hiic %w //// \
BT AEEM, LHTCRTFsb0L hREL, H _—

T 380 mm TRD & & T DFRAEN 2 BHD A,

T
TN

)

Total area of knots on unit cultting.

M, L #0282 7T 1 1% 50 mm i Mﬂ / :i? \@
BTHD. Thbb, M, L Hiicid, ks - i
T B MIO TN e 4TE D R 8 (Fig. T e
36 BHR) IV MET BAMEE & 5T Fig. 67 B4 5 OHiEE (1) L WOGFHED
WaHA, V, R MIITIE, £hihIbickEis Total area of kioat)s[%;){: unit cutting in
T OMEARKME L 755, relation to r, at each stand side
Fig. 67 O Rh LEIOWEER L Ko % & (Fig.
68), ZOfEL T HIERIL, oIz e
2T, 0.6~0.1% OFEHT Bb+5 2 Lpibh . \\\
S, HIOHBEICKWTh, [A—r o M@ i?m \\QE\
M, LEbb V. ROFRKE. O URTH 2k z\\\\
5 ' SN
@) # k% x o Y I RN
0 175 £ B ATHTE O Mo AFHERGS L 0T = \\ A
DER%E, rilczhEh Fig. 69 XU 701 RN
NI L 1|7 5‘4 ST 6 85 J|02 -
INB ORI LU, HiDAFITEHEL D Fig. 68 Mhi b Ol (1) » HioFER
ERERIE, M LB MR I T 20 <, oh & DR

Area ratio of knot on unit cutting in
B ETIH EEaE b Ref ), BLES relation to r, at each stand side
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g’ a
i //\Nmm— i ) r(m:
F o ANE |, T
3 /’ H
Ez I 51 ] Z—iﬁ i »\4/\ )
cy A A i ] .
e Vi s Fac - —
g £ \ ( 51
e L i g’ L \j/,/ /‘E 8 -
© & o
g L ~ ., /_\/
< 18200 > — 02 = o
= /
e T \\// . - 8
775 57 5 5% &7 75 83 ™ C—T7 73 37 45 5% &7 T8 &9 n
it r & o @ & it & ) W 8
Height  in  tree. Height in tree.
Fig. 69 #i k& & M OE O A FHEE Fig. 70 i b L HiOWEHR L OBFR
& DRIR Area ratio of knot on unit cutting in
Total area of knots on unit cutting in relation to heights in tree, at each r

relation to heights in tree, at each r

8m L ETRSICICRPRT T EaARDONRD, hil, HEEI REDMEOTOKE X D45
% 7R$ Fig. 65 OBRICBEL CHbbh AL ZELBNS,

(3) BusER R 5 RO OER

FEE R R 5 I A D © L IO AHTERMOMFRE b5 &, Fig. 71 0X3iciks,

Zh ki, r LEIORFHEMOMRL, FHEE L b Fig. 671k 5 b o LA E tilir e =+
2%, BESERAKRE VB CFA—r OMEBSTBHEAEL, 2 2F0EKEI AR r OMEICI
Thbbhd,

mm?
00

T T T T
A& &1t Breast-heght diameter

—o— 11~20 cm J

0S|

Lok X -R¢3
—— 21~25 cm Breast-height diameter

—— 35 sl N . N —o— 11~20 cm
—— 21~25 cm
& —e 26~35cm
" N
V/—‘ 5
20 / >\1 ¥
N \\\ AN
N
10— 3 5 sJ_a & 102 mm

N
=

Area ratio of knot
A B
2
£
P

Total area of «krots on unmit cutting.
BERPoRoBAB @

r
Fig. 71 ST 245 R e 5 BE30K O B LM N
DOEIOREFHR Fig. 72 MyrsiE R0 R 2 3R O fi O iR
Total area of knots on unit cutting of Area ratio of knot on unit cutting of
different breast-height diameter tree different breast-height diameter tree

Fig. 71 O#RL-LEOWEERL KD S & (Fig. 72), 0 r & OHILFIBIGEIL Fig. 68 D4 & R
ThoH, HIOWERCENTH, F—r1 OME T, REEEBEORE S DIFELDEME-DILY
RTH 5.
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1 #MEOREELTCOH

B RO KA L LT ORI, BMEOMRNIME (LETE), Mook, MIMR X355
HhETRE LCIHHINS, LicsioT, ®HEOMER IR L > TX OFHEEENS VRIS O
LIRIRTH B, FO LD RFHIREESHA S BMEC ST 580 s bbhdi e LT, HOFH,
WOKB LI OHIORE INFELHTFLELDLND,

FOEL, NI D BRI L ST R 5 WS O e bis L OE L oMo olen h ORE, HEH
DA EDOMRE S DTHD. Hiddfbio o TOEBNLFHEREEECH B 2, —ac, Hilkiy
W LR S Boh 8 & 0 SRS L v & Shb . BiotERicounwix, e o
MR A b T B TEENIBGE L CHRE & /e 2 TTREM S B B 0 5, &L D REDTREND X
LEZ bR, WTHE, Bhiiiid Ebbhd,

HOKE LOKRE 3k, —RCEFDOBEN DIV EFENDD, THIEIOHLLNSHHEOKRE S
CABEELTELSRIER SR, 20 0y s BEMEIZR b N D, i, —HEMNC
HoTiL, MM WEE, KEL LTI EbEVORNERTHOTC, i, AN
DHABKEE JAS) T, EHFCH LIS ER 25RO EMIIRR & 27 32 2IIeDT
Wb,

ZOFEI T B EER RIS T Bl R L CHMIT S bbh A ORI oW, FTIREN
1225 INBOFBEEL D LSV, EERO L5 BESD, EEAOHEMECH LA EiT KA &
LTOBY A CHREL TR, ZO8E, 12iF JAS OHFBCHEL T, HiE 5 mm LTOH DX KRR
LHRIL N LT B,

1. HomHE

TEDBIE ANTEHETHS L LTh, MHEICHD b B0 obid, Hifk# e BHE oL TA
B X oTE B (LT3, Tibb, Honicbid, KEECRVTELM DB TW S HIEOH K LT
o LA LM & OB Lo TE 2T %,

DX ) EfRY, TR

13
i oW TN HET b & N\
ST REE, Fig. 73 © * -? ~~~~~ ‘®[@%,
I ~
Y5 s, kAR B IR ' 2 LCT0)
M (AB) i 36\~ Ti, S2R7sith ’ 5 Dl ’

®ieinh, EEIEOEG TIEFT70°,
JERTIE D M4y TIRIRIE 90° D LRI
HLOMD LS Ik bERT.

TR DA TS
W E BT CUR, SRR S h B I
SHEINTERIIC X 2T, Hbb
na o hricbit Bied. 208 Fig. 73 @i o B &
4, HiEoERBEXEHETH Shape of knot on the face

Live-knot portion

RepRn B
Dead-rnot portion.




— 90 — RERBIE IS 61125

5, EHFEOH bR EHTE (CD) T, K70° 27T LRAADOID, HOREmICERY
OfEMEOEM L e b, FEARTE (EF) T, ERAEMNNIEW° Thoiew, MEOTEHiLLD. 20
& 5 el L FEHNE, LD DRFEERY 42 mm OB AEE BRI £ 705 & LTI s &
BHTHS,

IR O B ENC E 22 Lo Wb GBITHTED Tk, fMiodicbobbbh il oliicins. &
HirE O H S 51EHE (CD) D8FEE, HiEUKEO MM & LRADHKEY >, HoEs XoR
THFOMEN L SO EZEWTIO b D X YR LB, —fic, Fig. 73 Wi X 5 sHMIEA A%
RBReTHHEMBOLERH LIcD, FEAFHE O b B (EF) T, HiEokFEEDBER O A
BL, MEFAOHEI EIEOBELMNREO b0 LEL L, MIBHMICERY b OMMBOIER L7 .

—fiy, THERIETL D A REE LTCELS A2 20, FEHRB D IR\ T, FEDHL 2
KRELHELZMRBTT5 2 LIZBEF 2R ETH B, AMITE T, FHEESKEOAE ZOHMELLS
b, RERHEOMBIIEFE L, &<, EAD LS CHIBHMOMHEAME L e 2541, K
EfEAEECHBI E N D L3RR FRETH S, T, HERRKeswTiE, Bhordte 3548
2%y 42mm OMOINEHIIEME & 7e BE, TOWHTTH B B, BN < il S h 2 FEdf &
LThH bbb EE, S 2 LITie D,

Fig. 73 oL TR ROHOTLE, HILoRIE & AT & o il % % 2 RN E <
HBH0, TOMDE DFECDONTH T L OT—IRINIcHEER e L 5 %, FEROFAECH fooTHE
AROBWMENCH b cflinf% Phot. 3~7 KR,

2. Hio%k

(1) W EHEO K

BIRINCR\NC, WEOXR G & e 2 IEFAOYAIHTET TERAME) Ofift 5 mm LT O 0k By
AR (N) 23N, B b ol (r) »oRHEHEO Fhiflic Reif Fig. 74 0 X5 i
5.

FTI Fig. 49 ¥\ CIAHHE 5 mm LITFD R

44 |
//R\( DxEDIHH (n) & Fig. 74 ON®HETs L, 1
7 \\Q: fEE i W Bichd, Nosin X D/vCh D DILXIRTHD
N o
N ~ <, NOBAL 2~3.6, r =34dmm L FickiF 51D
00 e O\ — WRIC L 785 N O AEE, 1 =10mm o0
T M N
— \\A TO0.3ETH5B,
s ¥
100 ~-‘--Ainge I Fig. 74 Dﬁgﬂiﬁ;5%47fﬁolﬁfﬁlpg (oem> Hpo
s CEASSE) % Rk, T 2o WlR% Fig. 75 i
. ZORHEL, Fig. 50 KRLEnOLTOR D
o L P 66 85 102 mm A ‘
(Fig. 75 @RI 5 A ISR Em L =3,

ng. 74 fﬁfﬁ’lﬁﬁﬁﬁ’ﬂﬁi?b\f’ﬂ?ﬂ,’é 5 mm i) BAADITDONT 0>{[!'EIJ: ;) /ié < s %@Z‘;ﬁbi r 77\;/]‘
B 2B L OO (N) o

Number of knots larger than 5 mm in BHEERTHS.

diameter on unit tangential cutting (N) IS DFEEND, —IT K & LTl T B Hi
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DEL, FLARDREHEICIWTIE, 1 RHEOT (L e [T

\]
LT Y DEND D, FEB TG 1.5~ - V/,%“WWW’ y
ADFMIZH D = Lavbnb, E2, TRIUHELED 2 ; !

BItR Lk, M EEe M & N L olERy, TT

BAVRY - 1
NIRRT BB A DM LB E DR, T Dl AN | 2k
tebb, ERAEORITL, NICHAH EoRE | \\\ | |
BHEOEBLNT, F—r OHECETBNRERE N !
DRFESER A F DI YK TH B, N

)
~/
/
%
/o
!

2) 72 MO
REHEEMHEC R T B HEIORDH B FIoouT,

TS

i
102 mm

0!

i 34 51
r

Fig. 75 H{UWR O MR (10em) ¥ b o

&

MEERTIC L OTLONIHERERTT S, & 5mm &Iz HHOK
WA TR TIE, Fig 3 0RL L 510, Bl Relation of r to -}¥x100

b L, M, V HRi% S sEIRCHEALRME 2K
HotDThdnb, MAIKIUVEDEZORLHMERNLONE. ZORELHEEROBMEL,
D& LR D DIXIEMEH M T, ZOMo b OMIEOFIHBAMIE, R LRI DI Ler>THE
i3 < BREMTE & 72 0, HEOE LB O 23k E i ERE WSO Hd 5 IERIK LD, T
b, RLIEMENL, (ICECTHRTLREMEO RS & 2kt L Cms i B 8 iEME o
et cd s,

ME 1m OGBS BAEHEHOIRE 5 mm %2254 OOFHHFK (N) 2H~N, Zhb OB
SENh5 2 LIl HAME YO VEHIOR §BAHTEHOFEEK (N) L Thit, Fig. 76 0 X 5127k
B, ZOHG, BhLE LEAHME (r =0 DIEFHID KhbbhBAlL, 1F LA ETTHHNET
»BHN, FoOEECEMCHELBORNRERE SO TEOMEE L, AfoMa LRk, HiE 5mm
LT DIRRE &R &g\ 2 kit L,

EHHEMTIREMTEEESR, Zhodd
BRI, t A KLDHIFEREL IeHhb, 6 -

N ZINXDART, £DEIr A K& B 7A\/
YNETH L EL BN, Fig. 76 120X i
3&%%%%?%,rﬁ%~%mmuij’£; //A< i 7ﬂ\\
AN L H/REL T B DL, ZOHEDH \5
B HHREMTOELEL 21 T ThD / \i
TledThs, / \‘% ,

Fig. 76 O#iEn b, W bl & HEOF !

B AR RS, WREMTC VWD b0 & 007 8 68 51 34 P:;_cf{_-ﬁ'v 35T 68

~

H 102
d’?‘: F- .77 :/_-\ R - ELA\’ ‘Ii‘,f cuan) )
R LT Fig. 77 &R T D EE, WBAKED Fig, 76 1582 BAr T 35\ CHIFE 5 mm
HEMHDOMEIRL, JEAE LURDOFEE %% b OOFEHK (N)

. . . Comparison of N with number of knots larger
B . Fig. 77 i , LD
(B:) 2 LA 8. 77 bet*ui roHEH than 5 mm in diameter on unit cutting by
'Iﬁb:kﬁ%mlﬁiﬁﬁﬁk( B '><100> WL v sawing method I (N')
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T VA B RT3 5 o (-1 x100)
8 :: LT D DENRS DD, THAKRELLBIC
o %L%xim \ ONTZDEIBEETD Z LAHLHTH
=" ;$/ § N SHIT, 7D E T IR D
2 i A TEAR F FHTE O 553 A B 7o E B 70 LOBIE
0 ’,Z/;S B %—év A GJB—LBS\,;,: DIBGHIC DT DT (_g_:?r_
Fig. 77 B2 O3 &M (H()) em) b ofE 5mma  X100) ®Rd, Fig. 78 1R+, Zhic
X BHEOR (B, =HTEOFHIE) TUE, 2251 & HTC T 5 BRSO
Comparison of 2lrxloo with —I;%Xloo(B,:width WO, * AL, MBLE bV
of unit cutting by sawing method 1) B\ THhTH B, = el H B
i WTDd o (Fig. 75 3f8) L bX5B L, WEMED
N EO# 1/3~1/4 T b,
\\'\\ SRB DRSS, HEARD 7 b E MG 5
. M/\\ B3, RAMEC ST 5 M OREI LRI THE C &
e Dbhdo LXK, HE HVELIIEL KT, 72
él“'%. Wt W E M OSSO T OB R S TEDTE L
\ %0 ThbHDZ ikt LADHERKRD LM & Hig ol
RIEOWTHEKTH S,
" ot 3. HomUEHE

Fig. 78 ROEHME (MER B-) ik ) . PO LR D BT 3
CIERLE CHe\ S CHTEIE Br— HIO e WHEHTEN, B U TR SO M TE & 75 %
2DRDWCTOHUMER (10em) 25, RLEFHlisH 2. 2O, HEOAE ST,

20 oz f o x100) TOMATI SN THED b DHRF SRR
Relation of r to g_':%xmo DRV, ST, BRIV E R B e, BX1

mOBAMHEENRET D, kLl X 5, EHME
BAbcir, SAEKINC X 5 M VT 5 B OFE I LN THDh b, & OWMAIME TG &
8% BB TN, FERAROBEMRE /I L CTERE L7 B EEEAMBD 2 Licd b, TS TS R LT
B, NPEOMKOLE LRk, Mt smm 2Z 2540 ThD, DFh, MEIOHEAHE LI
N=0DOHEDOZ L ThHb,

(1) KIEY &M & AT

PHAKORIE D -2 LT, MMTEOBLH S ORI X OFREEL, Thb & BN HED
PR L OBIRZRD S &, Fig. 79 0L 51cied. Shic Liug, BhOICIE B G EEER 8 A M
DHIIKIIN S, WThOFED 10 %LITTRER A, BHLABEE D 51T Lo T RIS
ML, MEOHFAIC X BEENFEECI D, forxiE, r =8 mm LIETIX, M, L#HHEICKT 2 IR
X 20~38 THHA, V, R HEICE TR 4~18 %THoT, LI REBWTIZ6 % L Tie3 &7

Lo
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Fig. 79 ¥, Fig. 54 (V, 2. £R) offim @l
TWbA, Smm DITOHi® KREEL\WZ &2 LD
<, WEIEAMTEOHMBRIZ 2~5 %ML TW5H 2k
iZ7ie %,

(2) FURSM- & AT

HER LA DU R & AT o R o BIR
%, Ffiklic Fig. 80 ©x3s

THIZ X AuE, MEOFMC X BERILH I ) RN
ThBHH, FH EETINC 30T 5 BT RS
fEE, Hb RS 4 mEUF TR 10~16 %, 4m L)
ETRVTRE 4 %LU T THOT, HIEE4mERL
THERENIRDOND, Tibb, —BLAKRDER
MTEThHD 20 EEL2D &, HRAOIFELNE
EOMEHAHTTO B & B RN 78 b DR
2HY, IFETEH T IRPHEFL L0 Lo
EIND,

Fig. 80 1%, Fig. 55 (V, 2. 2{&) offif s ELIL
T\525, Fig. 80 oMEHRL, HEE4m LT Tk
4~5 %REL, 4m L LTk Fig. 55 0 % & Kl
AT

BRD Rie B HEUR 2 B L 7o AR D SEET A T H
LA+ % &, Fig. 56 (V, 2. 2R) LREKOMH
FamRL, R0 &5 RRSARTIE, B0 b o
PE—0 I 51T 5 EEHEHOH S 5 WTREM:
X, REDECIAILIEM LA O0FEL, 0
FERIL T ARG CTRECHD I Lhbh Db,

4. Hiok&&
(1) WEIMEHOHOKE X
FEER 1T O WA E MEC ST, B 5mm 22

40.0
—— M /23
s 300 —~— v
z —— L
5 B —— 102
=l //
o B 265
21 ;’
= 110 4
B |
0 @atEn
Z 5 Measured
£ L. unt ;
. i cuttings.
© 45\ <08 4/
o
2t /|
T #1000 I
5 608 /
\q// //\‘
0 !
1 34 Si 68 85 102

" - mm

Fig. 79 #hin 6 OFEEE( r) & Wi A H T
(N=0)DH b5 IEEK L OBR
Relation of r to percentage of unit
cuttings where N=0

' [
=y o M
2 ot v [
° a L
5 a R
< ;')Q ; —-xe-: Average ||
EN] S8 1@ Measured unl
S m || 132 cultings
R o
1] \s
A1)
S & N\
= *571() N\ | 32
I
%3 A
S N\
=
o % \ | 10% 680
o \y_%ﬁmedn .,r)_
* . T
i
773 37 45 56 67 75 89,
wrB o8B

Height n tree,

Fig. 80 #i i & MAGHEAHME (N=0) O
Hobh bR ORR
Relation of heights in tree to per-
centage of unit cuttings where N=¢

%% b OO (D) %R, r L oBFREHEHOF I REE, Fig. 81 X5 1its,

i Fig. 57 KR\ TR 5 min LITO b DR &G FEHE (d) & Fig. 81 © D &l
Wh L, rRIVCHMNEOMBRLTIEAKLEMERT, TOREL D OB 2mm RTH5,
Fhebb, r =17~102mm Zk\C, V, R HHEDODOHFHET 9.5~16.5mm, M, L HETIL 9.0~

13.5mm Thbo

Fig. 81 Db, wHmiowamist (D x100) #ks, Fig 82 e, comf,

Fig. 59 il d @ow<Ton o (Fig. 82 ik 544 Bl EREL =T, d oW TOE

IORECDIELHLAATE S,



mm
1800, ’ ‘
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1600— N
—a— R
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// ai
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/
1201 AR

100 3/,
7/
i,

T 5] [ 02

Fig. 81 M HHHEIC IS\ CHifR 5 mma

2% b O DFHEE(D)
Diameter of knots larger than 5 mm
on unit tangential cutting (D)

FREER BN

#1125

30
=] ™M
\ ° v
) \ a L
X a R
\“‘
\
N\
o I\
2 \
I NS
s N
o NN
Py
ll%x\oo' \\&:}‘f\
(Fig.59) =3
i 34 T €8 85 102 mm

T

Fig. 82 BAE H MTEIC I\ THITE 5 mm

B2 b OOEEEMIRE

D
(? x 100)

Relation of r to %XIOO

BERAROH FELHESER & D & OBHRE, T TRENLARRITBHEA L HE VEANR . b
b, SERAKOFE 1L, DI TIHI FEOEETILF VD LN, A—r1 k)2 DX, #HERD

HEEREIAARE VL DR ERTH DD,

IHHOEL T LOBBROEFIZEEFEL LR,

INHOMRET, HiDARE XELWUREMEHOFEEROAZC L D THRILDTHDEA, R : LTLE
EDEOKRE XL OWTOBFRE AHS 2 LAMBETHS., THIEDWTE, V, 4. KB THioKRE X

DEFFEE LTI e B H THDOT, MHMEDOLEAL LT,

mr T T T

| M ‘ v
. I
I
)
I
= .
| |
. I
oL | :
[l ,/J\ Rs
| |
13 T
\\/ '
/ !
I
/] \\ |
X )
1 g
L . :

+ D —
;

L]

Y07 85 68 o %4 17 0 17 34 51 68 8 102

8
fnm)y

Fig. 83 72L& BITHMTNIC IS\ CHITE 5 mm & &

2% b DDA (D)

Comparison of D with diameter of knots

larger than 5 mm on unit cutting
by sawing method I (D’)

r OFEENELWASTHD (Fig. 64 5
-

@) rELHEMEOMOKRE S

1. RN CHBOBE LRk, RAEEI
K EOTZ bR LBEMETRITBHDOR
X X HOWTHET5 -

7O E MAMTIC S\ THIR 5 mm 2 2 %
%4 oI (D) KD, Zhbofit
HrE&Ehs 2 itk dMEs LU VERORE
WM OWATIR (D) &g,
ZOBE, ko i
HOBED L5 CHNAIZEDTELD  Lid
FM T BB, NIRRT B, Licdio
T, BEAETRTHMNEITHHHLE &3
DHME (r=0) (%, Fig. 83 KkiToxE
EINTU e,

Fig. 83 DX 5t 7%,
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72 B8 E ML, BE MO M FIEIESS 2 b otcdb DT Hh v, 0 BRERS dh b s i
%, ZOEDELLY L OB EMEOL DL VY KRTHE0 D, —HICEDOHEHEIRES, D' X DX
WREID LEXDND, Fig. 83 (XD X 5 lIRERTA, 12 68mm 2Zx%s D' 2DLDH
MEL o T WD DL, HgOBG LRKCS, ZOBGORELLELREMEOTEFES, 21 LITTH
DletedTHB,

Fig. 83 DR b, VISR B, DR H = HECSV TP (-0 x100)25k,
L OBFRE Fig. 84 10k d, Thk Fig. 82 KRl
HHEIC 2T O IL & iR+ &, r 2 ORI

%

HOEAAFD BN, T =17~51 mm T WKEME ©F //w—\\\
P 22~3 %KRTHDN, T =68mm L ETIEHEHELIE 9 S
FEL D g, “7/ \\

NS OFEREL S, HRAKOR S EMEIC BT S EO $7 /
K& X, BIERS2S < & ERDBIACE BT TR /l \
BHTEOBL DL A7 DAEH, bE 0 BLICES 7l =i
METIZRERN S L2, Lal, Zhi, FA—r RS S N N N S
DOMEThH, BHEBS OB DMLY B ORFEEL IR 5 Mo mgSJL%%%ﬁ{Hmkmbf@u
LDEDVREWEDTHOT, BERGO r OEHREEL 5mm A C % B b ODOFIITIR
THELIE, U O oW T OB S (-5 100)
TRHDTHEELS B, 2O it 1 UADERADFMAIC D’

Relation of r to ?XIOO

BILCLRAERTH D, g

B, TTRHEANLI L, TR0k (HE) ¥WOoRIMETRTILCHELLCTHD
7, BoREILLTREEREZLD AL, MLV GEBIERS Oz Y IbrKk LY, TOREIH
BAEMACHbPND Z X 1. TREWTHRALE D ThHD,

%
3000

2000 e/—\\<

. > ‘j“ M/\\ \
a5 L2 o
1000 /gyc}/ L e _ o] S S S
/‘; c X \// ° \
* 400 ) - B, X100
’ ’
Fig. 85 —??le)a f X100 » DIH Fig. 86 g g_
N X100 and D—><100 Relation between —N—/ X100 and D’ X100

Relation between ot or B, B,
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5. Efitt&EELE

LR, MHEORE L LTOfiY, FOREKRE ZIRDVLTRONORBRFHLILLOTHS
7S, WEOREMER NS fcw, FHEOWEEI KL L TEE RO BRERDTARD,

O B ORfRE & 47 H M k1T 5 Eigcbs X OUIRINE, b SR BIR A L A R R B
5T LETTIRAN LR D ThD, 2T, WHMEO S & BRI SBIRC D B = &2
EAINBA, ZOMFE%Y Fig. 75 BL U 82 bR T, Fig. 85 kKR,

7B & M 1 5 HigUL & MR Lo BRI, HREMEIRET 2 S0 Lo h 0BRA,TDLN 5,
Fig. 77 5 X0 84 HHRDAHSHEMEITOVLTO Z DML Fig. 86 1RT 2% 0T, HiHI,
HigUEA 1~2 o & ERREZR T Lhvbd 5,

I LHbEADH

HERROAMIHITATEINC L BB H TN, TR OMEKROH FE L AUKER & 0lERY, I
HEXEEN OIS TR, Fig. 87 X 5icicsd, s i, AR, s, HES 1~4dm D
TBEL 4A~Tm ONFEL 3mAK G 10 K

T 11
BAaE K) ELTEHM L T, FoRAERIE,
|- Breast-height diameter.
ﬁf”mm* ' ITHETIE 156~24cm (5~871), MFETIL 12~
T 2 cm (4~7 ) rish, bbb, HERIKD
_zi" | oz s ™~ R, B6 ROV B IAKTH S,
3l g L SO L I AR ITR £ B W R L L
o \\ TR R DR b Ok, FRFE L LD
2 N . o _
E&l 11~ 20 cm (38 %) \"\J LHLIEAAY LARED L, r‘?xﬂ%&%kbfd"ﬁ&ﬁi, #
[=} | \ "
\\\ ~ S, FA XA R T R AR (R L E L
] BRBY, £T, HRAKLLABLNSEE
- L TR 2 LTl b HIEBEEC S b3
5 Z 5 7 - TN THRET5,
tt l'__ =3
Height in tree. VIZ I\ T, SRR oE#iic S bhh

Fig. 87 3k (MEEILD OEREOE/L
Diameter of study log (sawing method 1)

BRE E L TO—RN IR TRE LD TE
B, T IZTIE, MENESLBEEIRTVWS,
b, ZOHIEOWTOFMS S HICAARIN 7%, B, HEESH L LRI 0, HEilAm
DENEEFHION G L e BHRIEDE A L B D, 4MEITNTEDOMR LD, ¥4, 10K, 12R,
13.2 Ric EOEADOHMFRL, BHIFLALTOFTFONRTHAINDE 2D, b3 gIv#HE 315
WA ROBE LRI D, @MEY 1 DOFMBKML L F 2 LT udn by .

DL 5T LSS IEAD KL LTOMHNE, FofEAIIEE L OM o0k ik K
HEARE LCTHii S 5. AR ITHE IO S L OKE AT OFEL 22, EAOTZELHERI K
ThHicw, —RRciE, BREHMECSELTWA X DY, HoRD EbdTOROGCHENS\ T L3
BHliaED, MEHENSIE TS, Eh, Moo L ST M0 HE S0 Rk
LOTHRLD - LIXMRTH D, —BINIE, MooX X & Mg i35 iRk L ofific FHEERHE, D
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BVIDT, ZOMMEALGR, LI IJASIKEWTHHEIN TV IEECKT ZRAEO MR
FHAENRE & 725

LDk 5 eBliisb, ABRKNC I OTARELNCIEADHIIC DLW TRITEMA D THD 2, R
LLEFOMER3m T, HEETHZE, IFETIE 1~4m, NIFEETE 4~Tm THDH, —RIT
bRTLB 00 BIEAOKRR D BIL, BhLxiEtoe L, Wkl X ORI 32 2 M & T55%6
MELG, W|EHRITC LT AELR EAR, HROEAAB I LS Biciinbor Exbh
B, Fiz, EAOKED THE, EEFNCIOTRLD OISR THD N, PHROBFEL, IEADR
B LOREFARL L XRELERLAE I RT Table 7. #5& 4 m OEEAAKNBARBED 2 7
Eh L\ BRI ICHERC Lo TIRE SN B D BAREATHRI AR

Percentage of maximum size squares cut

PHIECHET. MK 5 FFALD from study logs of 4m length
i y[w Si f | 1st] ond 1
mm 9, %
BCBATR T b DThE A, ARk o, DU Numberl 7 Number|
34 S 0 0 0 0
POAIRD AR RO KB Table 68 2 | 18 23 31 40
7R, TR XU, SPOREEFHFELT 102 34 20 25 20 25
b, 1TUES THUEOEAEATRD 5 2K 136 45 23 29 19 24
1k, I/ETIE 23 %, | 11 o/ - 170 56 ! 13 17 s 10
, 3 %, NFEETIT 11 %RET 2o o s : 1 1
FTEREEIBND, =
toa |7 Lo |z | 00

sds, THhHLOIEADENCOWTE, VIDHE
LIABRE, MR Smm LITOSDIRRRE LRI LICT 5,

1. EfoHH
(1) FEADEMEDEHK
PELLEMAOTRa(=21) L20 3m ROEMEIC KT 5 EER (N) 0Btk HEOF B

150

T T 156 T T
WL NE-RF

He.g‘ht -l‘; Yr;\‘ee. 9\ HeAan!n;vl"e‘e
W — 1 \
N \, \\ N R
NN | X
h ]
S0 o= M \\\‘\ sof- —— ™M
.V —-— Vv
b \\g —_ L
. o R | o r
1
0 N T00 FLI— 0 " 1 o - pig—
Fig. 88 IEMA~T# (a) L EMHEOER (N)— Fig. 89 IEMA~T¥k (a) L &MEOEH (N)—-
136E IIEFE
Number of knots on each face (N) in Number of knots on each face (N) in
relation to square size (a) cut relation to square size (a) cut

from 1st log studied from 2nd log studied
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Ko e, IFETIE Fig. 88, MFETIL Fig. 89 KRT L dicikb,
Ihbofffic rhE, I BETIMEOFM L OCNIRLD, EFHoEALS, NIIM, L F
fTAN, V, R FRTKRTHS P, NFFETRHMEDOFAMIC LB NORERITLE HFBD LR,
HAETEEINDIEADOTHE L LT, 100 mm [t (3, 3.3 <, 3.5 <) 03 oRNFEFANCS
WEEZXBNRSBY, 20X TEROMRIEADONIZSVLTIFENLDL O LNFENL DS DR
LTAh%. IFERCKTAHNE, M, L HETIX 7~8, V, R HETIX 10~12 THHOHL, NF
ETE, HMEOFRMC X 2BBEIAFE TR, 10~12 THhD, Lir>T, IEMO FHEO figi
DWTAHATH, EEMO I FBELUFETE, 1) OFRENEEN DD LD LEDBNS,
2) EARBT 2 EEMES X OHoRS - FOMHE
EACHLbLI SO EHECIE I3 XY, BHiLH 2 CEHOPRGHENLZ SRS X 5T
LOREFOHIMIZED DR IETHS L INTWA I UL, TTRERLCLEB I THD, ZOELH
% i, EAEEHEOARNME S L3 D THD, Licao
2 / T, EADHREEHTCH L% b ODOEETH LT
/ Ihd, HoRLSWHMEDD VIR DT LIKEHO
' M &M T 5135 2, EAOHIRICOWTO X h BRIt
0 / ZhTTHB LELBRS,
RELLEADS b, EEHEAE TS L ODOHREARS
L, Fig. 90 WRT XD ELHTHTNTHOT, — Kk
0 T N EAERLEZOND as 100 mm BB S DTIE, £5%K
Fig. 90 WHibHE Y b oEEOLER TEKLL, Lk, ThHXIRTIBFEILX b 1HHE
Percentage of squares with DHIHO L DT, & OHEIAISTHME f2k LFETHo

clear face
oo Fiebb, HERROIFEEL LM ShEATR, B
% T T T T
Wrdnil 8 k L& 308
8 - Height in 80) Height in
tree. tree.
I~4 m 1~4m

WE&h o W E wioth @
Height in 3 Height in
tree. tree.
4~7m 4~Tm

o
o

0 6 02 o |'702?:mm
Fig. 91 £IEADEHI R L S\ M0 HLR Fig. 92 £IEAOHIH RS Dic\WHE O R
Percentage of most knotty faces on Percentage of least knotty faces on

each square each square
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MiEETS b0k Hifes T,
FERNZ EDESTHD,

IHBENSDLDTY,

I MEDORETH DL DT hbhBIC

ZEEACEWTHIARL SV H D VB L DRVWHTEOF LA AN, TOFMIHBIERLRD S &,

Fig. 91 % \% Fig. 92 X 5iclke b,
MY, R FEoMBIERE <, BOHEEM, L
FIAECERATED BB A, ITHFEELD DL DT,
S0 X5 IeBEAIES The <, #EL TEHR OB
FITULRED TS

DX RBEERCR T D H OB S ME OB K
(N max.) ¥ X0 BDHEOHYK (Nmin) #FN,
EATEKa LR EhONEE L DR RD S &,
Fig. 93 ®X >« /5, Nmax.it, I, I BEC LD
ZRITKEL IS, a=100mm [FIHET 14~15 TH%
2% Nmin, i3, THFEEL Y IFEDIZY imviehkE
<, TRENAS B IV TRETH S, Nmin, O I
FTEDIZH WP T L, BRI EEIA T o
TOHREL LI, THcELTL, IBREILLIE
Enb bR AIEADKHNEEMC T ThTwdo %
LR T, I, IERFEYEETAF/PALLLE
HahichR 2 flo—RBinic EART (a=3~3.54)
DNT DOFREHERY T, Nmax. iX 13~15, Nmin. i
TRETHST, LEOKMELIE—FT5, Ll
FIALICRER IS TG L e HADIL AR S B DI
i, MRYEBCAND &, Died Ld, ZOFERK
DODNFEEIDBZOHLNAEAD Nmax.,, Nmin. OfFi,
R&H-DSG O—REARRO TR L O L b RPRiC
bbb DEEZLND,

bz, b Nmax. I Nmin. i3 51E
O E K, Fig. 94 1w/kd, Nmax. wxi$3%
FRCY, SRR AT X A EIREES BT, N min.
ORI, NBFEDOHNYARKTHL 2, \WwIFhia
LITIF A BRI S B -

2. FAoHiokEs

BWHEC BT HEIOKE Jic o\ TR fepiziy, M
REMTEIC BT B AT X > T —RU A RRL
oo LL, EADOEHEE, ZOMENbELTH,
M Shh 580 5 bIRKD d O Ok w B

chbizhig, A0 I FEELDOEATH, HoR%

LA E
Height in
tree.
°- &:l~dm

15 hN /\\ S AT

éloc N —]

SN Y

o AN \ _/\/A

\ Nevin
~,
o— : -
Fig. 93 IEFATH(a) LIEATBIT 2O
MR X URDME O

(N max., Nmin.) & DR
Relation of square size (a) to number
of knots on most or least knotty
face of square (N max., N min.)

250, T T
L ll’:.l’_v'x’tﬁﬂ
Height
hee
200 ‘.,A:4~'7m_

B %{ X100
S
;

x
5

00

N, 00 \
50 \

0

a 100 200 mm

Fig. 94 Nmax. 33 X' N min. i&xf-3%
EAOHR
N max.
a

Relation of a to X100 or

N min. %100
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BONEYRLICELORD, iz, JAS ofAEICOWTORBCE TS, 0 X5 eHo
T NFIERNTeE L F LD T D,

ZOMEICENTD, FHOMOAZILINLI BEZHFLD LSWTHEIES S ricdd, Tib
5, HioAE JiwonT, HRIEAOIEN, MEWFTHliL T2, EROEAOMECSHLHRS
Mk ROHR X OEIEAD 4 M %8 U THREROEIC W THRET %,

¥, T I UL IR, TORBMTE O oL TR A ARk, Siog/ MR lEL Lo
ThHb,

1) IEADEHEDORKE

BELLEAOEHLOMEICH SN BHID 5 bERFEAD L 0T, EATHEa LT OFEHEIE

LOBEERDB L, ITHENLZ AL DL Fig. 95, T {FEH OO Fig. 96 WRT IO
5,

mnm mm
2 , 5 T T
Termaim | T Ty
B -c: r\;l | Height i | f‘\: __ Height intree.
. —— L hl‘i‘«el& m o - L 4~ 7m
‘% -=— R e -o- R
20 < :
?Eﬁ a/"*%‘ 2 & /\;‘//
[ & o——0-]
ve | - i oL e
"z Nl
1 A - 150
AV ¢
1 1y
00— 0T W W 00 200 mm
Fig. 95 IEAEDOEHMEORAMIR—1 FE Fig. 96 IEADOEMEORAIE—1IFE
Diameter of largest knot on each face Diameter of largest knot on each face
of square cut from 1st log studied of square cut from 2nd log studied

Zhbofghe Ly, EMEOFEAIIOAE 2k, HEOHFLIC Lo>THIk ) OELBDLR, M,
LAMEEWT/REL, V,REMRBWLTARE LA, Shbozl, L TIFENLDOIEFDHIARE
o a =100 mm BB R 2 MR ORAEIRIE, IHFETIE, M, L OfFH 13~15mm, V, R O
& 17~19mm T, IHFETIE, M, L OBEER 17 mm, V, R OB 18.5 mm Th D, EATHED
B, IJ/BEILOLDOTIRL FE WD LR, UFETIE, aofikie &b i &HHEORKE
BIRE LBEANLLNRS, KL, HFENLDEMATY, a=100~170 mm OEHTIX, an
BN LA XL 5 ThD,

2 IEfOBKE

PE L - BIEAO 4 M4 U CHiREAROTINDL bbb 2 M OH M E TN, ZOHFN BB FE
kb k, Fig. 97 0 X5, chicxhuf, HAko 18R NHECH2HLT, IR
EFMCHFELTHBH, £ M, L Fhicks ik, V, R s TEVER A bR,

2015 KESORAMONE (Dmax) #rotomizlt (20 x100) 23, EfTika
FRENRDOEHE  OBFRE KD B &, Fig. 98 DX 5ic7ch, Dmax, i3, aDEITIF LA LRBDH
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T T
wrS o @
N Height in tree. g

I~4m \
6
L ) \

[~ Height in

trée. p
——1<4m ma xloyo\>\

4
b<
e

Drmaz 150

0 ol = 4~Tn = 50,’3'"
o Dmax ”
Hretigl;\?:ll\) :? ——=" 004
4~7m
N WJO* 00 mm
4 Fig. 98 IEADHFEAHIOHIFE (D max.)

klﬁﬁ@%(g%?iXMQ

Average diameter of largest knot on
square (D max.) and its ratio to width

of square face (R%a§'~><100)

68 a 102 136 170 mm

Fig. 97 £IEMADRKHEI 2D b D HE D&
Percentage of faces with largest knot
on each square
P, o 19~23 mm DFEIHICH D, WTFho aickunTd, THEEMILOLD L Y IHEEMSL D
LDODHFENRRKRTH D, i, AR a LN CBIRICH D, YRIRL NFEEILDOL D

DFMRPLRKT, a=100mm NiETHK 20 BThH5,

T S TIENTW B HIEE, TTRHEAR L S CRAEOR M TH D A, EAOEMNE, JAS b #l
EINTWD L5, MIBAFAOEEAIBICRS, VI, 1. ICBWT ke X 5, 7CERE o Sk
WHENCEHZ L WEEATL, MIBHROmRE, EEOHTHHOL DL hRERD, —RINATFALL
Ta=100mm HED L DEEX D &, ERAROMEDEIELF ORI L DT, TOEADIEHTEHC
Hobh DY, —BCIEEiTh D, TOEIKD LRMARK 90° THhHh b, FofHEMEOHORAR
WX S BN RS T X, EIEOKEEOBMEICH T AEMOREE L L Vv, @B L EAORKE
DM EICH L TRADERZ LW 2 KEL T, Fig. 73 © X 5 RN b 2 OMigH Mo 8t 4
KRB E, 30mm [iE LD, TOHE, a=100mm i, WRLI0%LkD, hbo¥ks
3, I, MEEEZELTDAEPEHSEM S —BNEEERZICOWTOREMEY Liaifs—H
B

3. EAofifit & RAEEL

RE L CIEAOHK LHOXRE JIC oW TOMENELMAS o, HORE R L ORDHHOMKIL L IE
AORAERIL L OBRA KD, ThEh Fig. 99 % X0 100 R T,

D ORI D, ThLDBERISTR L IIFERICHEATS & 2 2nhd, S0k B,
D R ALY KB WTHIRERAETH Y, ChHOBENS, 0L bIEATIE, BAMREDD
WILEIBURD B i 0T, Highd B VIRBKER i o\ T b HEEIICEHIIL 5 B 2 L 3E 2 B
s,

4. EADHICXY 3 AMREOER
Fb O\ T OSEAMN T ERRIE, HMERKICD £ S RERGIC LT OrBETH D, B
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—102 —
&
/ q
2 " iy
8 (=3
b4 /)j 5 D
b ~ J
Tl z L |
0 e T 10 ian
—— 4~Tm —— 4~ Tm
0 0 200 0 50 00
Nmar_, 450 —x —xl00
Fig. 99 Nmax. x4 5EMOHIIE L Fig. 100 N min. &2 EFOHKIEE
IEfAORKIERE & OB EADRKHEIEE & Ok
Relation between E%lavx X100 and Relation between i\l—‘;ir‘—'xloo and

D r:ax %100 D n;ax. %100

24 e =

fro MM o B AR BRI JAS (BHREER
BAEZOLNDY 25, bHEICHT D TR ERAORERSEE LTk —BINeEEL e DTHD

tRibhb, £2T, ZOHKEOHIICOWTORERFHEY MM ECEAL, #RK»bLLRDL

S5769 B, 1953 45 11 A 10 H) 1%, AAMCKRNEYETS

L BIEAD JAS FECOWTRENT 5,
ek, JAS R HEEMIEADOEIC ST OMENE, Table 8 1R X 3, THiOET2 M

Table 8. FH © HAEKEH (JAS-1953) 21T B EEBTEADTHIIC SO\ T D FEERS

Grading method for knot on softwood square in Japanese Agriculture
& Forestry standard (JAS-1953)

i =3 | 1) D E: 7 Bl J&
Grade | Permissible knot of different grades

fm fH b o, ¥ 1 HMEORCETH LD

T
Grade I Clear None or on one face only

T % F /A

Grade I A On 2 faces only and not to exceed 20 %

T & /N W 2HMEDRZET S LD, FruX 3 HMEIREFEL, Hin% 30 LTOdD
Grade T B On 2 faces only, or on 3 faces and not to exceed 30 %

SHUDARCHET DD, Fihit 4 MEIEL, HiO% 40 b}/To [0

.
On 3 faces only, or on 4 faces and not to exceed 40 %

T N4
Grade 1 Common

& % 70 LITDdH D

I &
Grade IT Not to exceed 70 %
1 o Hin% 90 LD 0

Grade 1iI | Not to exceed 90 %

2. WTH, BRI OBt WEIL EORE XD 2SO L 2l
Remark: 1. Knot % =The percentage of the distance between the two tangents to the
max. dia. knot parallel to the corner, to the width. of square.

2. Knot hole, decayed knot or loose knot shall be regarded as a knot of double

of its max. dia.
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BIOTHDYG 1 (MEHEmOmRcLC  Table 9. FAE L AEAOHIIC ST ORERATHTE

@Eﬁ@ﬁsij(gﬁﬁél‘t) @*fz,}fﬁka'ﬁ‘%{*ktﬁ Grade determinants for knot on
o studied squares
DTREGINT WS, ’Eﬁ;& 1 3%@%241%' | i ‘
ey e i . 17 7N D% | i D %
RIc@gE I T B0 BIEFOTHEIX Square size| Percentage of | Koot 7 2 K
U e - . | squares where not 7
5RO & DA KIS THOT, JAS i BU| mm knots are found (K)
I BEHEMEMOTRRICR S AT 5 b ~on3faces only,
. 2.5 75 2 26~36 | 52~72
DE—FH LTS, DX I~TERDIEAN : f
2. 84 3 24~34 18~68
BEERAKND X DRSO L LT, HAOHA 5.0 oo 4 23~32 | 46~64
R HTIDD L, [ 3HMECH EST 8.31 99 5 21~30 | 42~60
s 3.5 105 6 19~27 38~54
% Ef (1 MEmESoER) oREIEHK: \
3.8 1 114 7 18~25 36~50
LT % | ok, Table 9 /R 4.0 120 8 17~24 | 34~48
X3, TSN L IS, WELE 4.5 135 10 16~22 | 32~44

EAYEHIFTHMEKRTRGT5E, 73

MECETH D1 & TAMEICETS SO 1 0 28R/ ), Table 9 0S4, Fig. 90 253k
7ebDTHD, JAS THEL TS [HiD % ) IMIBHROIEFDEREEL?D RdAd D THDH,
COFE T, FEAORKAMOR/MERNEL, Thicd LW TEADRAMEEARD. £ 2T,
2. KBLWTT TSN X HIC LT, - ORAH &7 2 EiE S EMEICH U TRADHERE LBa oM
IEHFEOfERC s &3 @R aRke 5 &, MERME, AXLCEBICOWTO MHio% ) o THx X
CEBEE—HT 2 LEX LN D, Table 9 sl 5 [HID % J O, Fig. 98 OfRH»DH, <
DI L TRDLNILDTH B,

JAS s\ T, TS, BhEis X O J 1k, TOREZ0 250/ Zied X 5w
EINTWD, FARKIITE, 20X 5 REOHEN LRI OWTOBEILGLThicr o, #MEL
HEAOEATNID XS REiTh ot LIRETH &, O [HioD %1 Ok, Table 9 1ZRTX5
I 2k ELTHING, sk, JAS Tit, EAD IO L5 KEisMMECEEL TW A 5L, ok
XD 4EDHIi L LT T EABEIN TV S, SHAADEIOEETRF1LELTL, LIDEMAK
2D X3 iNG DA EEEI I A D, THIDWTIRFRE A RS 5 BEIL e,

Table 9 ¥ X O TIIERICHEMRICS L3&, gHA2LD 2 bID L HIEADHICOWTDW
Biyls JAS REEREZ D LRD I LTS,

1) Hin [ 3HEOXICETS | EAL, YRISEWL EoRFECHAT S5 2, ToHBERIIIER
AR EWGEER LD, 2~10 %THDH. ek, THRHLOIEMIY, FTTCHRLLS KL, TXTIHE
EnbabNichDThHhD,

9)  Tfiin% ) oYK F LB, THRGH, BIE € A S0 fi ) Tlew B, i
[ 3 MEDHRCHETS | IEEOKPST T &N cy, 3TLUTOEATIE, HiD% ) 5 30 %Lk
LieoT TEW 705 b ONSDETH TN S D, i, TOBA, Hit T 4 MIECFETS J IEMAX
WER D THID% 1 #1340 BLIT Th o, FXTIF LIcs,

3) IEMOREAEIL [ HTH, B o) THAEER, Hind 3HEORICHE TS ]
EfE, 2k 2AWThd 30 %L EThB I, TRTIKE LD, i, TOHA, Hin T 4HHEc
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HT5IEAL 3.5 THU LD DX TITH L EINLETHY, 3.3 FLITDdDILKTHZFHIET, 2.5
D EDODH—I U ET T B AREES D B, 2L, VI ek WA X 3, KIS B ik
%, WELTr =42mm (a=84mm=2.8 ) ¥ TIHEMETHE1 5, HERA2LBLERS 2.8 1L
TOEADRAEIAET TH 2 AREMI L VEW 2 ELbh S, Lo T, $< 7 &b a sy
INEREADORAEA [HTH, BhEE et li] A28 HE b o figxh
%o

1) HERIALAD D 2 BRAIEROTHCSOWTD JAS BRI, NMHFEAE LT AF/NHAN SR
Lie— RIS EARRCOWC T OB/ E? RT3 LITgHE LV, LIe2doT, OIEFEEILHZLID
EADLZIOWTVIE, WA LCEAR, —BREFROMEL IV ETTHCSHEbDLELLND,

= 9

AFN, HAECRT HEHREEE LTRIEERLOTH Y, EHHEKE LT, AFERARLRE
R OEH LD EEZ LN D . TOREE, WROBREERLBHEL T, RFEMoRoEH K
KELTOREDOEELXYLICL XS LD DTH B, Thebb, (FEEXORL DX FEMAKR
4 50 SERTEE) 2 BIRM LCH AR EM Lcae, Y0 X5 b HEoRMREIHELS 5 2k
HHIB I LIZE YD, KDL IEEIC O WTOEEY > 52 L2 RKANET5,

i) BMHEAE L CoREEROEE

i) ®WHAID & & REDOD B EOMGR

i) SR O E DR & ThucK 3% MHIE i R ik

iv) BWHAHER L L TORED BRI AF DRERR O LK

ZOHER, LROWEFHEOBMDO LD L LT, LA EFARIN TV EEX bR AFEK
KOEICDOWTIFO AT R TH DT, ATEHERFTOER LY LEA TS,

1. AEOBE

AR, FERRBEM T HATOMEMNHOMSF Z L T bl 97 KT, REREOB4 51
FEThD, HRADBE, BEA D BSEERCTHE 4m OfERAKREY T HEEE TR L, #RIK
%, BoOFM GLAFKOLME, BFHD & XokhOEEc LTt E L, AKOHEERICSH Sbhh 280
Rk L O WET2 BH2 B, B Leh, ZOBORRDEIIKO3FEE L, KiGOMRAK
i, AR XD|ECD TR,

1) ABKI (EOHREFR L DA

i) FAHET QEAKID I X 25D

i) MEEM (B2AE Y IZ X5

2. AKICEFHBERK

FERARC LD T OIS S, RIKCEEN D1 (i) DERAHS L,

1 HEikgDsrTE

B RRAED Rfe B AR IR D DIR M L 2R KIC O T, £ DO OREIE 35 X OKFEST N %
Red, AKCEENDHLOSHEOM LB L, Thic Jhud, M, AAROmEERTE D
ST hlooTHEL, RS it T ho 0B fET %,
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2) Mo

FERAKDHAIME (I m) ICEE N5 HIEOBREIT 20 KPIE T, HESC L 2BRADE VLD,
BOFRMIN B T2 &, 2l ) ORFELSRED LN, #H EEAMEWERS TEAME, Thl Lo FEoR
FTRHEDHEARE G, TRERESELLZERKICOVWTIELT 2 &, NEEEAREWERALS
M SRR E o T h B @ik £ BioRSBickiug, KoHithl, RSEfokx
A, Eh, WAL D SRMICHSHRDIERIKE

3) HigtoFX

HRAKICE D 1,500 OFifcoWT, HiknRES URERER) B X 0L 0BG ORI
FHKE LI, EHIOPTICVLTIL, HEECI2ERIL T VEHLRT, YFRX 42 mm (FElf
BO12 4E) THDH 2, HEHOKRIE ICHEGEERE/KECHAIIR Y, FUMI VRMOES 25, Lok
SOMRIKRTH D, JEAEED MBI ThH, H EEOFEI/P S, RS 21 mm CGEEH 10 42
ThHN, TOMDRTFOMELERMEOMAED X 5 ICHfET V. £, WOV OES (LK
IS8 E N D HEIE O S KN & TORBHMOKER) 1, H EER X OHEIEoK S CHERAIL,
MEEEARECEA Y, AL DLUEDERS R THD,

D D L
&ﬁ*@@@a@ﬁ0a¢imﬁm,éﬁﬁ@%ﬁﬂim“%&@t@%ﬁt%{,m~mwwﬁw
LB 5, FERIELONES TIL 90" HIEED & DA% <, 50~110° DHEFlIcH % Hilio LR, ik,
BOJ5 W, ORI LIC L DEREZID I,

5) ik & ARSI DR

AR DORIE THIEOFAZHIIL 5 2 L oix, FRIMEE CILTW2 L 0L, 2 RETCHRIME
DR RTINS NCETH LD LichiT bils, ORI, M LG, MEoksn
KEWNIY, FATROIHERIVNEIEERTHD A, BEOHMBRY, HLE, fEokicko
ThE VR, MEERIKRECEERTHS. ZhsofitioHERIE, WFhiAilicksuTe
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Quality of Small Sawlogs from the Planted Cryptomeria (Report 1)

Knots in logs from Kamabuchi

Takeshi Kaxo. Nobuyuki Epamatst and Zisuke Kasuraci

(Résumé)

An examination of the statics on the timber supply in Japan makes it apparent
that the Cryptomeria (Sugi, Cryptomeria japonica) is the most important saw timber
species from the standpoint of current supply. Small logs from the young stands of
the planted Cryptomeria in the 35 to 60 year age classes just reaching sawlog size are
especially among the most popular saw timbers. A study on the quality for sawlogs
from such planted Cryptomeria on various lands that differ in silvicultural treatment
has been undertaken by the Government Forest Experiment Station in order to gain
information that will be applicable to the sawing and grading method of timber, and
the silvicultural practices to improve the value of forest products.

As the first part of this study, knots in the planted Cryptomeria have been analyzed
from stands grown without fulfilling satisfactory silvicultural treatment. This investi-
gation also involved a check to determine the analyzing method of knots in the trunk.

Origin of the Logs

The forest area selected for the study is situated in the Kamabuchi Branch Sta-
tion, Yamagata Pref., and is located on a southwesterly slope. The timber stand on the
selected plot was an even-aged stand of Cryptomeria at 51 years of age, and averaged
about 700 trees per hectare. The 97 trees in this stand felled for the study had an
average B.H. D. of 22¢m, an average height of 17.2 m; other information about each
tree is given in Table 1.

Two 4-metre logs were bucked from each tree for studying knots, which were cut
at approximate heights of 1 to 5 and 5 to 9m in each tree. The tree number, position
of the log and standing side in the tree were recorded on each log (Fig. 2).

Method of Analysis

The study logs were sawn open with a band saw by three methods in such a way
that sections of all knots in them were exposed for the purpose of observing and
measuring the development of branches within the trunks and resulting knots on the
sawn surfaces at different heights, distances from the pith, and standing directions of
the tree. Three different methods of sawing were as follows:

1) Method 1 —16 study logs from the trees given in Table 1 were cut through the
pith in L and R direction illustrated in Fig. 2, and then boards were sawn from each
half beginning at the pith side (Fig. 3).

In this way the first full-width boards furnished edge-grain lumber, and those farther
out from the pith flat-grain lumber. Consequently, shapes of knots on the board surfaces
were round, oval or splay. These knots were traced in each branch knot.

2) Method II —158 study logs from the trees given in Table 1 were cut into the lar-
gest size squares without wane at the butt ends in such a way that the pith would be
contained in the centre of them, and the four sides of squares would be on the standing
sides of trees illustrated in Fig. 2. After measurement of knots in squares, they were
sawn likewise into smaller size squares and then measuring and sawing were repeated
until the size of the squares became 34X34 mm (Fig. 4).

In this way all faces of squares were flat-grain surface and shapes of knots on them
were round or oval. About 35,700 knots were measured by this method, and the data
on the knots were arranged by a hand sort punched card as shown in Fig. 5.

3) Method 1lI—Study logs from 9 trees given in Table 1 were sawn radially into 32
segments (Fig. 6).

In this way the sawn surfaces of segments were edge-grain, and the complete
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longitudinal sections of branch knots were exposed. About 1,500 branch knots were
measured by this method with respect to their characteristics illustrated in Fig. 7, and
the data on the longitudinal sections of branch knots were arranged by a hand sort
punched card as shown in Fig. 8.

Branch Knots in Logs

1) Distribution of branch knots

In order to present an outline of the variations in the distributions of branch knots
among trees of different size, branch knots at 1 to 8 m heights in two typical trees,
one each of large and small diameters, were reconstructed in Figures 9 to 12. These
diagrams obtained from the data on individual trees by sawing method I reveal facts
not shown in the general presentation of results; that branches of Cryptomeria, for
instance, grow at regular intervals along the stem but somewhat irregular horizontally.

2) Number of branch knots

There was an average of about 20 branch knots per lineal metre of log length for
all heights in the trees. In a comparison of standing sides in the trees, number of
branch knots near the stump was fewer in M and L than in V and R directions, but
differences at the higher levels in trees were small (Table 3).

The tabulation of averages for logs from three typical trees each of large, medium,
and small diameters from the range of sizes shows that the larger the tree growth, the
more branch knots there are in a unit length of logs (Table 4).

Percentage of the number in each class for the maximum diameter of a branch
knot at the outer end of the live portion was 85 % in diameter classes less than 15 mm,
and was somewhat different according to the size and standing sides in the tree (Table
5, Figs. 16 and 17).

3) Length of branch knots

The radial length and number of annual rings of the live and dead portion of the
branch knot within the trunk, and included in any clear wood present between the end
of the overgrown knot and the bark were measured by the sawing method III.

Although the radial length and age of the live branch knot portion averaged 42 mm
and 12 years at any height, they increased on the average from the smaller to the
larger diameters of trees or branch knots, and were larger in M than in V directions
(Figs. 18 to 26).

Average of the length and age of the dead portion were about 21 mm and 10 years
at any height, and the relations of other factors to them were irregular compared
with the case of live portion (Figs. 27 and 28).

The length and age of the clear wood portion decreased on the average from the
smaller to the larger trees and from below upward, and were larger in M than in V
directions (Figs. 29 to 35).

From the data on the live, dead, and clear wood portions, a clear picture of the
variations of the branch knot in the total length and age was presented by diagrams
representing averages in relation to heights and sizes of branch knots (Figs. 36 to 39).

4) Angle of branch knots

Angles of branch knots, the angle between the longitudinal direction of a tree and
the branch knot axis, were measured by the sawing method il at live and dead branch
knot portions separately (Fig. 7).

Angles of live portions ranged from 40 to 100, and averaged 70 degrees, and for
dead portions 50 to 110, and 90 degrees at any height (Fig. 40). The differences in
angle of branch knots due to standing sides in the tree and sizes of branch knots were
small (Figs. 41 and 42).

5) Effect of branch knots on the surface of log

Log surface patterns without bark effected by the existence of branch knots in the
wood were grouped into four relatively distinct classes, two based on very easy-to-
recognize abnormalities, and two others in which features were identifiable in the
normal surface pattern.

Percentages of knots resulting from broken branches increased from below upward
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and from the smaller to the larger diameters of branch knots, and were higher for the
smaller trees. Percentages of an obvious feature of the log surface due to the over-
grown knots, shown by a deformation of the general normal surface contour, were fairly
close at any height or at any diameter class of a branch knot, but increased from the
small to the larger trees. Such features, by which the existence of branch knots were
easily recognized, appeared irregularly for all directions of standing sides in the tree.

The average trend of the deeply buried branch knots, for which the log surface
features were inconspicuous and easily overlooked or were entirely lost, was inverse to
those of broken branches described above. These results are shown in Figures 43 to 48.

Knots on the Flat-grain Surface

Knots on the flat-grain surfaces sawn by sawing method I were measured on each
unit cutting (2 times the distance from pith X unit length of study log), and the num-
ber of those studied is given in Table 6.

1) Number of knots

An average number of knots on unit cuttings per lineal metre or unit width was in
an inverse proportion to the distance from the pith at any given height, and fewer in
M and L than in V and R sides, though the relations of heights to number of knots in
each standing side in the tree were irregular (Figs. 49 to 52).

In a comparison of cuttings at the same distance from the pith, knots on the
surface were more in the larger trees (Fig. 53).

2) Unit cuttings free from knot

Percentages of the knot-free cuttings were higher in M and L than in V and R
sides, farther out from the pith, and nearer the stump than higher in the trees (Figs.
54 and 55).

Comparison of unit cuttings at the same distance from the pith showed higher per-
centages for the clear cuttings in the smaller trees (Fig. 56).

3) Size of knots

On the unit cuttings at the same distance from the pith, the average diameters of
knots measured as the least diameter were larger in V and R than in M and L sides,
and increased from below upward and from the smaller to the larger trees (Figs. 57,
60, 61 and 63).

In general, the size of knots increased linearly farther out from the pith, but
decreased slightly above the 85mm distance from the pith (Fig. 57). In addition, the
variation of branch knot sizes within the trunk was determined by the relationship of
the distance from the pith to the average value of total diameters on unit cutting as
illustrated in Figures. 58 and 62. From these Figures, it should be noted that diameters
of the live-knot portions with an average of 42mm in radial length increase on the
average farther out from the pith, but those of branch knot portions that have died
decrease slightly with further growth in the tree.

The ratio of the average size of knots to the width of the face in which they
occurred varied from about 20 near the pith to about 5 per cent on the cutting of 102
mm from the pith (Fig. 59).

4 ) Distribution of knot sizes

The diameters of knots on the flat-grain surfaces measured in this study ranged
from 1 to 40 mm. At any standing side in the tree, most knots near to the pith were
small knots less than 10mm in diameter, but at the cuttings farther out from the pith
a frequency distribution of knot diameter classes showed a normal form (Fig. 64).

The heights and sizes in trees did not influence the form in the distribution of knot
diameter classes at the same distance from the pith (Figs. 65 and 66).

5) Total area of knots

Relationships between the distance from the pith to a cutting face and the total
area of knots on a unit cutting were shown by the parabola curves indicating the
maximum values which were higher in V and R than in M and L sides (Fig. 67). In
addition, the ratio per cent of the total area of knots to the unit cutting area was
inversely proportional to the distance from the pith (Fig. 68).
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Both the total area of knots on a unit cutting and its ratio per cent had no apparent
correlation with the height in the tree, and increased from the smaller to the larger
trees (Figs. 69 to 72).

Knots as Lumber Defect

The knots on the sawn surfaces in this study have been analyzed as a defect
affecting the quality of lumber. In such cases, knots smaller than 5mm in the least
diameter were discounted as defects, approximately based on the measuring method
by the Japanese Agriculture & Forestry Standard (JAS-1953), and omitted from further
analysis.

1) Shape of knots

The shape and condition of the exposed portion of branch knots in sawing will
vary with the position and direction through which the branch knots are cut, resulting
in the different descriptions of knots, viz. round, oval, splay, etc., and live or dead.

Such characteristic of the typical knot in study logs has been presented by a diagram
in Figure 73. Some examples of knots corresponding to this diagram are shown in
Photographs 3 to 7.

2) Number of knots as defects

An average number of knots as a defect on the unit cutting per lineal metre with
a flat-grain surface ranged from 1.5 to 4.0, and its relationship to various factors was
approximately similar to those on all such knots including smaller knots as shown
already in Figures 49 and 50 (Figs. 74 and 75).

On the cuttings by the sawing method I with both flat- and edge-grain surfaces, an
average number of knots as a defect was determined to a great extent by that on the
flat-grain zone of a cutting, and especially, on the cutting farther from the pith this
tendency was conspicuous (Figs. 76 to 78).

3) Unit cuttings free from knot as defect

Percentages of the unit cuttings with a flat-grain surface free from any defect
knoet were less than 10 per cent near the pith, increasing with the distance from the
pith except for those in R side (Fig. 79), and were 10 to 16 per cent at the 1- to 4-
metre level, less than 4 per cent at the higher levels (Fig. 80). Similarly, those at the
same distance from the pith were higher in the smaller trees.

These trends were similar to those on such unit cuttings free from any knot as
previously described, although fairly higher in percentage.

4) Size of knots as defect

On the unit cutting with a flat-grain surface, the average diameter of defect knots
was about 2mm larger than that of all knots, although their relationships to various
factors were similar (Fig. 81).

The ratio of the average size of defect knots varied from about 30 near the pith
to about 7 per cent on the cutting of 102mm from the pith, and was higher by 2 to 10
per cent than that of all knots (Fig. 82). ’

The average sizes of defect knots and their ratio per cent on cuttings by the sawing
method I differed from those on flat-grain surfaces near the pith (Figs. 83 and 84).

5) Number of knots per unit width and knot size ratio

On the flat-grain cuttings, there was a proportional relationship between the number
of knots per unit width and knot size ratio concerning the defect knots (Fig. 85), but
this relation on the cuttings by sawing method I was shown by the parabola curves
indicating the maximum values of knot size ratio at 1 to 2 of knot number per unit
width (Figs. 85 and 86).

Knots on Boxed Heart Square

The variations in diameters of the logs studied under sawing method IT and percent-
ages of the maximum size squares cut from the study logs of 4 m in length are shown
in Figure 87 and Table 7, respectively. In considering the lumber production from
such small logs, a boxed heart square of 3 to 4 m in length would be one of the most
popular and important lumber products.

On the basis of the data obtained in sawing method II, knots on the squares re-
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covered from a total of 158 logs were discussed. In this case, the length of 3 m, at height
ranges of 1 to 4m (first log) and 4 to 7m (second log) in each tree, were taken up for
discussion, and knots less than 5 mm in diameter were disregarded.

1) Number of knots on square

The average trend in number of knots on each face of square was more from the
smaller to the larger sizes of squares, with a range from 3 to 12 (Figs. 88 and 89).
On the faces of squares from the first logs there was a marked difference in the average
numbers of knots among the standing sides in trees, but the difference in those from
the second logs was small.

Among the squares studied, there were only about 5 per cent that had no defect
knots on any face of squares of 100 mm in size (Fig. 90). These were all found among
those from the first logs, and possessed only one clear face.

The number of knots on the most and least knotty faces of each square ranged
from 8 to 16 and from 2 to 9, respectively, and those per unit width of squares were
inversely proportional to the size of square (Figs. 93 and 94). These faces were found
irregularly on the different standing sides in the tree (Figs. 91 and 92).

2) Size of knots on square

The maximum size on each face of a square was larger in V and R than in M and
L sides in the standing trees, and ranged from 13 to 19 mm in diameter on the face of
100 mm in size (Figs. 95 and 96).

The largest knot among the four faces of each square was found irregularly on
different standing sides in the tree (Fig. 97), and ranged from 19 to 23 mm in diameter
(Fig. 98).

The ratio per cent of the largest knots to the width of a square decreased with the
square size, being about 20 per cent on the face of 100 mm in size (Fig. 98), and was
linearly proportional to the knot number per unit width of a square (Figs. 99 and 100).

3) Grades for knots on square

The squares from study logs were graded for knots by the JAS system presented
in brief in Table 8.

The JAS grades for knots on the softwood square are based on number of face
where no knots are found, knot per cent (the ratio per cent of the maximum diameter
of knot to the width of square), and soundness of knot. These grade determinants on
the studied squares are shown in Table 9. Hence, the JAS grades of these squares in
which the largest knots were sound would be Grade I B in 2 to 10 per cent of them,
and Grade I Common in the most of them. If the largest knots on these squares were
unsound, the JAS grades for knots would be Grade I Common or Grade II in the most
of them, and Grade Il in the smaller squares.
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