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Lois 0 — 1 2e00 s2 1 73| 30.3 | 2.080 3.1
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Soa 67 |« 15.1 | 20 5.5 36.9 0.2457 | 5.5
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o a2 7.4 | 10 6.2 84.5 0.0417 3.5
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66 80 | 88 11 1 2.8 31.7 0.0618 3.7
67 | 43 { 6.5 | 10 | 3.6 | 56.5 0.0783 1.9
68 | 45 | 5.8 8 3.0 51.7 0.0193 6.2
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OB S B 68 AOMERITIZ LA SHIE LICEL TREIZ R ZhA BIEA 2 m B X kg T
JEXH 10 em OPRAIFR L 7o 2O EETHO N, S, E, W OFALE & Bl A 5 5~10 48
iz r OREEEREANEI N, ILWRESH Lem O 2HOFRAREDN, Z0 55 1HITERT &
iz e oflmicti L, fhd b RAREERONED 120 O 2 RIS e,

32. M ERMEORIE

B0 2m kB EOH LEN SRR S N4 O F AL, BULOLEBO N, S, E, W OFfLic
DT R EFEROBER L 2O RS 558, B OB L 7120, HhidH o b DBRET
DIEEEAIIEL, BERS L1 FDERMN (mm) LB (mm) 24 i, ZOHIERT T X100
fERD L TR oM, R L ARz OEIRcCT 7, =R, BIERILOIE, &9 LofEn
HBHOEEHLCRIB LI, b OMEEDFRILT R TINE TOREIFERL TV 5,

33. BRBREROAE

N
T WOBEHRIPT IS IIE I Lem OFRERBD, «
J%§; X .
//’ \¥ DWRAEZEMDOE E X HMYIL, Fig. 2LHLT
ﬁ% L | B0 U DI S MICIHTRD 5 43 & OHHH L —
£ WEAE%@»’ ..} ‘ & TR BB B 5~10 Eif3s ¥ DEIHBERTH
\ / 4 B Dl B A O ¥ FATCREL, HIkEgr
\ ~ PK 8% S e .
=t e s s DER L KR DOEI S EIKEOZER (V) i, «
Fig. 2 5l ORI Y 227z R=g/Vx1000 (kg/m*) L TL®»LI.
Sampling of test pieces. 34, BETERSEEOER
LT Symmetric ERIKERE 2L D, O EEOMKTN, S, E, W OFRL & 5~10 445
DEMET LRI S W FT o T b 20 b W ARBER O 2 Js 7 UHIE R TR 7 USRS
641~680 kg/m® O 40 kg[m? :}e’goj 11 B CiiFe Symmetric 7B ERIC FRF
RBEOFELTHHEE & STEOMEC - ORBBEEROEETAL T, ROWRDORIL DMNGTHETS
== 75 LRI DOTUHEBEBEROSHR Y DL D, thbDHERIZFDIZ LA YD DRHEIE b
KHETHLZARDPIED VB UD LWIEREEDRIZ LB LY, ZORETFORELBLALLY
CRTHHEDOSL BT LIXEHDZ LI D TWBTHA 5D, AR HMRDDEBOHEHITIE DT
FORBBEROGH BT T5 2 100 b Us L HELHEMNC T 5 DT, ZOWIRIR\TIiohr %

PEAROFH RS i R ENIEE #9 10 cm O
WAHLIRERERARD N, S, E, W O 4F{ET LT
‘ﬁiﬂ' i ) B i
/ HEL, O & PR OLEF RS G L CEEOME
1
-\\\\hﬂ .

CKIESS1Cn Beten gy RO TR (2) RNEL, BHEEBEN (R %
BOBDODEFERIZ OWTHLEE~DD 5~10 4FZ 2 iciil>7: N, S, E, W OFHMOIEREEY
BHEMROD 4 2 DPERFOFHE L LTh L@, Tk RO ~280, 281~320, 321~360, -
B %R URE Tled A CERBERERmL 2 2 0 Bl UARBEROSAT 5B 2 Bk Uilg T
AONRBEGDT, Z0 X5 IHFMERDDHRFICOWT 1 b BEEEROFIMEH L bR %

2T kikD Symmetric /eAEBERDOSHARICOWTRETE Z ik L,
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4. BEOHERLZzOER

11. BEBERDOD S bivhT:
411, #ERDOBER DB A0

EREERONER ISR 33. THCLR) 2 Z20MREOERCTF, Y=RAShEibbbhT
WBLDEDENCTERLEMOLTHELINT WD LDRETR & W LT, FOHESfLEEkoE
Bie{ bRThD e Fig. 3 LT X, FOREBBERD RS360 kg/m® DRI I TINE

DXk, AR B35 B R\ REOIE X
NTCWBTEREDLD XV IXEMhIcKkE DT
W5 2%, R=360 kg/m® DFEIC B\ TIENIC The
KRR B HBRD -, FERBEO LD LIS
DIKRELHObh TS,

IO L TeiERY,  Z OFkG O AR O BRI <
LRI O &5 b te RO bk
FHINITE, S5 p. 4 Fig. 1) LHELIICKR
INBHHDT, =D Fig. 3 THELIRLLITT
EARB 30T 5 BB R OFREED k,  ThIEARBED
LDIDPIL BB T % R=<360 kg/m® @
P ERRT R.B. =2.0mm O HoOTE
D, ZHIZI\L T R=360 kg/m® T TFIEARED
DAk, FREREE LD HIRO B feo T B4
BUTAERRM R.B.<2.0 mm OFWEARXIIEL T3
ZENBHELNTHD.

2O &5 eBFL T FOEHT O T 207 H
flLTxH, Fig. 4 mL®»LicL>c R =400
kg[m® DRI\ TR TFEARD HET %2 E, HE
AREOLO LY BEEL, ZOfEILEL R B.<
2.0mm DML TWBZLIHELNTH
Bo IO X5 IATREER OB Tib b EEARD
BRI H0WEHELIACREDLNEY, &
51T DI D D HEARIEIC O T R DEHFEY, =
= F, BUERZER 8% BB L DED Table 2
CRLBD LR LS AR DO RS L i
BEDERNER THOTLHDVLIRTF2 55
NTWBH L 57 EThH, BRED IV EERED
BEDH L WTEAREC ) 5 T ohTohic ik
THEAAHESNCHRED RTINS,

30 l —O— UPPER STOREY TREES (N:19092)
' —@— MIDPLE  ” ¢ (N:6824)
20 | —%— LOWER = (N:15499)

0 20 30 40 50 6o 70

F (%) R.B{mm)
4.0+
30 —O— UPPER STOREY TREES (N:4833)
—O—MIDDLE » o (N:1291)
204 —%—LOWER * (N:1961)
104
0 /S

320 40
R (K§/m3)
Fig 3. 4EifM L AREEROHE (EXH)
The frequency of ring-breadth and
bulk-density. (normal wood)

€0 720

F©s)

40 4
\ I —O—UPPER STOREY TREES (N: 1689)
304 —O— MIPDLE « (N:1132)
—X—LOWER o (N:33%A)
20
104
0 T T T *T— T T
1.0 20 3.0 40 5.0 60
Fes) . RB (mm)
40 '
’ —O— UPPER STOREY TREES (N:1075)
30 —O—MIPLE ¢ ¢ (N:444)
—*—LOWER « (N:709)
204
10
0

480 50 gho 720
R ( K§/m3)

Fig. 4 4 & ABEEROHE (7 7H)
The frequency of ring-breadth and
bulk-density (compression wood).
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The variation of bulk-density in the group of the storeies of trees.

o mA Rl L BEEEE | g .
Arithmetic ‘ {_Model\ Standard I\I%lgmﬁr ’Zzlf
?;ﬁ‘nng | kg[m? de,:g{?yzlaon measurement
I . )
Upper storey trees | 333 i 330 37 4833
fie =] R i ~
* L 2 Middle storey trees 340 l 330 4l 1291
T |
Normal wood Lower storey trees | 368 | 330 62 1961
i B
fn all r | 342 ! 330 48 8085
. S . o
E i ’ | !
Upper s?orey trees i 374 i 350 70 1075
T 7T MR Ji
Middle storey trees 395 i 350 7 a4
Compression | J= R
Lower stE‘orey trees l‘ 471 390 116 709
Wood @ ¥ ! !
e 1
o all ) 409 350 \ 101 2228

INBDOBREE F Ik L 512, HE LR EE L TEREC KT 2 ERmH O 5 bbhiic

F(x)
40
30]
Upper storey trees LEXR
20} —o— Normal wood (n:4833) @ik
—w— Compression wood (n:1075) 7 7%
10
0 _‘_I_'_ e S )
F&%)
40]
30 .
Middle storey trees PEK
20| —o— Normal .wood (n:1291)  E#4#K

—*= Compression wood (n:444) 7 74

10
0 ‘v—l—r L
o)
30+ Lower storey trees TA A
—0— Notmal wood (n:561)  IE % #X
20+ —x— Compression wood (n:709) 7 7 £
10k
oL _J_r s -
F&)
4_0_
30r
All sample trees E3-%3
20k ~o— Normal, wood (n:B0BS) I #k
—x— Compression Wood (n:228) 7 7 4%
10
0L GO

Fig. 5 IE®# & PFHCIioT 2 AEERE
BB

The frequency of the bulk-density for

the normal and compression wood.

LB DT, FRVPEER LD TEHD I
FFOLDTHREVERHIO SO L HAE
WEABEEROER LD L, TOFEEIHO
2L REV, LD T, &% WERMNCRH
AT TRERETIE, B0 OAKE
BRIz DT & b RE CERRBER S b o
R mT DR b e, T ORER
FX VP IeoT LB dDE NAKL bh
%

Ffo, (EUROEHINCIER IctElf L 7 FDOF
Iiff & THABMBEROMES T E DRTAD L
Fig. 5 1 L®»T L5 KW hoREi ks
T T T OEG L D TEEBEER DS
GIEH RO T hiclc b L TROKRE D
FHEWZA L TWb, DX 5T FOERF
DHBIEDORE < 7o s BAEEERIIS XL E R
360~400 kg/m® DFHRITH7=DTEY, =D
PRI Fig. 3R L0 Fig. 4 CIEEAER L
T T OHERIC O TE R E N OEEBEER O
B fRie i b el RO R oA & —3 L
TWV5h, SHIEHERD LNED X\ LE
RIETIX R =360 kg/m® D BHEEDHSEWT
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JEARETIL R =400 kg/m® 1T\ e b TR S D0 TW B Z e NREbbils,

L7eidoT, ISP T b T 2RO R { e DM ORBEER TS L+ R = 360~400
kgim* THich, ZORFAEEERIRED LA WVTEREZ LD LAREWMEY L5 LD LML
bihs,

412, RO L B B

IAREEDE Fh S0 & LTROKETOMEL GETH L) 2 eied ) LEEDDLTWHHO
AL (BHEH V) 22T 5) sichid, HTHO ) bTeKICHEFwLICET M0 b0 (HiEbie
W LT B) HEHIL, 203 00OBOMAT LICFOFEHER D H b b ek iERO kI
{BART Fig. 6ILDLIK, IhnbdhEbhl 5 CHELHITRIT S ROFESHIETHIL
BREHM O DI bRTWFNREL 7D ROKREVWHRICA L TE Y, HEUROEFME 25 LT RE<
R=(860~400) kg/m® DI HE b DRBER ) & DN D RSB TH s LIEH O D L D
DD DL HELR TV Z L3 hELATHE, 1, KTH L BRI 3 AREBEROHESS
X ERARL G U RERTIRZ L A & —FL T 5 (IR O ROFERRIE THO b0t HRTE
BT IMNRAL ROKEVEIIEA LT 5S) 2% TIEARE CIRETTH OB R IEN O Lo X
DHELDIROKRZEWHRCA VTS . 20X 5 ICHERBEROBOEFMIZL 5 Hbbhbilild
ELDIEBLACASHLLN T A2, TR COERMOS LI IICBIEL ~A T ShEh i D4
BHOBLANELEH»SHELITITRLDENT IR, L L, ZOREERBROMALT Lk Tk
AROBH L HRTLB e Fig. 7 LT X5 ERNOL S b1 L EEEBER DS b bt

F @)
50
UPPer Storey trees
401
Fus
301 50}
—0- (n:476) —0- (N:440)
20t -~ (n:2113) 20f —— (n:2113)
—x— (N:1993) —x—(n: 1995)
10} 10}
oL & " B0 - ol® e
F@&)
40r Middle storey trees
30+ 30k
—0- (n:175) —Oo—(n:17T)
201 —2~ (Nn:429) 20+ —o-(n:428)
—x=(n:6l3) N —x—(N:613)
10} 10H
ol 7—]—1 0
F ()
40f Lower storey trees
0r 30- Tre Part of stem
—O— (n:492)
20k I sl —O0-at the bottom (n:458)
—x— (n:556) —-of clear length under
ok ‘ 1ok crown (n:956)
—x—with crown (n:556)
0 o . “"'..: rf'fﬁ:"ﬂ'» T - 0
A0 30 400 480 560 &0 720 0 20 30 40 S0 <0 70 80
R(Ky/m™) RB(mm)

Fig. 6 ORI~ < Zobl) L B REE R & iR O
Frequency of the bulk-density and the ring-breadth grouped in the
parts of stem (normal wood:.
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o K X F X WA O
(1) The part of stem at the bottom @) The Part of stem with clear length (3 The Payt of stem with the crown
und crown
Fen F ) er the F%) —o—Upper storey trees (n:1995)
30 304 | 304 I —oMddle v < (m63)
I —o- upper storey treestn440) | —o— Upper storey treestn:2113) | —x—Lower « 4 (n:55%)
204 4 l —o—Middle - - (n:177)20 R —o—Mddle . . (n:428)20] '
g, Lower . (n:458) AR ——Lower «  « (n:956)
ol ol B ‘ ol H
o 1 d
i o 3 d P
070 20 30 40 %S0 eo 7o O | ] 2 0 10 720 30 40 9
. RB(mm) R.B.{mm) RB(mMmm)

—o- Upper Storey trees(n:213) 30
—o-Mddle o+ & (n:429)
—x—Lower « « (n:963) 20

—o— Upper storeysthees(n:993)
—o—Mddle » . (n:43)
——Llower - (n:55)

—o— Middle ~ (n:175)
- (n:442) 20

10 10

0

60 720 0% 350 4o 4 350 400

: 80 560
R(Ky/md) R(E/m>)

Fig. 7 (5RO BRI ) % AEBER & EiRic o3 5 oMo fE

Influence of the parts of stem on the frequency of the bulk-density

480  Sho
R (K3 /m3)

and ring-breadth grouped at every storey tree (normal wood).

B HELDREENAZ LDDONTL B, 2 TRHMNTHS 2 LXBOThOAITH VT HF
OEHRTY RB.<2.0mm OFHMTIXTEAR, HER, EFROMCZDHIENI L R2TED,
0 XS IAERTI D B B b il IR L T e EN DR T % DEFRBREER D 5 b b taich e
DWBLUBLWEERR LD LN TS Z L Thh.

Tt Fig. TRHELNCALDLND Z L ThHBHN, HEbLHTIE R.B.<2.0mm OFHENL,
R=400 kg /m® OFPICE; FHH Tl ds7e USRI O8RS R=(320~360) kg/m® ORRCXIEL , EHiIc
HEHCR U ZERMO L Sbha it RB.==2.0mm %I WL CTHEEARBIZ L WH U
BLWEEA R LD BTV BRI 20 b b FEBBERO L bbhi ik 2 h b ofEREI otz
LA EDDD TN, LI DT, [REDIBCTEAMR TIXBRO & OFALIT O T 8 % WA (R
B.2.0mm) HBEL, THhBHIE b LI TH & CRARBERORE W HEE DL DTW5BH, #
BB ST TERC Z O FWERT (RB.S2.0mm) 2 3EB\T 2 hvdb bF 7 D02 5EE
FEBOX BB UAEARBED T HICd DRTEDRESARD 2 L1378, SDX 5 78E 213, Fihiss
T UThHoT L ORMBERIBOWMC L DT 2l dlekE X 308 L ——5 5 WIAERITN S
PO TNT b DOBFEHEROKRE SIXBOIRIC L O TR UME LD 5B ——ELHLTS b
DThHbH, ZDL ) IEFERIBOMAE L1ch bbb T\b RB.<2.0 mm  DLERTIC DT % Dk
Ohbbhoick Lo Lic Fig. 80 bhHEEINTS 530 THY, —EOERMORMMCH>hh
T AUHEOKRE KXHE D DA S.P. 2(20~30) %0HEIIC KB 7 h S.P.<(20~30) %D
b DD XD TEIEMC 2 DIAFEN Te o LI DT, TR BDED BERMD R U Th2oT B
REIHEDLHTRIBE X (MR OKRE L DOFEFEN T2\, BB S /N X (B R0/ &
W DDFARER e NN) T xicieh, Zhuk S.H. Seurr & W. Hsiunc Hi3s7n UEIRIIITHOT L%
DUMEDORE ZI3HE EECHISIT X2 Ta 0T B &\ ) BERORET® » —B( L T\ b = Lithe 5.

Tl FTFOFROWCTHOIRMIC X 5 5BEMER OIS % { bRTA%S & Fig. 9Ly T



Fig. 8 M#EFURDEINCIsIT 5 & EiRTCh b bR RO

Frequency of the summer wood percent on every range of

ring-breadth grouped in the storey of trees.

A o
REHEOTMREDFAITE G145 CINED — 15—
RBe ~05mm RB+06~10mm RB= LI~ 15mm RB= i6~20mm RB+2I~25mm RB=26~30mm In all rames of
Fo Hing-breadth
H
X
3
e
H 3
g 10
= 0
F ()
" A0
g
£
il 30
>
5 20 The pt oy stem
- o at tre batem
E 10 ew‘thtmrkm
3 Crown
= 0 x vath crown
F)
i
§ 201 f
>
Z| o
g AT 7:’40 st 2 30 & 50 1T 76 30 40 %0 o 6 3o [ 10 20 30__4 2 3% 4 %
-~ sPUA) SP ) 5PUs) 5P SPoz) SPUs)

L5, HE b OERS L o T AR R OB STRIIE TR BIEH © b DIC { BT R=400~440

kglm* ZEH W LTOBEBLL ROKEVHHMCALTED,

ETH LBEN L0 Eikb &

LT binE R LD B, DEIC b OABEBRERDOAESTRC OW T F DEIPESE & SRS
HrhH e Table 3ICL®T X 51, ROFINFEE L BHERMEIEFREFELIL 12 207 THEL
THIE bICRERED B B b EEHCR/MEDR S ST, #HI EE%Y T o THORBBER

Fee
404

F @)

Fig. 9 BORMARDISH bbb s FREEER L EmhoBE (FFH)
Frequency of the bulk-density and the ring-breadth grouped

UPpPer stokey trees
404
—O— (n 1b9) 30 —O0—(n:203)
—@— (n:458) @ (n:457)
—x— (n:39) 204 —%—(n:39b)
N O
10 >
oA
Middle Storey trees
—o— (n:99) 30] —0—(n:100)
—0— (n:133) —2—(n:133)
o X (n:87) 2 7 (1:186)
10
0-
Lower storey trees
The paxt of stem
—o— (n:397) 304 —o— at the bottom (n:390)
—o—(n:|98) —0—with clezzmn"qt? ug{er
X (. ¥ . n:200)
T nas) Y —x—with Ccrown (n:125)
10
%0 30 40 4 W) 0 720 0 20 30 40 S0 60 70
R(Ki/"\") RB(mm)

in the parts of stem (compression wood).
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Table 3. FHGERIFIC 1T 2 ORI b 2 AR D 4L

Variation of the bulk-density in the parts of stem on every storey trees.

I ﬁmiﬁl; R s
- ¥ Zﬂll z K
Arithmetic ! Mode Stal_ldafd Number of
mean deviation
kg|m' | kg/m® kglmi measurement
i ?ltLh & ar? t/'M‘t t } 330 50 1 476
e part of stem 355 !
I j“ at the bottom \ :
| Upper ¥ T # 329 330 34 2113
storey | with clear length | o :
trees ' & H ' 334 L 330 34 | 1993
i with crown | | '
ji(Tgh &ty fﬁt 1 330 P 63 1 175‘
e ” ‘ e part of stem 385
E W Bk R R at the bottom | I
Normal wood Middle | # TF 4 | 338 | 330 38 | 429
storey with clear length :
trees & (A 326 330 30 | ! 613
with crown ’ o o
EN | ’
i ok The part of stem 431 1 390 67 442
A~ at the bottom | ‘ | ! [
Lower bS53 g # 357 330 45 963
storey with clear length f ! |
trees | 4 i # 336 | 330 AL 556
o with crown o
| i"l'ﬂ‘zh < 7}’? Ft 79 1t 30 9 169
- e part of stem 4 4 4 9 1
NN at the bottom | |
Upper K¢ T # 359 370 44 | 458
storey with clear length [
trees ' ¥ 55 7 351 } 350 41 396
o . with crown ! o | o
e oar? of wtem | | 1
= 7. e part of stem 537 510 ' 108 ‘ 99
7T Mk R ‘ at the bottom !
Compression | Middle | g F 4 351 © 350 0 153
storey with clear length
wood treés | [ & 353 330 47 ‘ 187
_with crown I A B
H X b M | |
T Wk The part of stem ‘ 545 ' 530 94 1 397
o at the bottom | | [
Lower |} T # 380 {390 | 55 198
storey with clear length | |
trees | i @ M | 368 | 350 ' 59 - 113

. with crown | I [

PRDL, ZDAZ Y32 Lo TEERELHRIL T BMBRLHELICREDBIS, LA LR,
BRSO R OFLISTEI & BRSO 5 LI THO 0 X h 3 REL HbbRTWH 3D L b h  Fig.
6, Fig. 97g & CTRIEH & £ TH D R OFHEEZTR R HAE T 5 I OB OB £ B KT, o
RIS 72 ) BWABEEROMHB S5 bbb 2t 4 LIELIEA L HENE Z L THhD . Ziulk
WD OWTWL ARSI LIE LIET TS bbhic ) LTEDOMBNEFICEL eo7m\ b 2 einsh
LALERTED LS IERbbhd .
O X5 I OMBAIC X B ABEER O BAPEE L EHERE O b E DLW TR S E TIC #AL A
2, 3 OBFE™ & { BRTHD &, AREEROEHNEELH E bR b B ici/ ot o
LIRSHERRC oW L TR BRI T H O, Fe, TOMERESHE TR AARE D 2k,
DWFET Tl ¥ DFRENB B LI D TEOMEM R 5 Y ¥ RFEKREL B 2 & LR HImA

(&8
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MLONLLDTHS,

1o, 7T OFRCOWCTEHROMAIS L ICHEBBEER D & it & OERFINC B L THEERD
[EAC L HTHD & Fig. 10 LT L5, [FTFH LB TXERT R.B.Z2.0 mm OFEO 4
DIXTREARCH U B L SHEEEN e K, Zhic R=(360~400) kg/m? OZREFRFER ORI SIS L T
LAHIELHTIR O L ) I TFRRCKIAIFMITE LA 2D bR, LA EERECKTS R
B.=3.0mm OFEHINCXIEL T RS480 kg/m’ OBFERBER OB LA LDdbNTL B, ThEIER
HICOWTLD L Fig. 7 L bR3B &, THEEEHOVFhIc o LTE RB.Z2.0mm OHIR
NS FREARREOFIEED T2 7o DT B DIC Z OFEUE IR FIC DU Tk R=(320~360) kg/m?, 7 4
TV TIE R=(360~400) kg/m’ DEBEEEERICH D TNT, 7 FHDIE 5 MIEEHIT b7
KREWHERBERD S OD b L OFENIN L IDTL BEMINB TS LB AR DS,

#w o n X T O #H R K
(1) Tre part of stem at the bottom (2) The patt of stem with clear lengtn Fm 3 The part of stem with the crown
under the crown 40

[ F )
30 —o~ UPPer storey trees (n:203) 30 x —o- UPRet Storey trees(n:457) 30 —0—UPPer Storey treesn:39e)

—o- Middle + . (n:l00) —o-Mddle . .+ (n:33) y —o-Mddle « v (n:86)
20 ——Lower « 4 (n:390) 20 —x—Lower - & (n:200) 20 —x—Loser + w (n:125)

! .

10.

0 @ 20 30 <o S0 o 7

RB(mm)

% 2o 30 4c So 6c 70 o

0 20 30 4c S50 eC 70
RB(mm) %"f‘

%0, RB (mm) F4 \o%)

=0 —o- Upper storey treesn19)30 —o- UPPer Storey treesinasg) 30 —0- UPPEr Storey thees(n:3%)
i —o-Middle - . (n:99) —o-Middle « - (n33) “o-Middie .+ (n:18D)

2 —x—Lower . . (n:39M2 —x—Lover + + (n:19§) 20 —x=Lower *+ « (n:l3)

I

C T30 400 480 %0 640 720 800 0" o0 320 400 480 560 640 °
)

80 5o
R(Kg/m*y R(¥¢/m? R(Kg/m?)

Fig. 10 FHEARFICRT 2 BREER & S O ML 1o\ 3 2 ORI DO H:
Influence of the parts of stem on the frequency of the bulk-density

and ring-breadth grouped at every storey tree (compression wood).

413, HIH & O FRIC X B BA

BEUR A F D EE L T CHIOMITIC X >T N. S. @ slope L&D &0 Lichiy, ThERDIT
HiZ LD N. S. E. W. O 4 FRIC2L bRTWABEBERDO L bbhd e bRTh5 & Fig.
11 ELDHLTWB XD, EFNAREED SO T N-slope 12¥ki)5 & DA% S-slope DD L H R=360
kglm® OFEFEER DT H BN B FEN L D TE D, HBOWLFhOFRICE T N-slope
DDA S-slope DHNDITL HLRT2RIC R=360 kg/m® OFEHTRAE 2L HHRHE LK LD
bR Twb . ZHIZIW L THEAREED § O TIREBOLFROFRIZE T & R=320 kg/m® O§EEICIL
S-slope D, DA N-slope DHD L H T TlEHH N L DOHIDOFHE L IeD Tk, D2
DORTFD L DT BRTEFO DL, WFh b LOBRREBERIKRE L & AHENR D DT
5. i, TRERO L OTREOAMEERD S LI 72id b ORI DL O FRARDICAHT D
HEDHE LT HLANEIRED BT,

#7:, -0 Fig.11 T N. S. ® slope & 228 N. S. FRNDOZEBER O FPEHERE < HRT
LZThH, ZNHLDOERIIZThEFRBOERCHLE D TET IR TV HHIRLBL UL LubA (BRIC
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Distribution of the bulk-density to the equal frequency curves of ring-breadth
and summerwood-percent (upper, middle and lower storey trees).
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The curves showing the relation between the ring-breadth and the
bulk-density developed at every each equal summerwood-percent
(upper, middle and lower storey trees).
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BURMR L EREBER - OBRIE, ColifiaEE (S.P.) L AREEK (R) © 2 T
fimhy (R.B.) DEMCITEEICERT X % & X OIEA & DT 15 Tt » BEREESEK L OME%s
LHLTWAZ LIS, 20D Fig. 19 K LOHLIEPEBEILBLLHLE b1 THD & )T, BEBER (R)
X DM OERT MM L0 Bhicx bR IIE L L TRt bis\vbid T, & WaER & %
FROBRICHIT CHBU e Fig. 16 & Fig. 17 ofiliz 3Tz oilifiio —2o0limc+ ¥/ &
ied . gl T O & BE R L AREER DM T, BEAREE L TIEAREE L OBz b
WA oOWTZ bivie Fig. 19 (1~2) O & Bk L BRBIEROMIT %2 < bRTAD & Ehic
X 5T, Fig, 20 LT X 52 R.B.<2.0 mm OLERTORIA T THEREDO M _EEBARRED
i & O ETFEERORE WHRIA L TR D, RB.=2.0mm @fﬁ‘ﬁl‘ﬁrﬁ’@: D 2 DOMED —Hid
PWEEELHOTE Y, HED L 5 —>0 —#lt S.P.=35 %UOUMRD L 2 A TEXLTHHbNRT
w3,

LichioT, THEAROMEL ERARDHE < 5T R.B.<2.0mm, S.P.<35 % DERM & Bk
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= DOFBEREER PRI £ B R Al LIC@ETT percent developed in the group of the
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LR, Shicz ORYRE Fig. 20 ©XoTh PP v

HELLTHD X S, Flfho—EHMT 2L TSRO EREDRIED b AT bk EE WU TE
REET LD L RO B I U AD LD DNT h o in ) B Dlefid L DO TWB T e hEbh
{Zieofc, F¥f: Table 2 ¢ Table 3 TL®HLIX 3 i, EKDERICd &b T HARERER
DAZFYFEINE X BEBEDOWRADICEGF LI L FIELEOREELTL 5 b0 L oLt
EEDAFYFPPREPZILIEDTHD) BlRELDL TS b, & DERM & BHR L AREE
BEDBFRIEOWTE DX 57 bl R IBITHISL T 2 &I X THERM L MHRic L >TE
¥ D EBEROREEA I Lishid e b s,

I 2T BRI T DERT & BOHER & AREEROBRICEX TV B ELE L LD ledIic E
5, BOHIE b - TR - BEM O 3 0D LT & BOMR O { 2T X A BEBERO B
EARDFB] (AR L TEABOHIT) b5 Fig. 21 Kl®»T IR, THEAHL HER
BT RB.<2.0mm OHEWRTCHETH EBEMIE LA LS UELOBEMAZLDL TS, HE
DR DT B RTls7r RN & 3578 UKD & O T § 207g h RE I BREBEKO
fExLDL, PRI R E LD L Alc e binv X ek bbhsd, i Fig. 20 TLHX
AT REAREE - THEABC X 24N & BbiR L ARBERDO RO LRI O Fig. 21 TLE
AH & TRERBEOERNADILE L 0D UM R L ARBELOMRE bR L —TEHELNTH
(Fig. 22), ETH L BIREH D L oMK & ZIRBEER O BIFRLFIRTNASA < 72 27 0h Th s b 3EHE
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The relation between bulk-density and summerwood-percent at every
each range of ring-breadth (the upper and lower storey trees).
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Difference of the relation between bulk-density and summerwood-percent
developed in the group of the upper and lower storey trees.
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The relation among bulk-density and ring-breadth and the relation

between bulk-density and summerwood-percent developed at the

parts of stem (upper, middle and lower storey trees).
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FhlezTwbH I ek Fig. 19-1 ThE b & 5 KHEE O EHNIL OB RAKE B T
FOBMEIIE (BEF S.P.S15%) $DRRB W edTHSZ LxhAnziud, Fig. 1912l
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SRR (R.B.) LB (S.P.) OEZETS 280 5 212 b 2D B X 518, FTFOhH5HHOM
e onw T OEBMBER LERM (R.B.) L 7FHE (D.P) OWO 5 2 b & T HEARE L THA
Bz OWTENRFR Fig. 25 (1~2) ©L B L7z,
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The relation among ring-breadth, 3004
compression wood percent and bulk- 2801
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g

the group of upper storey trees).
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TS ST F A A E ey
MBI T _RTZ L A LEFTL, TTHENREL e Fig. 25-2 4ElRih & 7 T bR AR O

BICONTE DAEfE L 22 ISR R DR E HUEORR (TIARBICRT 277D
grad TELLTED, TRO DRI TS The relation among ring-breadth,

compression wood percent and bulk-

LRI SR LTT TR L AR density (compression wood at the
DEEFFHIEE S 5 RE LT L L Fig. group of lower storey trees).

19 (1~2) i3T5 X 5 fefksR e LFFMHE L

BHET, WOHINCEFIRIAEZ L TWA D L HOTEDERILLRHREACH bR TS, LichoT
C NS DRRD ST TR OBREBERIL 2 O T FHROBHIC 72\ U TiEa 7e ) IEFEC BN 72 B ERA
bl T B2, FERMOBRICI VL CRIERHIC S SRTRRLRHANIC /e b, i % O JEN
FOKEL TR LI ALHL LR TV LA AN LI uEisbisu .

43. RORHOFIREBR & BABELIBR

431, WO e OEREEER O 54X

BDRDDHERARIZ DT Bk Symmetric 7o#in X € % D 4H_E 5O FK TS~ I
brobhictRFEN4HRZ & DHGEIT OEBBIER 2L T2 D FIRD BIS T~ oD EREE L A
R &R, cO—FRAD D2 R LB TLDT LBOR) OEEREERLMIR CE D, 0K
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BBERR o 2 % RIsifos % 40 kg/m™ I & OEBBER O I b TXEIT % L O ieh it h
EISHD 5 5 FREBER DO SRS bR T 5.

2D 68 ROHEARDFREBER O SR (p. 82) KLBLTHBA, ThmbhELrilS
OB T FHIFED & 2 BRFBER DO 5TiE S bbh TR Y, ThbO5fE IS0
STEROFEBRERD S5 1c b3 DTWA I LiLih, TOBDENFROFMICH BT %
TR OGO 5 b T b DEGEERZM U Tovie h —RINICH L DB TL 5 DIk

BRCERC S Db T2 0RBECERBEROGE. ... R(f)
BIREERIC B B oL T BB BRI D508 . . o R ()
R R Y SR Y - AW v s 7= P R (k)
HEE BB CREEIRMC T2 Th bbh T 5 R ICECARBERD

) R (k-g"
NS DBDEFEDME YD FNTIR E A Y FDEEICO A DT AREREBER D

s i1, T PRI R (b)

ThH, hbDABBERD STHENBRICL DT ERE ILLDSTREC S bbb 2 B5EEEROX
% X0 Table 4 CLHLX 5 ThbH,

Table 4. T bbb ERBBBER D 545 )E
The distributing layers of bulk-density developed in the stem.

1 2 ! 3 | 4
GAFRE FEEET D DAL | TR O kg/m’ ' R-GTRIEDHICL HHREX %
The dis-| the part in which | Value of bulk-density kg/m? | {255 of distributing layers

tributing! the distributing |— - -
of bulk—! layers of bulk- Upper Middle | Lower Upper Middle | Lower
density ' density develope storey storey storey storey storey storey

R(b) | All parts of stem | 300~420 | 300~380 | 300~420 |81.8~19.0| 57.7~7.9 | 55.1~8.4

R(f) | Foot of stem 241~480 | 241~560 | 241~480 |48.2~ O | 45.0~ 0 | 49.1~ 0
R(c) | ff(f;sn"f stem with | ) oo | 241~480 | 241~600 [43.6~ 0 | 217~ 0 | 137~ 0
R(k’ | Heart of stem 241~640 | 241~480 | 241~520 | 38.3~4.3 | 45.5~7.9 | 412~ 0
R(k-g) Heart at the bottom 321640 | 281~680 281~680 | 144~ O | 21.5~ 0 | 61.4~2.4

i of stem | \ |

KD AFIHORED 5 BT 0112 DLAFRIDIGEN L DI T R L LTV B,

I DX D 1 DR O SR DTk, E. VoukerT (1941)%7 2N ATAkD Tanne
DFRGFT 8 KDFFRIZ O T b & DB D SRR OB BRB L W TR b IE 5 0T
50, ZOSEFIED5 “Raumgewichtzonen” [Ch e DT\ 5 3 DTHOT, FONNEILHROZ
BEEHOSHERCET D RED L D01 TH D L2 T 24D THEA, ZOSHRICKLTLE
DEREBEER OB 2 BT 5 72010 40 bg/m® LITOE(bE Fok MET 5 Z Lt L,

#Z D 40 kg/m® 1% Table 3 i Lab Ll & 5 ICHO AR DILH bbb HRED 25 v DL hF

NOFHTTFEINED & O BUERIFEIC SHIeD T B o
#R (b), R(f), R(c), R(k), R(k-g) /e & ®BFL T Rl &\~ 5 BER A7,
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= DEBREEERD 55 DESITA T & B ot UPPER  STOREY TREES LOWER  STOREY TREES
BRI Fig, 26 1CLab Ll = ORTHE ' '
o &5, BoXRERGOESC IO TROD) O
A E Ot S RBI fed e b T HBbRT R
D, ZOBFENEBIC Lo BRI TR b AR

%2 TEH EIREGHIIHERAK No. 17 T Roarg
R(b) DAE JIXHOFEDON) 82 %r L, £ Fig. 26 BT ki) 5 ARBER OB
IR DDOHNEHEER No. 27 TFDORE XLk 5

Diagramtic distribution of the
bulk-density in stems.

DEEDHIS %1l DT 5), IE¥HikER L
bR Y SIROECE RN H BT 54
BBERCH DTN D L AT ENTES, 20 R(b) SFHEND AADT Sk THRE ISR
e R(E), R(e), R(k), R(k-g) 7o X DHLAEAFNENIEE D 5D 7cb THEL THD LD L &
mENB X ST, AL TEARBOHTILZ Wb OABEBRERDSHECE LI LIEERIEY Lo 0
WY, BOSMULEL PHIZERGH L, SMUREL RIAEWHAI L 55T 5,

132. FHBEROGTBO H b Hhh 1

0L R BEROFEEERDSHR (RS b bbh w5 T h EhOBREERD S8
%, TOFMBEROBRT L 7T = 2 —F—%EbLTEDORE IR L LD, TANENENOWRE
WNERDIHCL D5 REIELOEFETLOL (FBARTEZD R LIl D IhCEAEEER
OGFBORE TOEFIA OB ERD 100 %), #ERT L ehbbh T 55HEOXE
R FOFEER S LRESLTLHLTAS L Fig. 27 X315, o0 Fig. 27 KI\Ti%
BRICET S 2 OS5 OKRE 2202 OFBBEEROMIIA I ) & LIeDTWB, 5, ThEigo
FEAEE, RERE, THEAECERL T, AREERO—SHAI LS bbb T 5 205 EOH
HEZL bARTHB L DED Table 5 DX 51Cisd., 2D Table 5 22bhEbMCAE bbb L)
i, R(b) 53R _EE e\ L REBAREE Tl R=321~360kg/m®, TIEAREETIZ R=361~400 kg/m® Ok
AR IRL o TR D, RO SRR EFARMTIX R=281~320 kg/m?, HEARB T R=361~
400km/g®, TIEARB TIL R=401~440kg/m® OFEBEEROHEIC T h 2R b IHFH sH<, Tk
R(k-g) STRMHT DT &, LJEAREETIE R=361~440 kg/m®, FEREETIX R=361~400 kg/m®, TJE
RETIX R=441~480 kg/m* OFBEEEROHEMC TN TR O HEIBP R IR oTHY,2hbd
D R(b), R(f), R(k-g) D 3 DOERBMER D/ TET TIE, BoARAEED I\ EFARED LEEROENT
BEARBC T2 5 0o T B OSTHEL S Hhh 5 BEBER ORI, LAEWIKRE 0T E
ARbELIICH bR TS, Zhiknw L TEFERch bbb T3 R(e) FHEETIILE, H
B, TEAREOVGFINCR T L ZOABBERIL R=361~400 kg/m® WHEARELREL, i
R(k) A ClL R=281~320 kg/m® OFEREHERC ZOHBEEI B LB EL, ThbopfE ik
SO EEIRGCUTRERE GO ELEDBACTIE, ZO5HEOH LN T AEMEBEEROKRE &
HZEAEDDERWEDOD X 3k bbb,

e, HYROBEMBMER O SHERNTERENRDHEED S B s (i3 Table 4 O 2 FIH I
LTHhss, 05 RO) FHEELELALBOEE LIS THbbI, *DENOSHRILE
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The characteristic development on the distributing layers
the bulk-density.



Table 5.

HER DB 1 B AEBER O SAHED H B bt

Development on the dlstrlbutmg layers of the bulk- densnty at the groups of storeied trees.

- AR P | !
P Bulk-density classes 241~280 | 281~320 | 321~360 | 361400 401~440 = 441~480 481~520521~560/561~600/601~640, 641~
| |
S e | | |
Species on ‘ 1 ‘ ‘
the layers of  {it & K # N % | N % N % | N % | N % N % N %N % N % N % N %
bulk-density Tree classes - | i | . s S o
‘ | ;
B R _ ‘ ‘ U EE
R (b) Upper ;10re§ktrees | 3 10.0 21 70.0 ; 4 13.3 2 6.7 ‘
|l ‘ U NS RN R
Middle storey trees '’ 1 8.3 8 750 ) 2 16.7 ; | \
T OB X L | S EE S S E E
Lower storey trees | 3 120 9 36.0 13 52.0 1 4.0 |
R () Uipper%weftrees‘ 4 7.8 16 81.4 13 255 12 235 4 7.8 2 39— —— —— —— —— —
i | i
NI S oren trees ! i 4 16,6 3 12.5 7 2.1 5 20.8 2 83 2 831 42— —— —— —
. ! |
FooE R —_ | - — ]
L wer storeq trees 3 7.9] 4 10 }11 28.9 16 42.1 4 10.5 —
R (0) [f%perjfiore;Ffrees 3 7.1 8 19.0 5 11.9 16 38.1 6 14.3 2 48 — — 1 24— — 1 24— —
[ ‘
Middld storen trees | | -1 3 214 4 286 4 86 2 143 — — — —— —— —— —— —
|
ll;werJEiore;T%rees — — 2 133| 3 200 5 8.3 3 2.0 — — 1 67— —1 67— —— —
R (k) 1 [j%per’fiore;*krees 10 11.7 |24 28.1,18 21.1 |14 16.4 9 10.5 4 4.7 2 231 1.22 231 12— —
Middle storer trees| S 20-8 ‘10 41.6 6 25.0, 2 183 1 42 — — — —— —— o ——  —— —
! !
II;NerJEioreifirees 3 6.7 17 87.7 14 3L1| 6 133 5 1.1 — —— —— —— — == -
. k& R | ) o
R (k-g) Upper storey trees 5 7.7 20 80.6/20 30.6 10 15.3 3 4.6 2 3.5 17.7
Middle étorey trees — 1 2.5 5 12.5 9 22.5 } 8 20.0 5 12.5 3 7.5 4 l0.0‘ 1 2.5 2 5.0 2 5.0‘
N — — — —1 | 1.4 7 9.8 14 19.6 20 28.0 !l 6 65 7.0 3 1

N 01&55&2&, % FHERE LB L,

Lower storey trees
t

I A BRI B D 43I = au&abnéﬁ&ﬁﬁ

15.4

% (K) 2L,

8.4i 4 5.

25

51
24

38

42

14

85
24

45

65
40

71

REICHE T O HEHEK

(1) (BEP1ED)
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Table 6. FHi EEXDECHBbRD
The number of R-layers developed

T B wm E W0 5 M
R (f) R(k)
Upper Middle Lower Upper Middle Lower
ﬁ]“‘,%* storey trees| storey storey storey storey storey
Hzll;t \ quer Upper quer Uppequde1' Upper|Under Uppequder Uppequder Upper
Cuey \ side side | side side | side side side side | side side | side side
0.0 25 — 17 — 30 — 14 — 2 — — —
~2.2 15 10 4 8 7 21 16 — 8 1 23 1
~4.2 5 7 3 8 1 5 21 3 8 3 16 13
~6.2 2 6 — 3 — 7 12 11 3 4 6 11
~8.2 | — 9 — 3 — 5 7 15 3 2 — 13
~10.2 1 6 —_ 2 — — 6 17 ; —_ 5 — 6
~12.2 — 4 — 2 — — 4 15 — 4 — —
~14.2 — 6 — — — — 1 9 ' — 4 — 1
~16.2 — 1 — — — — 1 7 — 1 — —
~18.2 | — 1 — — — — — 5 I — — — —
~20.2 | — — — —_ —_ —_ — 2 — — —_ —
~22.2 —_ — — — — — — — — — — —
~24.0 — — — — — — — — — — — —
3 48 49 24 26 38 38 82 84 ; 24 24 45 45

DHHWONIHEAC DAL BN T BEDTHSB, D R(b) HHifE % D 2\ I BRBER O 510
B2 e h ZhBrOTEE S FIICFREL T B AR, T ORBBEROGHX 1B b L THS L Tables
KLdTE5E, ShbDOS5HEE TEEIICO AL D TH BT MERIC X oT v U5 L WEEREN
bY, BREEROSHERIC AL RS Z b O5TEEO Bl L 0TI MER EhFRERL TUILT
L EDWHIEF DL T D Z Lo\ SO X5 "7 Y 2L CEIFIO S bbb ity
Dk, FHARDIEHLTLSDTE Table 7 DL 5 il , BDBDDLSIHBITONT RSN BT
EHACHObNTL 2HM &, TOEHEWMEENL BT %, Table7 T I HIZZ NS DOSHE
D bbb DM B L h T h O S REEO AT o T 2 Hxifiem L LT L Ly,
BARD LEAREDO OB TREAREO b OWisn 5 & R(D & Rk-g) SFEENHBHNTLBTF
o Rt (CcOMxITe B %) ATHET S (TR S & 2 h b O5TREE T ORI E O
DEWEZAETHELTL ) HHELDTY, ZTOEPOSHEEL L0, THE LW RS
T5 (FEARCS & FDSMEILFOMMHE IO VBV A ETLLFETS) ERELDL
TWd, SO 5 ik, SEF (1953) 8 AT A+ 0 iR THEER L HEROBRBER DL
iR & < BRT, HHERD & OLBOPIIC T & B FA EFAO THIRIC e 2 @i % % £ DT 5
7, IO E\ TR T T Fig. 26 TLO L L 5 CABRICE T F ORREBERDOSHEICL
UGS (BREBERY LI L D0ERN X e o TwW AR NbbbhT 53k, Zh
LOGTREDH LT BE S (A L& %) —RICTERE LB e o TETLDH A, BEE
CRFETHEG R (D) 57 L HIEHOIE IS TE HHE R(k-g) S7k O THIOMR IR )
EREOH TR LN 2 ADBIEEL T B2 AL b,
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ROMEOAE  (HEED
at every each height of stem.

The distributing layers of bulk-density

. Ry \ Rk-g)
| Uppre | Middle - Lower ’ Uppre Middle | Lower
\1_7 ~ storey |~ storey | storey | _storey ~_ storey ¥ storey
i Under Uppe | Under Upper H Under Upper | Under Upper [Under Upper Under Upper
‘ side side side side \ side side }‘ side side side side 1 side side
| — — — — — — 59 — 34 1 64 —
‘ — — — — 3 —_— 2 50 6 26 ! 5 64
2 — 4 — } 1 2 ‘ — 11 — 12 ‘ — - 16
| — 2 — 5 | I p— 3 — T — —
Loy 1 1 2 5 3 — 1 — — | = —
o7 3 1 1 2 7 — — — — | = —
o 3 . s | — s | — - | = = ‘ -
8 1 1 4 — — — — — - = -
j 9 2 — 3 — S — — | — S - —
| 3 9 _ — — — _— . . _ _ —
1 4 7 — — — - - — — — ‘ — —
T T -
] 42 41 13 15 16 16 | 6l 65 | 40 40 | 69 80

Table 7. FRBEROGIEN D LN %M LG OREA AR

Characteristic transition of height on which the distributing layers are developing.

o HebRE EOECOARTR O OR T B R pe s s xo05E
.. Tree classes Upper  Middle Lower =l
. . storey storey | storey | PHOORAHEERORL
7 HibE ! trees trees  trees  Transition of height on
o~ Height of ‘ which the distributing layers
t]?l?'trl-‘{#;s"'t'o Ofstem " | o N o, | are developing, as the
uting 1tion . m 7o m 7o 1 a
layers ! developing o B - ErOWth of Fi? suppressed
] \ l }
: ! N b ~ .
RO ver «id® | 16 7.4] 09 61 05 5.6 WAFH  Decreasing
\ Utpper sy % 7.9 36.7| 5.5 87.0 4.0 44.8} #m+%  Increasing
R(k) Goder <id® 46 2.3 3.9 26.2| 3.4 38.1\‘ #+%  Increasing
ok B sis | 9.2 61,9 6.7 751 % 7
Upper side
R rer aid® [ 12.8 5904 | 8.6 578 6.5 2.8 | #M+%  Increasing
ﬁpper Siiﬁ 18.5 85.8 | 12.7 85.5| 8.9 99.81 ” ”
R(k-g), F il e /L i
Under siqs | 0-1 0.5| 0.0 © 0.0 © | i®4+%  Decreasing
Goper Bl o7 i25| 206 1750 2.0 224 HMTB  Increasing
|

) R S DI A R 21.53 m,  FRBERHE 14.85m, TIEAREE 8.42m kLT
FELL 70,
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a. BOFROLHTEHBEROKRE X

Fig. 27 ICHART L 1I0h bbb T b RSO BBBEROMM % 40 kg/m® B XD 11 Biic
b TEXC LD L TWED, ZORTE R-FBIEredbbbTuwASHEEOAE &% F0HEEARD
BAEOR0D RFELELHNRT D LODWHETLHLTAHS L Table 8 2 rdbis.

Table 8. BTN ERBERDOER S Licdhbbh s BRILR
The bulk percent of each distributing layer developed at every
class of bulk-density.

- Bulk-density } | ’ b i
classes * | 241 | 281 321 361 |40l 441 |48l 521 1561 |60l .64l | ¢
Tree . kg/m? ~2so} ~320‘ ~360] ~400| ~440! ~480| ~520| ~560| ~600| ~640: ~
classes ! | [ \
ki RM) | —} 6.8/36.8' 6.6 I —\ - — 518
Upper R(f) i 0.1 7.1 2.3, 55 0.5 ‘ 0.1 — — — — | — 1156
S:;’;:g R(k) .51 7.90 450 3.9 0.5 0.3] 0.2 0.0 0.0/ 0.0/ — 188
R(c) 0.2 2.0, 2.3 2.4, 0.8, 0.2/ —| 00| —| 00 —| 7.8
| 29 | | .
R(k-g) —  — 0.4 1.8 1.1 0.4{ 0.1!' 0.0 o0.1! 0.0, —: 3.9
b 1.8 23.8 46.320.2 4.4] 1.0] 0.3 0.0 o0.1] 0.0 } —tor.9
fiER  R(b) | 4.6 | 31.2 | 68! —| —| —| — — —! — ‘ 42.6
Middle R(f) —, 2.4 5.4 87 3.1 0.2! 0.2| 0.2 — — — | 20.1
storey  pek) 14“133‘51‘04‘08‘ —\ — — —i —
trees -2t . . o — | ‘21.0
R(c) 0.4, 2.1 1.3] 2.2, 0.2] —| —| —  — —) — | 6.1
R(k-g)‘ . 00, 07 25 286 22 04 05 0.1} 0.3 0.5, 9.8
S 1.8]22.4 43.7'20.6 6.7 24! 06l 0.7 01| 0.3 | 0.5 ‘ 99.8
_ : : | |
THEA RO — | 3.6, ,13.3/15.4 1.5 —| —| — —j — —133.8
Lower R() | —| 0.3 2.5i 700 83| 1.3] —, — — -—‘ — 1 19.3
StoreY R(k) 0.6 84 94 02 06 —| — — — — —l20.5
R(e) | — | o1 o.q‘ 0.8 0.6 — o.1! — 1 o1 —l — | 2.2
R(k-g) — — 0.0 | 1.6 ‘ 5.6 1 9.1 4.1 ‘ 1.0 0.8| 1.11i 0.7 240
5, 0.6 } 12.4 ? 25.8  25.0 ' 16.6 } 10.4] 42 1.0 09/ 1.1 0.7 | 98.7
H) 1. KFRRFEIS LR T AHTIEOREZID I b TRAMAELDL TS,
2. ERERBECROHEOGFMEA 100 %L b /e h /A ZWDid 7 W s L DD RHOH

GHHOlhbTHS,

CORPLEHLIHEARBEIC OV T L0 R-FHER VTR D INWTRch o Thbbh

TWaBH,
REARRLDENRT WS, Tirbhb,

INSOGHEIELREVGIERTHL LR T L % HEEUL, FOIREIC O T e BEAY
FORDDFEEERDOFHBED 5 5T EERED b TREAH

e D TR S B bh b BREBEROHMAIL R(c) 5HEE D FNTTRTLEWE DO BRES
ERORE 1B AICELL T3 AY, R(e) STERITZ DA SRIT R=361~400 kg/m® OHiFRIC
—ELTWBZENHRLDLRTVB, T Table 8 KL®INTWBEBEBEENOTME Lithb
bR TV B AHEEORE %, A SHIHROESTES L OGFHECIWTAESRLLTLHLT
BT OWT ZORERBER S L bbb T b ARE SOERSHE L 2L 2 Th% L Fig. 28
2bhBs. ZORBb2% X 5K, Rk SHE%E O FCTIBEBEREN S A HML Lic/c s & T
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KREOFED B, REAREO DD LD XD
REx20O5HETHHEI TR DI ICh
<iem»TEhH (Fig. 28 TAY Fvruwoih
TLBHLTWS & & ANERGHEN e T
STWATIMIZH DT D), L2 T
R(k) 5fEx DA NTiE, —BRicARERE
BOGHBIAREDE NSO TERD & O
MEED vk, FEO LD LD AE VAR
FEROTHICH b bh b EEeh v &
i BN, OEREER ORI OWTIX
ZFOSAEBOBEEC L oTh 7R ) OEEIN S
v, R(b) 5fEETIE R=360 kg/m®, R(f)
¢ R(c) 53FE T R=(360~400) kg/m?,
R(k-g) /4@ TlL R=400~440 kg/m® @

3

o

- s omI D

Bulk percent Of distiibutting layers

i\l '

HRBEROFERD 5L TR AR L X 5 ® o g |

—x— L » "
CTERBEC S BT L 5 ERERDOSH 2 T*[
FEORE SOHFDL LA CTR2TU R R T R T A T R

3

%o IO T LIFHRERENIE S hicpkeg O RUYm)
FEADKED L\ IoREED D X hEAR Fig. 28 AHEEERSHEOABILE

The bulk percentage of the distributing

Mol oTnd 2 Licied 2t RRIHE layers of bulk-density.

TN FHO L OESIC SEL < BB

BEOCOTND L) Z L TRARL T, BOHDIFEOHAICIG 2O X 5 isliifmnrd bbh, B
DEHHD REK) SHEETHICD &5 Mz o0 X 5 kb bbhTIhn 00 L 5iikdb
5.

1, BOKRDO OGO GHBER O Y T OEHBEERORE SZ L iLdhbbh TW 257 OR
X (BILODTWHREZY) #EALLTH L, hxIbiciiRsebbbhs EhEho
SHEORE SHES L LTE, i, FTHEARBChE TESL T, 8RB ch rhosfiEo%s
BREROEEES $ L DT, Table 9 L L, = Table 9 TiX, bk ZDEFERDERC
b EdbNIESHEOKRE IHIROBINC S L bt R(b) 5376 O AR O EE % 100 &
L7, B8OBO DGR OBHMBER OV (hg/m®) L ZORLELDL TS, LESDTIO
KT, L NEND 7RIS O SFEEREER O E(kg/m®) DR LD LT 5 & LI, BRb b
NTL B EREERD 5 BT R (b) SHEFEIBRORSINCERACHI>THObh, it ORMEE
BOFH & ASUROERNIC X2 TIE L A & hdbbinys (Tabled. 3F|HBER) 225, 2D R(b) F57EA
o BRI IC s\ CIEHE o MG (ER Bk ERX LT\ 5 F F= YRR E~vichbb
NTLBLDT, ER b P YR LdTEARBEROM LA LIthbFTH2) #bobD L REL
T, DRI DSTEEOEEBER ORI EL & D R(b) 57E OBHMBEER DM o nT5 8L LT
LHLTWAB Z kel (R(b) SFEOERBEROWIERY 100 £ LT, Zhi\T 5 xR
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Table 9. FSFEITC ST % FEFHEER O S L
The mean values of bulk-density on each distributing layer.

~_ R 1 B | l 5 3 3 i 4 } S i P .
~Distributing o - [
N N i |
g 0% NPT R®) | RO | R | R | R(eg) | Re
Tree classes | sample |kg/m® % |lkg/m® % |kg/m® % |kg/m® % |kg/m® % |kg/m® %

[ |
R
Upper storey trees 30 342 100 | 345 } 101 || 331 971|352 103 | 405 | 118 | 344 iI 101 E

. . ! ! |
Middle storey trees 12 ‘ 342 100 | 369|108 || 313 92 || 337 98 | 442|129 | |351 1102

S | | 108
Lower stdorey trees 25 358 100 | 3961 110 | 326 91 390 109 | 4721134 1387 { 108

B 3. 4 6. 7 FIHO—-OFFIRBMORINA LS TS |
2 Rs(kg/m®) BFRFROSMHED RIPERODAEIFEARL L Th & DI BOFEERE
BERYLDL T3,

{CTCEDHENIER LS DX DEL I8 DTV BMEL I DTS ANL Do)

=® Table 9 KOWTHEDLNT WA L 51 R » Rik-g) 45768 2127 DRBEBER O
18 (kg/m®) & R(b) HTRIEOBRBERIC T A HIAME (%) b & b EEARD B TERCT
SLEMLTWb enHhrdbi, 0k ieiRiX Table 8 & Fig. 28 2L 35X b2 THDT,
20 2 ODGFAEN L b TEABBERIL, MRNENEL B L) DT EOMECs T L 2%
DEDL Y DEFEERICL BARTIDhEHELPIRBERL T DL AT I ENTE S,

chictonwL T R(k) 45([lEE, Table 8 & Fig. 28 12o\Th & D X 5 IeASREBEER O R o i
kS EBA TR, Table9d 4 FIH L 3 L MRS EEBREER O CIHEREDO b5 WTEAR
BELBLAPZDTIEL DT WD, =® RK) SHEEIEFEDEH DO R(b) SHEL Y ohic/
WEBEER L b0 b O THDLA, T OSTRMORTEELRY R(b) S1EOAREERIC bRTN
LD T BTEEIREDOUNE DIZE DB LAE L LEbh A E LD L T 5, %, R(c) &
FBIC oW Tik Fig. 28 IR\ T, R=(360~400)kg/m® O EEEEER ORI DLW T TEARCH 5
bR TLBHENAREVWITHEH Table 8 LT L3I, ZOFMHIRELEEHOLRTIBHE
BEEERULDRIC (R=361~400 kg/m®) D ¥ 2 A—EL T TREDRBTILI2THE I 1bbitl .
2D R() GEORE X FhoOBINC R W Thhle h/hE < (LEREET7.8 %, HIEAREG6.1%,
TREAE2.2%), TOHSbhhIbhic ) TR SO THDT, Table 9 D5FIHIRALDLND
BREEROHE L, ZOMMIEKRE X LIt oW THED AT Lo C—Ehifiii i s bnT
Wit

ZD XS RO e DERFEEER DS TRIED 5 bbbt bip R OBREBER O-E1E (o7
BEROGFHERPHE RO LODOKE ZETHALL L TH Lk b O TIEEEFREERRs £ LT Table
9D TFHIHRLD L) HHEARDOEINC HbRD &, HEOTENLDIFE L HELNCREL DT Y,
ZThZhOEBI0 RO SfafEcicn TR b e b BRL 5, DX 5 IiEEr S 4%
& MO THRESIE SN TEARB CIREED X W EEABI S bRTBERICIEL T 5 R(H 4
TR DT OMHEA L e RS % (R(D SO A R J1%,#kT 5 Fig. 30icLdT L)
CHEDBBILLI2THEDAbLIR)Z & &  HIEFbie b {FE#L TL % Rk-g) SfiEEEORE
S (BRLDDIRY) ETED Y TR, TOREBEROHIIMH L HUB LML TnE 2
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& O THERDOBERFERDOFEE (BUEHBERD bAREL DT B4DLH MBI LNATE
X5 ThD.

¥, fERKFHC B2 BRI L TRO KD OSHENEDEBBERZ LIthbbh T3k
EX(BRLDDILRY) OEFMEER S LD, TNEZOFHHORE S (FTTO R-Michies Loo
HFHHED W T B ESFRTLB L TAD L, BEBERNOCHLbN T BHHEES 20 (£, &,
TREAR 2 &L L 2ERBCOWT) REFSOEHEILHEIND, ZhikFig 29 Ll =
DRMLHE LR L 5 KESHTD 5 b TR/

bl

SCEREER S ST B Lok g" R | ]

TED RUO HIHITH D, ROKECEREE 5 | | ||\ s
Fr BT L B b DILHEE bICHEL F Lo én e
WEEIRE > < 5TV B Rkeg) S70IT, R(D), £ 5 Ja magi
R(D), R(c) /ifE2 %Dtz L >Twb EEL” Y ;

ZriieD, ¥, R(k-g) ST OABEBERN Z%m ﬁﬂ(‘j ]

FD DA X H K& L 70D T 2 DIk R=400kg/ O NGB0 320 360 40 460 480 S0 S0 60 660 620

R (K¢/m>)
m® OFEEH LT, ORI T T Fig. 5 oD . ,
Fig. 29 &S OAHEER
Rz X 3 IR T Tt e o TR AEEAD L B (E, w, FREARR
bbhTL 505, Rk-g) SfiEOREZ L% Bulk-density of each distributing layer

(upper, middle and lower storey trees).

DEBFEE R ORI X ST H DB & R 3
DHDOMUEDO LIt E L IDTHERWHLEL LA DTL B LD LB bbb .

b. FEHEFORE X

BOBODOBRIZH LN TL 5 R-GHEORE & GO LB LR %) & Fig. 27 oLy
LTha2, OGBS LORE IHHERT Lich bbb A HEER L THao L, miy, T
JARZ LB L CEDOEE L L 2 b THB L, Fig. 30 CLH»T XA, ZhLDSHBOKE 212X
HERDIFINC B & B2 Te b AN A KN

~ EEBGES OF

s yasy a1 GROUPI . ARROKR

EINBD, Tihb, R(b) SfiEOkR & Mo 10 20 30 40 50 60 70 80 30 10
wakomy  omee T T L

& ST EFARIECI 51.8 %, REARHE e sy Tress 0
TiL 42.6 %, TRARETIX 33.8 % MDMLE STOREY TREES 12
7sh, EFlz R(e) HIAEOKRE % i LOWER STOREY TREES 25
KEETIZ 7.8 %, rRFREETIE 6.1 %, REMARKS - DTHE LAYER OF R(b) THE LAYER OF R ()
FHABTIE 2.2 %C, = b 05T 7 - - wE - e

[ﬂ]]m N - R(ﬁ)[:] ROTTEN PARTS
DRE SXKED X EFREICE LR £ —_—
o Fig. 30 &5 fBo%ARILE
X<, REOITFRABRCEI S & L ! -

Bulk percentage of each distributing layer.
RWZRD L TW B D' hE BN TH

5, Zhicknw LT R(k-g) SO AE JIX EEARE T 3.9 %ot oA iR Clx 9.8 %,
THEARBTIL 24.0 2L T h, EFREEL S TEAREECE D 5 L LEWEZORE INBML T
5, ¥, R 5fEE: RK) SHEIMEROBENC X >T 20 & 5 AelilEr7eiEmmd U kg
OEFLD X 52T <L, R(ME) ﬁ#ﬁlff}bk% XTI 15~20 % (EFEAREE 15.6 %, HIEARE 20.1 %,
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TFREARRE 19.3 %) O Rk SfEEOKRE &b 18~21 % ( LIEAR 18.8 %, rhEARME 21.0 %,
TEARE 20.5 %) OWACZTAFRELTWABRTE RV, b HA, ThbDSTHEDEREENK
DWIEXFNFRZ LI0DTWB DT, BOIFEDIRAIICIEREL T L BOTREL L OB e h It FEL
TWATARTOGTE L FEL THE 2 b BRAHCTEEL To bR TERID LR TRETHS
Shb, EOHTEELEG % L DL TZORMN R (K& IO PHEAILEL (ROEXHEDE
{b) 234 DEEMN e EIR A BRT S C s XL vy, 2D Fig. 30 KLHINTWBH LD
IS DOTEARE L CEORENIEHCEL a2 TELLETH, BEMTTES RE) S8 L BILO
EThDICTED RK) SHENFEET HHNHIRRE R (%) BhEHELRVZ 2L, ZhbDSTE
DEBOKRE JZIW LT D EELLERY A BRA52L bR T AEAEZ LD TI0D L 5 TH
5. zhctcwLT R(D), R(c) B LW Rk-g) SfiENBOAE iz LT LHTHRIT, oo
EEREN S TRABCL? ) LB UALVWE/ELDT DT, R(b) & R(c) HHEETIL Z DLk
BREATES T B LR L, R(k-g) S TR 22 THMT 58L& Shicdh bbhTu
BL5EBL5.

%7z, Fig. 27 & Table 8 02 5hE bk dick, d, TEABCECTHRILDEAE IOED
K\ R(b) SREOSBBERI L, RERBECIIEOR 70 %LLED S D2 R=321~360 kg/m® O
SEICH bbb (EEARB T RO SHEOKRE 23 51.8 %D 5 b Z ORBBEROBECSH bbh
T B b 36.8 %THI 71 %, FREARBETIE R(b) SHEEOREIN 42.6 %D 5 b - OIS
LN TLBLDIE 31.2 % THI 73 %Th5D), ZHILTTIC 421. TORKX 51 RB.=2.0mm O
FRIMT S.P.<(10~30) %OBMMROHIMICIE L HHbI T 2ABBERCHIc>TH D, EHRN
EX LTV b+ P~ YHICREGEREIC S Shh T 2 EBEHIHEO O THD AN LT,

c. EOTEEO L TR

BORPIEH bbb TL % 20 L 5 WERBERO SRS L1t OFR#NE < bRTA5 &, Fig.
3L iChkdbIG & 5 I FENOH bbha T2\ Tk FHH & 2 ienis h O bl bbbtk
H ,R.B.=(1.5~2:0)mmD4EH oMz R(b), R(k),R(c) HAiE s & DN =2 ,R(D) £ R(k-g)
SHRBECHOLRAHEIINL 27D 0L 2Tk, hTh Rk-g) HHEBCD DI LHEE
DDV, ThEBHMEOL bbb oW THS &, =0 R(k-g) 5FE O 21230 D5%

F %,

F es)
304 30 l | I
- —o— R(b) layer
) —o- R(§)
204 0 —*— R(A)
—4— Ry v
— Ree) [
104 10+ —

B
\,,

|

T

™ 2 30 40 50 6

Fig. 31 ZSRHEND % ARIC S0 5 4R & kbt SR
Frequencies of ring-breadth and summerwood-percent on each
distributing layers of bulk-density.
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BHL BT DUMROPESHIT LAEBRUHbbIa 2 L TR Y, FiiMc bTHERDIE S
MIDE S IR OEEDIRALCH BN D FIRECHRL S M VEELTWA Z R LB LTS, &
nmtvaﬁR&g)ﬁﬁ@m&Bbhrw5&#%@%&%&&&@&#@%&@&%@5%@am
HLBHLL 2 &> Tk D, S.P.=25 %OMMPEINVLIKLTINL HhREW BHROMA KXW
LbLHEN DL, ZhE DD EOHHEROTEHITIIVH U LFEENOL K 25, &0
S.P.=25 %DM BROFRIIEIRC FT HBE DT 5 BMBORFR 278 ) b2V 0T, 0
Rk-g: 7 fiEIFT TFOMMH 18D 336 {Ie2TL Db DB bbhd, 0L BEFMEI LI
B BN ERRRELR O b AN HEEROFBIIC K B %k, Fig. 32 kLT X5, FRMoHbbh
Mmoo TiE Rk-g) 5ffE 2D F\ Tk R.B.21.5~2.0 mm DERIMOFKMIIKEDHLH VT
FEARZRVAEL 72, EMARECIEENO L <o Twb (R(k-g) SFERFIHERDOEENC
EBHR0EEAER) . LL, ThEMBEROLLLANIZOWTLBARTASE S.P.=15
%OBH R EPNICLT, 2RI DRE VM ROBAICIIEED L 5 W TEABEOHESFIN e X
&<, L dERBOERSHE R-SAEI LD E DLV,

i, RN L ARMBEROIMR L, BbR L EREBEROMRIMEROHIC Fig. 33 ©LbL
fes, ERRIMC 72V U CERBEROBLOBRE T T Fig. 23 L» LAk 5 bctdh T
D2OND %4 7 ORI, H bbb Tk b (T il EEARCsT 2 R & R o5
s b i0ichbbh T %), #EROES L EBEEROSTEZ &gtz Lol T
%. 205 b Rik-g) FAEETE, FHRIICKIET 5 ZRBE IR0 OS5 TRIC I1 % 37 LRI

RIET 5 BHEBERC bRTHR D AW ER LD LTED, RE) S5FHETHREOECTERCE
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BOBECTFAREIC 05 &L CORIL VML TV 2 2 ERHELNTHS,



— = MEERBRIIERS #1015

R (b Layer

30 — 30
=0 UPper Storey thees

20 —o— Middle « . 20
—x— Lower v

10 10

R(C)  Layer
30 AI \
208
10
0 o el
R(A) Layer
30— |
20—
10k
AN

R(£-9) Layer

X

: S
‘ : 0 7 50 60
0 10 20 30 40 50 ng?mm)_o SP (%)

Fig. 32 #SUROEIC 31 5 BB ER O &5 b &b 5 4w &
RO H B bhnic
The frequency of ring-breadth and summerwood-percent on each

distributing layers of bulk-density at the storey of
tree groups.
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Table 10. & 47 1F kb «
The percentage of compression

R(b) R(H)
1 | o8 o T Dok
] Ko § . T R2= 5
E  RE = ESg| ® | Fu = ElE
o ‘ SR : o @55 =
2 = AI) [ 1<} £z 00
! i Te g E Q
e i a ‘ a 7] o <] a 17
w2 | n8 LK . w3 ke | EE :
A T TS Y A B B Y-
508 g ®Z o5& % WY
£ g 8 ®gbe £ E & Koo
gtk ME | ME 4o | REES w5 RE | e w2ES
Zz | o  *< N5EE 4 | O < KZE:
Tree classes | . Z O | L Zo
N | N N % | N N N %
E i PN
Upper storey troes 2433 535 | 3132 17.1 | 854 71 954 7.4
Middle storey trees 631 173 855 20.2 | 204 43 [ 269, 160!
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799 162 | 1019 15.9 392 123 544 22,6
Lower stfo?ey trees \ |} i |
ol 33 s70| 05 7.4 50| 27 { 1767 5.4
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Distribution form of bulk-density
to the height of stem.
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5B L, WEL TR TOMERD 5~10 46k & OERS THI EEIC X 2 B REBER OB /516
Rz IR MBOEEA < Sbb I THEL, Hi ki X > TEOERBELNELLI (0ED
D) Lonb, ZOETHEENGEF6 B (RO 7 OMICHhIc > TEML TV D) KL 5D
DETHHBLNTL B, ZOFE{bix Table 11 KL B L X 5 EHARE FNFR 5~10 Fifx 5 <
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Table 11. REIC\W T B ERBER OB ST D H Hihi e
Frequency of stepwise distribution of bulk-density for the tree height.

Distributing Upper storey | Middle storey | Lower storey Total
steps of bulk- trees trees trees
density for - e e
tree height N % N % N ’ % | N 1 %
0 111 24.8 51 28.0 92 26.5 1 254 26.0
1 129 28.8 47 25.8 131 37.7 307 31.5
2 115 | 25.6 54 | 29.6 94 | 27.1 263 26.9( 7
3 61 13.6 21 11.5 28 8.1 110 11.3
4 23 .1 8 4.4 2 0.6 33 3.4
5 7 1.6 1 0.5 — — 8 0.8) 4.3 .
6 1 0.2 — — — — 1 0.1
> 447 99.7 182 99.8 347 100.0 976 100.0

Table 12. R4 T D ABER OB o7 DI s b b hun e
Characteristic appearance of the stepwise distribution of bulk-density
for the tree ages.

o STRERRE @grs ~20 | ~40 | ~60 | ~80 | ~100] ~120| ~140] ~160| ~180| ~200| %,
{ﬂ-;‘sﬁ“\\ Distri- ofage
Tree |buting
classes {steps  ~ | N % N %I N % N %N %N %N %N %N %N % N
“ 0 59 53 21 19 12 11’7 66 54 49— —|— —2 24— — 1
RER 1 14 11| 34 26/ 29 2320 16|16 1207 57 5 2 20— —— — 129
Upper | 2 2 224 21/25 22 21 1817 15/ 8 7 6|5 42 204 4115
storey 3 — — 2 312 2oi 14 2310 16/ 9 15 1005 83 5— — 6l
trees! 4 — — 1 — 6 — 8 —7 —4 — —2 —2 — 1 — 31
5, 75 17/ 82 18| 84 19/ 70 1656 1332 720 44 39 25 1] 447
0 37 7310 200 1 20 2 41 2— — 51
AR 1 2 422 41712 26/ 8 17|3 6— — 47
Middle 2 1 2010 1921 89 12 228 152 4 54
storey 3 — — 1 5 8 33 8 384 19— — 21
trees, 4 —_ —— — 2 — — 3 —— — 9
s p 40 22| 43 24 44 24/ 34 19]19 102 1 182
0 68 T4 22 24 2 o — —— L ] |92
TER 1 15 12| 49 37 41 31| 20 156 5— — 131
Lower 2 — —|{ 17 1833 3535 3718 91 1 94
storey 3 — —| 2 7 9 82 7 259 321 4 28
trees 4 _ - — ! = 1 —— 2
s, 83 24| 90 26| 86 25/ 62 1824 7] 2 1 347
0 164 8553 21|15 6 9 47 34 2— —— —2 1— — 254
B 1 31 10105 34| 82 27|48 1625 87 27 202 1— —— —{307
Al 2 3 1151 19079 3068 26[33 13j11 47 35 22 14 2 263
| 3 — — 5 5129 26/ 29 2623 2110 96 65 53 3— — 110
groups 4 — -1 - 9 12 —i1 -4 —— 2 —2 =1 - a
p> 198 201215 221214 221166 17|99 1036 4 [20 2014 1|9 1|5 1] 976




Table 13. ZREEEROSIREO D bi>ivhiz
The appearance on distribution types of bulk- densxty
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WOEDLDIXEDK 65 % (AR 53 %, TR 73 %, ThIR 74 %) MG ~204ED L Z A D,
bbhbhTED, AEBERD b EEAEE 5 L LEVKES O L 2 A BB, EL T
D, BEBEROSTHROBKNET A Lichbbh T b 2 — F LEWCEGOAWE HIX
VT, FREBEERA 3 BUC LT % 3 O TS 80~100 EH LD L Z A DL Twd, Lkt
DT, MEOFE & EXZ OFEEBER OB L2 D B TH B 2% B x EdiconT 100
EHWETOH W ) T BEO BN TETWB Z LD, ZhEl EDESDOLOTILE
ThEDHEOLLBBEMTZR E DL,

DL Z‘Eﬂ:@_ 5B CHAMBERD 3B E COBMBTELTS 0 (FREBERDOTRTOLELD)
HLTRIZ 96 %<HVDOLDETHS EFNTVD) KON, ZOELOFAZEIHL THEROR
B BARTHD & Table 13 1L & 5 ICABBERD LLOF R THID $ DILERD 68 % (L
AR 57 %, IEKR 60 %, TIEK86 %) KB IO IO & DiTi>$h5% (LEKS %, rhEKG %,
TEAS%) T ET, #H 0O 27 %<HWDH0N D THENHMOLONZELTHLbRTWS
CERID . LI DT B0 FIEMCABBERORE W02 bRl EfE ETIRoRTLE
WIZZ OFRBERD /NS Ko 2T L BRPVR A BFHCH b TW 2 RETH D L AT T LN TE
B ¥, COBEEERO BT HEINT Table 4 CL» L 51, THOLOIZLKDHI63 %

Table 14. ST 2EBEBEROSHERO 35tz

The appearance of the distribution types on bulk-density for tree ages.

W %

[
osrivy Years { ~20 l ~4o ~60 | ~80 ~1oo ~120
Bortattl of age|

I
~|4o’ ~160! ~180] ~200. ~220| 3,

Distribution - :7777’ :
T o sity N %N %N %N %N %N %N %N %N %N %N %N

3 N T
1 31 —104 — 78 —39 —16 — 4 — 7 — 2 —— —— — 281
T T 3—‘43—@55—"39—8—;5—33——'2—1———— 159
Type 1 |111 — — 2— 9—‘5—8—’1—!-— e 25
P 34 7149 82142 3183 1832 710 210 24 11 —— — 465
I - — 11— 4—9 -9 —3 —— —— —— —— — 26
nro— === = 2 s —2 — 1 —— —— = 10
Type 0o I - — — — — —— _.— e e ] o
pA — — 1 3 4111l 30114 386 16 I 3— — = 37

o \

0 — — 6—18—21 —18 — 3 — 3 —— — 1 — 4 — 74
I ]1]1——2—7—-——3—2———2—1———'l 17
Type rijonif — — —— 3—8 —2 —2 —— — 2 — 2 —— — 19
s — — 8 7282529 2623 217 63 34 44 44 4 10
nr ————2—16—16—2—11—1—2—-——-—————— © 20
PRI — — —— — —— — 3 —— —— —— —— 3
TypeH]lL]’I—-— l— 1—4 —1 —2 —3 —— —— —— — RV
p — — 3 9 72010 296 123 94 112 6— —— — L35
i — ——— 9—11 —3 —2 —3 —— —— —|— — 28
nrn — — — — — — | — 8 —— == = = = 5

b3 — — — — 92712 386 182 63 91 3— —— — 33
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B, ZHIXED 65 %A 20 FLIT ORHNE
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Wh DR R & D LT EOERBERDOAE S A Th, Table 15 KL T & 5 I HEARBETIIZD
& — ' R=320~360 kg/m® (bbb & 5 mERMLICHESHELDLTHEA, o, FERTR
Z OFFESARED TS D RIEF TLA S F D€ — ik R=561~680 kg/m® DEFEFEROFBUCH T2 T
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Table 15. FEFAI/CAEIE B g
Developing frequency of the bulk-density

= Classes of :
\\,\bulk-density kg/m® ~280 ~320 ~360 ~400 ~440
g

Tree cﬁlassm

Upper storey trees

% N % N % N %
|

X
z
z

| E
2 16 | 12 9.3 | 29 225 | 19 147 13 1000
|

Middle »  » - = = = 6 11.8 5 9.8 | 5 9.8
| t

Lower 1~  # - - - — | = = 3 3.2 | 2 22

In all 2 0.7 ) 12 4.4 35 12.8 | 27 9.9 | 20 7.3

D, BEEg, FTERTROTOMER GO bhlkdDihicoTkh, 2L AHRLOTHD
CENBHELDTHD,

b. BOEFEFHCARBER LDYie

Table 11 THIbhick 51C, FEREMOR L Z 74 %k L84 OXGOTEN SIS FHEER DS
EWVENLTWB DT, TOKREDEDIXILDE[NIEFTOLDOTH N (ABU LA BEE
HOSTENET B & DA D 5 %BLUFICT EI) . 20X 5 IR EER OG0 5 b T,
OB HHbNTL B THDECDWT EF L OEBEER O O 1 ick { bR TAD & Fig.
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Developing frequency of bulk-density on the distribution
types of I, 11, and 11T Cor IT 1).
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LEDRDH BT

equally distributing to the vertical direction of stem.

~480 | ~520 | ~ 560 ~600 \ 610 | ~680 s,

| N % | N % . N % N % N % | N % | N
| o N o . 4 [

15 11.6 4 3.1 5 3.9 | 27 209 | 3 23, — — 129

i 20| 3 so 8 sz | 1 20 m a8 1 218 | s

13 14.0 15 16.2 10 10.8 20  21.6 . 10 10.8 19 (20.5) 92

29 10.6 | 22 8.1 | 23 8.4 | 48  17.8 } 24 8.8 § 30 1.0 272

36 1L & 518, R=360 kg/m® DFEE TR0 TEH (1 B HOAREBEER KTELL0MED L
FHETEDLLDL Y BELSHHN, R=360 kg/m® DOFEEL T _EHFDOHST (2 B H OARBER) Kk
BEDOTWD, 0L RARBEROERIILCHEARLEINL T bRTAD L, KILR=
350~380 kg/m® OFHFIT IO TH D TER Y, EEARBTIL R=350 kg/m® KHh\v 2 AR, TR
AREETIE R=380 kg/m* h\ 2 AR LB TWT, EERESBH, TEREC 25 Z0F
BEHERORRL LW Z0MMEORE L B3 E AL TWA I ENREDLREMN, BOZDE
TOEWFTERBERO BT 52N g (2 DOMHESTiE bRIcz D Fig. 36 -~y FvrL
TWBESOE) LA LB,

¥, BEU IHOLOTHOARBBER 2BECHINT WS DO TIL Fig. 37 RLHTILLED
HRBERORE SR EORIC R TE2 e b IR eH iR LH L TED, 0T — FiLBo FEHR
(1B H OFBEEERD Tk R=360~400 kg/m® (TIEAREETIZ R=400~440 kg/m?®), 2EBHO 4 DI
R=320~360 kg/m* CTIERMEL R=360~400 kg/m?®), o ki ( 3ERH OBBBER) TiL R=280
~320 kg[m® & HRCEEFRERAVNE T BHRIC Y ST b, 1EBH & 3B H TRt 0REEEi
DOHBBRIC L 272 D DX VIR TETNB M, R=360 kg/m® HHLE L TIRIE R=440 kg/m® DIXA
DT HROERED S DICOWTHILHTH VD Z 0k, o, FTORSTHEBREEROETHEN
BEETZEAEDDLIRWE 3 Thb .

TN TIHO B/t L Lol Table 13 LB L L 5 RERDH TN 5 %Bic T it
WOT, TOEBEBERDOFHOLILSHEV HESLL TRV, Fig. 36 KALNRS L5, A%
ERD 2B b5 0 TH 3BICHh2 bOTHLROTEBICTES o (1B HOEBUEIER 13,
LHEDODDODELUAED S DL bRTHM Y FEHBERO/NIVWHCLLTED, Z0%~FILRS
360 kg/m?® (2 BRIT# LT % & DTIE R=280~320 kg/m®, 3EED $ DIL 320~360 kg/m® DHFT S 5
b Tns) OFECH bbhTk), Z02~3RHICTE S L OOBRHBERIIRERMOS5E% LT
R=400~680 kg/m* DEIPHIC 57 lc O L DI B B 725 L 5 I BB RSHO L kx Lo L TWw5
OREEDO L S HBNB, ¥, THHRANLITIFR: LCXFLicd ik, Fig. 36 T&bLhB L)
KBOTHOLD (1EH) & Efod o (3BE) OFRBEEROSEITIZL A LB THDOT, #
K (2BH) D02 Zh b0 b0 X W ERBERO/NEIIE KL BIZ I AL TD DT HD
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UPPER STOREY TREES

(DistribUtion type 1) Fuos (DiStribution type 1)
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40 Ay —O—ON | STEP 40 o —o—ON2 -
/Y —o—0N 2 STEP “ —%—0N3 ¥
2 - 20 )L it
0 0 {ﬁhJ
MIDDLE STOREY TREES
€ —t—t 60 3 S E -
—O0—ON | STEP \/'/ﬁ —O— ON | STEP
40 /‘"Q , —S—ON 2 STEP 49 T SN2
3 e —%—ON3
20 \Off 20| )/ n/\:ﬂ L
JaLIN LA
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ol 0 &/ NI
LOWER &STOREY TREES
60 i i f 60 i i + t
] ~—O0—0N | STEP

4 —O—ON | STEP 40 N.. —&—O0N2
|

" fj}(f\@l‘ . —®—ON2STIEP ﬁ\—x—ONa .

2
N// )’/ ::”,
O —CeS Se a0 ot ° B0 560 440 530 eo—zl‘ao
R (K&/m?) R (X¢/m3)
Fig. 37 IR IO T 1T d o b R BE B DS

Frequency of the bulk-density developed on the distribution type 1 and T I.

e

c. HREBER OB BEMOH LENC X % 5 bbbl
BOIHTHEMBER DO b B H_ L% Z ORI OIS (%) L LThbbL, ZOHERT
By NHOETHIT T HRTHRD L, Table 16 R LT L 51T ITHD 4 OITARBERD 1 BCE

Table 16. BB OSAEIHEEIRIC S B s HIxN 7 _EEso 13
Appearance of the relative height on which the distribution
of bulk-density are stepwisely developed.

‘ T 7 Type 1 1 74 Type 1L

MikE o S L ,
1ED& | 2B04HT | 3ROSR LEOGA | 2B051 | 3EDST
Relative distribution distribution| distribution | distribution |distribution distribution

height . of 1 step of 2 steps of 3 steps of 1 step of 2 steps | of 3 steps
%W N % LN % | N % ! N % | N % | N %
~20 10 3.6 16 5.0 4 5.3 —_ — —_ — — —
21~40 56 19.8 105 33.0 22 29.4 6 23.0 2 10.0 —_ —
41~60 92 32.7 81 25.4 16 21.4 5 19.4 3 15.0 — —
61~80 | 81 28.8 | 76 23.9 | 18 24,0 8  80.8 7 35.0 66.6
8l~100 42 149 40 126 | 15 20,0 | 7 269 | 8

2
40.0 1 33.3
3

X ‘ 281 | 318 75 26 20
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1635 b OuLHl EiE 41~60 %Wk b kI <, ARMEBERD 2 ~ 3 EICh NS b O TiLHl i 21~40 %
CEbEI<hHHbN T\ 5,

T L CILB OB C, 7 OBEBEEEROL D BRI h 0 53 % ORLETIHE_EE D61~80%
CRIBES LN TWT, THDOHD L bARTH D I WAETED D bbb Tnb & L 2th
Dh, Elo, TOX D IWEBBEROELH LEE T ORI, 1B L 2 B0 doieonCiEREER
LT bRTAHS L, Fig. 38 BRALHHLND X5, E, WERTIZOELN1EDOLDN 2 E
DADEY WFRLHLEE 40 %LLED b AT EEEENOEDEEN i < feh, 40 %LITFOH
FETREOEMS 3BEDOLDDOHEL VK< b
b Twd Z 2iieh o LichoT, AREERK m$$$$:? £%ﬁﬁﬁﬁ

Fe  (TPPER StORy thees) Fom,  (Midde StOrey trees) -
1B d DT, HIEFED 40 %000k 4 ' 4 N
N
DBOIIC E DEBES S bt , A ”
. 20 L 20
BEER 3 BEIC B & DT D 1 BeH OB AN AR /// %
10 g/ —O— ON 1 STEP 10| —O—0ON | STEP ® —
LT 40 T RO S bhhET Vb0 —mese | —eause
ThA AP X x En 9 L& o 440 (FEX) T&oAm( LT ER)
ChoLhADRZBND . TOHLEED 40 %%k DISTRIBUTION TYPE 1 DISTRIBUTION TYPE I
)’.“.‘?jif‘&i 8.6m (_I:E/T\‘@l?i‘fﬂﬁfrfﬁ 21.5m & LT) 0 (LOwEer  Sterey thees) a0 (Upper Midie and Lower Storey tjees)
FAR TR 5.9 m (FRIEROIESE 14.9m & L 30 ”/\_ 5 s
T) BT %2, FRRCO WTiatmE » : mﬁf
-, . 10 —O—0ON | STEP | —O—0N | STEP
KO1EE 2BDBDBL WIS E D HE Bhis j .—s—ozlsteP —o—0N 2 STEP
R S o o d0 G0 E - O W 20 s 5 10
AR E DB, S LTI 0 RELATIVE HEIGHT %) RELATIVE HEIGHT (%)
iz oES A A LB

Tit, HEE2 60 %I TIRATHEEER D 2 B
BAEN BED DL D BB HBHRTT, Hik I3 b B BB EER DT B IR
75 60 %Ll LGOI I AR 2 BT Frequency on the distribution of bulk-
b EOEREMND BT, 1HOEHD ‘density developed at the stem height
(relative height) above ground.

bOMHHHNBH EEIC HRThHTe ) 2 LieD

TWBHTritieh.

45. Boni=5EBRBEROEL

451, BOSENE L ABRER OB

R % 5~10 B8 TR L Bt R C, 204 L DlgEiE (D em) LB Hm) Lo
JLH/D % b 2 3, ZOFHOIRETZTH bbb T 5 BB O TEE A7 B LD B E 2 b 7 2 T it
RO LD T L Table 17 DX 5k, o, FIERZE U CABBERO BT 5 BEOR I 0
(ESEWEE H/D O/hEv e ZHREEL, H/D 2kE e oh Tk, AESEEHOLT 5 EH
PPN DRERLTETER Y, H/D>100 TRABBREND M EEC L oTE ok Bk L
(0EDHD) L5MD, 2ok ) AR EERHOMRRCRELHESLITHY, FATHER
DEEEAGC D B e Te b & A EEARE T H/D>81, HEARE T H/D>91, TEARTI: H/D
>101 KD TREDH AL DIEFE LEWIE HD OREWE A5 DOTWE L NAREDdbRD,
Eh, BOSENE H/D T X O TAREEROE(LT 2 EEOsHbbhd ok { HRTHh% & Table
18 IRLDT LI, H/D=71~80 Dk XITHI EE=21~40 % THRBBERNELL TS b0 ED

Fig. 38 0 ki (FHileE ) ~»o



Table 17.

BoSENE (H/D) L ARBEROSHIET 5 EH

Degree of full-bodies (H/D) and the number of steps on which the distribution of bulk-density are transforming.

Lower storey trees

?L\'FO Di;t;i- Upper storey trees Middle store}; ‘trees
%Ef‘;‘ﬁf b‘éié}‘,% 0 1 2 3 b3 0 1 2 3 s
/D SN % IN %N %N %l N IN % IN %N %N %] N IN
~50 13 8.7 42 28.0 36 24.0 59 9.3 150 1 2.9} 20 58.8] 9 26.5 4 11.8 34 | 4
~60 31 10.8 80 27.8108 37.5/ 69 24.0 288 | 8 11.6 16 23.2 24 34.8/ 21 30.4 69 | 11
~70 24 11.6) 84 40.8 60 29.1| 38 18.4 206 | 10 9.7‘ 54 52.4f 27 26.2| 12 11.6 103 | 19
~80 26 22.4 52 44.8] 18 15.5/ 20 17.2| 116 | 13 3.2 8186 18 41.9] 4 9.3 43 | 34
~90 26 50.0 16 30.8 6 11.5| 4 7.7] 52 | 6 20.7 20 69.0 3 10.3 — — 29 | 21
~100 8 80.00 220.00— —— — 10| 5 71.4 2286 — — — — 7 |13
~110 4 10.00l — —— —— — 4 3 1000 — —— —— — 3 |10
~120 4 — 2 —— = — 6 | 1 —— == = 1 4
~130 2 — = == == - 2 | 3 S [ i — 3| 4
~140 1 — 2 —— == — 311 - == — = — 13
~150 R e e e T e B T I N |
~160 - = = == = == V= = = - — |3
~170 — —_ A= == = = = = = == — =12
~180 - = H= == - = | = - == == - = 1
~190 — _ = = — | — __‘__ R S —_ | —
~200 T [ e e T T I N
201~ 1 D e e 1| — —_— = == - = 1
3 140 —280 —228 —190 — 838 |51 —120 —{81 —a1 —| 298 181

26.7
26.8
23.5
28.3
22.6
43.3

100.0

[
" v

2
%

8 53.3 3 20.0

16 39.0 6 14.6

38
56
54
14

186

46.9
46.7
58.1!

46.7

24
30
18

3

84

29.6

25.0

19.4

10.0

N

3
%

19.5

41
81
120
93

30

409

e

10158 SR %
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Table 18. EDO5EHEE (H/D) » HREEER OGAREACT 2 FHI 7l 17 & O PGk
Relation between the degree of full-bodies (H/D) and the relative height
of stem, on which the distribution of bulk-density are transforming.

i R R ’ i | T T
~_Relative ~20% ~40% ~60% ~80% ~100% | %
B0 ~~  Height )
S HD N % |N % |N % N % |N % | N
~50 29 14.6] 39 19.6] 42 2111 50 925.1 39 19.6| 199
~60 46 11.5] 79 19.8 8 21.6| 94 923.6| 93  23.3| 398
~70 25 6.4 98 25.1| 99 25.3| 91  23.3! 77 19.7| 390
~80 13 4.7 91  B32.8 73 26.1| 57  20.4' 45 16.1| 279
i I
~90 2 1.1 47 27,0 52 28.8| 49  28.1 t 24 13.8| 174
~100 — —| 8 17.0 15 31.9| 19 40.4 5  10.6 47
101~ — —| 2 3.8 12 22.6| 20 37.7‘ 20 37.7 53
> 115 364 378 380 ’ 303 1540

BEL ShI DREENNE (7o THRE o> THEMFBER OMEN/E T uTFhd LEw
H EEORINE ARSI TL AHANRLEDOND L 5 ThD,

Eho, BROBEWBRELOSHRD L 2 OBOBHE (Fy) FHEEER Re by, thrroiR
OE Hm) riEE (Dem) O H/D K2onWT7w Y FLTHBE Fig. 39 RLDT LK, &
OB Rs 12581 H/D i3

. Ks(K§/m3)
IO 5~ (Fig. 30 Cry 7y g0
FRLT5) OREMThHbbITL %, 460}
to Fig. 39 TITIFEROIBRUEATREE aq0l 1

¥ Rs OFEBFDO T, FELRGLUTH

A20
R OTTEERERIZ 2 O M ESR D 1o oo ; i
)
BIEEOR CHLTOBTRE b, HDD | , I
—sEOHEFA 2 L 1T Rs OIEEER & LD TS ¢

L EERE TEROSH LD & b * i
BMNHELNTL B, 2D L 5 D - O UPPR STOREY TREES
kb RS 20 dH\2EOMERC T, 2 Y v .
©¥D Fig. 40 THEETERO LD 0 S ﬁiiﬁﬁa
A-B-C ©lpr A-B'-C’ OmaEXicL Tt .z'csH/D.éo
Fi cOZODRII (RERE) I pig. 30 gk mesmmmE: SO
oL TEL WY Lol (7w (H/D) * OE&

—ZNEELWELT), OGS D Relation between the standard value of

bulk-density and the degree of full-bodies

DEREBEER D 7 L Ie it D> C YRS (H/D) at every sample trees.

LY DOREDRENEDN2HRTLS

TR EORLGHMNTH Y, Fig. 39 THEHE H/D Ol & GUROBIEFRTEEIN Rs & 2 AT
B0 5EEr Fot —HLTWB Z 7% . E. VoLkert 132 D4 nc o35
Mg & T IR 7 OEEAERRER L EH1Eh D T, BIT0L bid FEEFIOHEC T
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D, RO IMINBEBRIERORE WL DD bRTL B\vb

5 DB RS2 L D AT TH S L LTWB 2, ZORKKoM

BRI BT B &5 Ielihlo o b OWETRL % D F T

BRI ORI LB O IRITIK S, dMlicirh 5 i3 EL

7% (WESEY B L ChuIEmmIsMiic s Sz e ¥ <

7%) HlfE b2 b0T, FMNORE b L NERBER

DREL DL EXIET S L THL DX ) In—BiNi il ED

B B c < BN E T A H OB I U CE HiETH D v 5
Fig. 40 HSTEED 2 & PTE, XbiCERBOHE bIT b WM, Sk
5 2O0H WLTEDE= 2y FDRORE LB HICDTED, &
2 stems with equal tree DGV EBOFIRD & LTCEDIARREI R B LB LD
height and different ) . s

diameters. E0 ) Ted, ILIABEBEROAE R 59k o FaiEns

HLbITS ST b ORI IDIIFRNTHS & LIl
5.
452.  fpHlibR o SR & REREREER O B
BB DU T 2 E CHISE L OITEE L Clsts < D% s b Tis 0, —IC 7 v — %0
AR, KT OISR, HIE b h < ORIE D 0% b HHEF 1 v 4 FBR LTS b0
Eubil BB ODDBRED D AN L ERTD, S0 5 BIRORERE HTFBE OBV
ABRBERAY, BRRENOASHC LTS LD, TOERAOS DT 5EEEEOSHOW
BT e S (%) L LTL»L, ZOBROLEREDOAMET (%) LZoH5HCH LA
T BB OTEANC D FTE » OBER 3% &, Table 19 K LT L 510, & WEEHEE
BB DR BT IR T ARD &, ok 2 ITERO LTSN ~40 %D b O CHRABRBER D1 D HI
FEL~0%D L = A OFERMNICN S, F1o, WBOBERLN 41~60 %OH FETH S 0TI
BEROPDAHEE L 41~60 %ICh bbb BFERAE b ih feh . BOBRMA L SRR O b
BHLR LA E ) RN 2 DB AT LA L, CREBHERER D b5 BHT 10

Table 19. Rt LI & AERBER D5

Relation between the transforming point on the external form of stem and the

\ Iz;gggg Idi%r?%ugo?gfﬁ ](Liif%ri%ugog}off néi?:rgﬁugo?of
R Relzitive‘———f} Stepﬁ - 72 steps‘ : A 3 steps
g;iﬁighem2}~ao~woAﬁo~6d“’ > ~Qo~40~6o~6d“’j > ~Qd~40~6O~BOA/ p
point % % | 100 | 100, 100

~40 10 4 no2 28 | 31 22 21 17102 4‘ 6 & 9 ¢ 3

~60 ! 8 52| 82 22 19163 25 79 67| 67, 50 268 22 49 57| 63 52 243

~80 1 19' 10| B3] 7/ 100, 11| 52 43 40 30| 176] 9 27| 21| 26/ 28| 111

~100 i — 2 2 — 21 31| —| 4 s 2 s 16 — 1 1 — 1 3

3, i 10‘ 63 98 96/ 55| 322 47 166:137 130 102| 582 35 83| 87| 98 87| 390
I
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WTLK BbRTHRD &, BEBERP IR IEOEE L5 2L kiko & & & ok Bk UERT
KIEEIER O b H EEIIGRO B RS L IERC R LD L Tn5 & 2R e b bR, 45k
BB OB 2 B0 & Xk, BEREBERO D H EEEHO BREICRL <, W bR EE2I~
40%D & = AR B BB e v ZAUIERBER S 2 BIC 20 Tw 5 L E O TFTBROMEL M LT
21~0%IH 1B b DRBR WD THH 5 s bbh, ZhCkn L CEBRBERMN SEL Lichib
ERVTIG 60 265 ROH EEICE D HBIBD b e DT B

¥, BOEEAERBER RsiX, FOMKHEICH 72D Wb LS LWERIN, LI L, FhiBos
W H/D AL TR L T M h B = &3 Fig. 39 TH X L2 Th B0, Bohfobidic H/D
DRI\ U CHD T b DETEBMEER DR N E D X 5 e B bR LD LT 5 D ThHENEIHD I
I, Fig. 3917w Y F SRTWBMEERE L, 1, THERS iz O5ME H/D o—FHEoO o
{HbF LT H/D DAL XZ L IEHEERREEN Rs L ABBEROSHEOKRE S (BohhicLd
BHHEY) 5 ORBEBEROWSIE (kg/m®) %< 5T Table 20 kL LT, ZOXRTHELIT
BB Lo, BOSHE H/D »RE L 7es Lo ERAE MW H S THEb LI D%)
bk O _LREAREETIR LI ERF LT 525, iWEOMEI T2 Hiige\ - U FERE T o h it
B BE ORI AN L D & SR FeoTls b, T OREMERREER Rs 4580 H/D kil
THIRTHEANLDINTND 2 2XhEB2THS (Table 20 © 10 Fi),

CREBIFEEL TV A OB Lichd b, ¥ TRRBERONHE,SEME H/D kil TEk
LT B HIeEhd 0k R(D) X0 R(E) 457ETH b (Table 20. 5, 6 F] DEBER O
ED%E(), Zhuciz-L T R(e) B H b T 2 AREERL H/D itk L <\~% (Table
20. 8%Mo Fi, R S TILT OBBBEROMIL £, HEAREETI H/D c Il Tw55, T
JEARE TR L A Z S A% BIEEAS 5 v, R(k-g) SFREICOWThH, FERETIIED
BEEBEROWIEZ? H/D T 2EHANS E iR DONE2, EEABHCRTULInL )
TBFL D & BA TR,

DE, ThEESHEORES (LB MEL) CONT BRTARSE HD AL THE
BACIIRL T % & DX FEREED R(c) 57k e TEABD Rik-g) SfHo 2 oTchoT, H/D

FEESHNC ko B FHxIEh Tekl B & DBIR

relative height on which the distribution of bulk-density are stepewise developed.

v E b o 5 A P . o
distribution of 4 steps 4B M o AR distribution of all steps
. e S I i L
2000 ~80 | S, ’ ~20 ~0 ~60 ’ ~80 100 =
T T T I Nyl N %l N % N % NI%lN
o {
5 8 9 11 9 42 21l 10.2 55| 26.8 43!, 21.0 52 25.4 34| 16.6 205
I T |
15| 32| 38 35 39 159 70| 8.2 192, 22.5 244| 28.6 87, 21.9 160 18.8 853

|
3 9 8 9 9 38 24

5.6 107 25.2 82 19.3 138 32.5 74 17.4 425

—] 7| 14.0 8 16.0 2 4.0’ 33| 66.0 50

B O T R

23 49 55 55 7 2391\ s 361 377, s L 301\ 1533
] | S U B o L [ R



Table 20. B o 27 b r AEBER O 5K
The external form of stem and the distribution of bulk-density.
T T 2| 3 P s e 7 T FE | 10
EEEOR K Vo s = FRYEI0)
Number | H/DoxAL | B 8 R & HixtwoTe dr ~
of Volume of stem/|r. h. of E‘a-‘ R(b) RCE) ‘ R(k) R(e) R(k-g) Rs
sample |Range of H/D| Area of bottom nsformmg N : 1 _ I
t . i | . ;
li\?e % (I){feis;%rtn o>f< tree pomt% % = kglm®| % ’ kg/m? gl % \ kg/m" % ] kg/m®| % ’ kglm® | kg/m®
FER 8 40~44~48 i 0.33 40 i 62.0, 338 | [ 16.7 | 325, 13.2 } 312 4.3, 380 .6 404 \ 336
Uslggfery 15 | 50~54~58 | 0.37 48| 48,91 3461 13.9 ' 338 287365 374| .1 409 | 347 !
! ] ;
trees 6 | 60~B6~71 0.41 54% 42,9 |‘ 3497 19.7 | 32" 161 | IR R ATEEIY; I3l 395 3537
HRIER rteo | T, Cass | e | s . ‘ '
A [ 7 39~51~59 ‘ 0.42 €0, | 43.5 333 | } 28.7 | 355 } 18.7 306 || 4.6 k 349 8.4 421 345 |
| |
storey. 5 | 61~T2~91 | 0.41 arl a2 | sset 14 4001\ 24.2 321l 8.0 328 | 1.7 463 | 3647
—_— ! _— - S ‘ N [ — - ‘V -
TER | 11 | 38~59~68 ' 0.40 \ 62 38.4 | 346 | 20.1,| 388, \ 18.5 | 327 | 3.2 | 405  19.1 | 456 374
;“t‘:)‘f:; 11| 71~74~77 0.45 : 641 | 28.4 | 340 l [ 19.51| 399 24.4  3271] 1.9 - 367  25.9( 473, 391 [
i | |
trees 3 | 82~119~178 l 0.45 ; a6l | 37.3 376'i 15.4 1| 4127 13.0 6| — — 3437 s08%  410Y
) E T OB ER (kg/m) T B BRI H b h T A Eh EROSTHOAE S (%) %EXL quzfjbto
Table 21. EBEEAREBEN :HFEROBICKT B ZD5ME
Standard value of bulk-density and its dxstrxbutnon in the stem of sample trees.
S - N T — = -
- FREARK | R £ ] R K R ‘ R(k-
&8 /”Jﬂ\\ Number of 1 ange of Rs R(b) ® — R } () o ( {_i)___
St f let T ; [ s | '
trgéegyrc?ups - _ Samp . rees‘ kg/m® % ‘ /””J % | kg/m® . % | kg|m? % ’ kg/m* L % l kg/m?®
2 307 oT( 300 2.6 ' 318 | 6.4, 260, 15.4 336 ‘ S 5.7, 364,
g B N 20 327~339~356 3.4 340 16.1 | 336, 17.7 319, 5.9 338 | 4.4 410 l
Upper storey trees | 5 365~370~375 8.8 l 373 L 11.1 363, 26.9 360 | 9.4 Bl 2.7 422
o 1 L2 375~384~393 | 22 6 4207, 38.4 872%  28.87 370 9.0 4097 170 356
H = * 9 328~342~358 |  42.3 ‘ 334 | 2.9 360, 21.2 l 304 | 6.0 l 30 1 7.8, 422 |
2 370~373~377 35.8 353 20.4 403 25.7 330 5.0 380 ‘ 13.0 [} 465
_Middle storey trees 1 406 5.7 | o' o | szt o7 | oaot| 82 30 | 20.5%) 483!
4 334~339~347 | 40.8 328 1 27.1 357 | 21.8 303 | ’ 2.1 370 8.0,' 428,
T 13 363~379~399 | 32.5 | 354 l 18.8 398 23.1 330 | 1.9 1 373|| 28.2 | 449
Lower storey trees 6 403~411~421 27.5 373 20.2 424 207 335 3.7 astl 277 | 496 |
2 | 441~459~477 | 6.8 6t 3.6 20 = =1 = — 94| 521

SN

AL e

]
=

£ 101 %



R O BIREWZAONIgE (55 140 G — 61 —

MET L ERIREEOBIERICIR X D BEGATBER D OIS L5 IERNA L EVICKE b, Thi
REEOHEE HIRIC BT L D FEWARBERDO LONETETERIADTL B v ELLY
LCwb, it ZOSMEMOKRE EH5EEE H/D AL THIRL T % b Ok BEA#HD R(b)

S ETEARED RD SM6E T, WFhd HD 2R ET L 2hdosfEcECAEBRERLO 0D
EENALEVICIRDPLTHA e HLHBLTWS

Fig. 28 & Table 10 7¢ & TR BRENBO EERATBERSL L ONEBEEROMN Sz T
BB DT DRI, M5O L, HEE, TERE ol SRR OREE O 7o T RO BEHERRER
EBIIWH TS LWIAER Lo L, ook OFRBIER O /5[ ORI S Toks h 7o D IR E(LL T
BZERLBINTND, & OMRE ZOEEREHERDORE iC L 2T 29 hbid LT,
FRENDL AZ LI EDRSAEORE I % L BRTHB L Table 21 LT L5, MEHERRS
FERRE & DIRE DERICH B b

» ) RS=336/fm Rs=347"tm Rs=3534/fm
w00 A
B BREBER OHXME $ i3 & A L Hl4ks =g
£ 3 Geoq _.
<j_\ﬁg’<7-£o’cll‘67§é‘; ;’C@%_ffﬁ@@jﬁ% Y1 5%40 =
2790
JIAHFL L T HCIEPIL 3R E L A FE L :
52 b 40~44~As 50~54 ~58 60~66~71
BbL/VCL\h:L Yo ;Fhro @'ﬂ‘\'lﬁ*@} EH@?’I %% % 0 (%) Rg = 345 %4/fm R5,3e4|<‘/‘m
D o 100 4
2T LICHHORC L D TORG (e $ g B o
- . B O 5 E 0] —
E ZIESEMEE H/D WX ARG E) M - 27 a0
%Sz )
In] 9 T ik ] "~ o 3 ]
SHAUL, TRERDFUIOTA T LR = %% Hp 39~51~59 61~72~9)
@G%@E& RS “?3 Lﬁf‘?ﬁr?&@i} n_./}\‘ﬁ - Q % ,00(%) Rs-374k';/”, Rc,-jepkm Re=419 Ki/fm
LIL—EEEL T B Lt 3HELNTH B ég 801
St g0 —
B, LEAoT, S0k 5 relEiephmis * ;é aof —HLT :
£E 201 SR ]
$ Rs 7 OB O ig8r b = Ty AT T
AT BERR L D 2L TR ORE e T e

IR A3 R 1s3

BHELPECTHE E LIS, ThEHfRo
o ) ) Fig. 41  orfch L EREERO G
BEIOBAEC £ D\ D 2 & 5T ERUTH The external form of stem and the distribution
BRI T 5 2 I X HICH R of the bulk-density.
FLTHEIEDTL B B dbb, 2DX 5 KRBONISELO L L BB O L O IR AL
Loy, DED Fig. 41 O X575,

46. EEREBRES Rs o&(tk

W0 Teh OETREREE RO /5 (AN TR & 35 = 707 5~10 Bl & DB O\ TSR
OEE (RIEZ L ORE JICHEAE DT ZNEFDORERHCOWTIEEL TE 05O EEARRE
¥ Rs & LIk &, ZOEEAHBENRs £ FORERSOME, M4k XLORiiiio tang. (i
FE2.2m OEEd L2.2m A2 58 L OE h 25 d/h % 2 OSTEORIEED tang. & LT
L) I OMRE S L otc, ThT, ZOBBIRENOBSH S L icd &L HBERREER Rs
B FOUEROFINC C BHRTLB & Table 2212 L b X 512, {454 100 4L KT Rs 2N 4
AL CTRIEL T B 2 e R e b, COIIC I\ TR EeplHdR o X REARE X b ol

TEAREO Rs kkirhilch WEBRBEROEA LD L Tw5b ¥l EERETEES 20 4
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Table 22. fi4 & BIMEATREEER » OBIGR
Relation between the standard value of the bulk-density and the years of age.

o "*’ I A N I A SR = S S
. Upper storey Middle storey Lower storey >

5 tree tree | tree

;Yfezgse : ( kg|m? [ N J kglm? ‘ N | kg/m? | N kgm? l N
~2 | 376 : { 17 341 3 w20, | 1| 3 a3l
~40 3470 49 385 ‘ 29 388 | | 46 3710 124
~60 | 343: ‘ 66 1 353 | 39 375 65 357 } 170
~ 80 345: ' 60 3501 1 28 373 | 43 358 ;| 131
~100 343 | 43 o348t 17 369 18 | 350 | 78
~120 350 30 351 i 33
~140 346 | 16 ; 346 16
~160 342 14 ‘ ‘ bo342 14
~180 347 8 | ‘ o4z 8
~200 324 4 | . C 324 4

LT 0#iH % 0 20T OBEAEARIRERIY, Y0 & 3 Rs=340~360 kg/m® 113 & A EEEL Tk

0, BORIC T DERBEROSTEHCEPOEILHOTE 20 X 5 st AR T2 R0 ENER
BN Rs RIS BMRIE DIn D EBL A D L LT W BT D Z LV TE B, WEDHTEINT
WANARE TR L OEESERBERCIMBSIC L D HES BN AL DOENE D, ThEBEL T
Fe ACSTARD SEHEETEBE R A b L DT LRI XD Th e h OFER Fnd it nw o L it b, O
5 i TIEART, EEAREEROET B L 2 Aik 30~80 4 (SEHEL THI 50 ) D4 hi-o
TEY, SEROMBNERTLHELILALDLNS LI, ZONXRBETIRZOHEE TIIWHLS
LWHEER 5 CEBICE EWERSE SO TR Y, BOh O R-GHECOWCTHHE BT H
RO R(k-g) ORI A A L3, DR COTMC IS W TId e h OREXIZDL Tk
9 (Table4. BIR), BOEEABFERNOREZIRVHULLVWEHELHLTWB L HELNT
H5,

DER, HFET ORIERC oW TE OBERTHBEN Rs 2AGEURDIFBIIC S BRTH% &, Table
2B 1L X5 iE 8 m LT Tl FhofERITc s » T lEN E Ficoh Tz & A S TER
Rs DIRDAHELPICH LD BN, Ld ZOFIRICI\ T, [KEO XV LEAREEL D il EOF
TEAED L OARERE Dia Rs D Lo LTW5, BENI8 m & =25 &+ OEERE®
FERIIIRIE Re=2340~360 kg/m® DFEBICHEEL TN A DONLEDBLRBEN, ZOHERL ZhE Tloox
ki, COMRIWL TR EBWRLOTH2T, BEH, BER, BL.OM L oBoEgods
BOFNTHDOIZ L A LETIELSHLTWS R(b) ST HicoTn 5 & X Ldd bRt
Bo LIt oT, BiE 8 m L EOWERSCIV LT ENEROSHZ L CO e h OFBBER DS
HEFHORMLS DI X, ZhbikEDOFFET L ONERSICTAL I AT Rs (gig—L
Twh (R=340~560 kg/m®) $D AL TEL, WL TEED 8 m LITOSHHC T % Rs
FEORECE AL TuH LS LWELE LT LD THS

Z X 5 IIETEARRERER Rs oS L, BIEC W5 E(E, SHEREORSTEL 1 m kX Ol
BEZ LIl CEDEIER D LD THD L, T ORS LEER O —#HICh ST % Rs DFH
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Table 23. HEEROBIFER~ > OBUEAHBEERK
The standard value of the bulk-density grouped by the every
class of tree height about the sample trees.
- | = NI - IR g R
Upper storey Middle storey Lower storey ! i
=i | trees f‘_ﬁ,f,,t}'ﬁeﬁi,i,* - trees ! - -
N | RsChg/m® N | Rs(kg/m) | N | RsChg/md| N | RsChg/m) N
~ 3 429 . 6 465 | 3 | 470 | 6 452 15
~a4 395 | 20 402, 13 431 22 412 55
~5 366 8 391 | 8 . 382 19 O . 3
~ 6 352 21 359 | 10 573 26 33| | 57
~7 } 352 1 T 337 9 373 ‘ 22 60| | 4
~s el ‘ 12 31 10 368 | ‘ 25 358 o
~ 9 } 358 14 352 ‘ 10 361y 30 359 | 54
~10 33 | 20 | 360 11 875 | 16 %2 47
~11 341 1 18 357 6 36 12 39 - 36
~l2 . 33 | 18 347 ! 10 353 16 32 | m
~13 . 347 | 22 352 8 ‘ 348 | 30
~14 3% 18 | 33 6 f 350 24
~15 349 19 | 340 1 345 30
~16 342 19 | 338 14 340 33
~17 343 19 346 2 344 21
~18 351 18 330 349 | 20
~19 34| 22 | ; sae | 22
~20 352 24 | ‘ 352 24
~21 344 | 22 f 344 22
~22 34119 341 19
~23 349 12 : 349 12
23~ 328 10 328 10
s, 352 374 8 | 133 } 30 184 360 691
s mls D REI A5y 2 H L

DLTWDHN, hk I biIchiEs
LICHEL T4 % & Fig. 420 L 51
5.

Ok S L BEeewTs
Rs %L Table 22 & Table 23
L LIclFAs b b5 5 HEE > 2A
bbb ADTHBN, Rs ORfEEH -
& OIEEEIL F OIS LT
O L LTh b, HE 6~8m
F 1L Z OHEE Rs e is b &
A b, REOWETFERED

YEARS OF AGE
Fig. 4
ey ealid

0 20 4 60 €0 100 120 140 160 180 200

2 HEROMS L BEER O bbhD

The standard value of the bulk-density
developed at the every classes of tree height
and years of age about the sample trees.

LONKED L EEREL W ARBBERORIICH 2T, L E0F0 6 kE A, BE6~8m
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T—PF Rz 7o\ UCRITL, B4 & B o iz BT L Tk v, = O Tk F OB RIL
R==340~360 kg/m® IIZIFEEL TWBH I LTI 5.

5. & =

DGR RIRFRC 31T D 1 ¥~ Y M OFREEEROKRE S L OBREER ORI O\ THRE % <
PRI LDT, TRETHHTOWLTH X SIS LT & AR LR OREN e T ge /e Licir 3O
I5HZ it 2TF F=Y RS S bIT L DHHOREREE H & B Lz oMo bW E
DY RHTICI D TERINTVDE LD THEELHELVITSHEEFE, 2OWHUSLLHEDH
BRI S D HRT % & LI XL O CEOMESHIOF R HERSIT L > L LD ThHhD,

—RC AR O B e RO T AR L 2T H LA LWAREL DL, X BB UMK
DENTEFDEFEINDFEC L OTUNFLWATIZ LT D THD Z T TR ILHMbRTWD
EThBH. ZOL S IeHED EWNTOMBOFREBELET IR TWIHLTTHE2L, EFIhbHo0
TEOME, chRnErnX 3 RTFRIDTEREINTWENEWS Z 2 &BERL, 20X 5 EBOR
et b T2 5 L35 2 L SREE R R T % & & OIEKRNARITEIC a0 TL 5. ok 21E, K
DEREERIFI—RBOBEEOL VL RICE VT HIHF 50 B ELOHEEE LD THY, Zhiit
HOHEE LT b0 BT L Z OFREENO 15 Y % L OREOEEL LNCKSTES
MmEWS D, ZOMEHCIWTABRHEY XD o T 5T THh S,

OISR Z DX 5 IeBExleD b & TET,

(A) FRFED b ¥ = Y RIE BT A AEBEROLH I ek dh E LT 5D 0.4 ha O
SEEL LT 68 ARD b K=Y St REMERE L, OB LSO 72K N.S.EW. 047
i 5~10 Fk ¥ DL R ORKRFEOIIBR T 10,813 HOMERA X IER LHEiiTco2 bhTwb 30
(=% 8,085) LA FFaFRL 05 b (EER 2,228) Xichld, ThEIHitaRoNE
R L oTHBIL T, FHEARFICOWTIERRER & 7 FOFER S L i AREEROIGIREC X %
bbbhdte, BOERRDOH Bbhite, BOFMICLEH bbb EbhicL, KEHNDOS
BOWsM:, BT, RS &R BRGIRES bbb T 2 ABBER O LB OM L & 0%E
M OWTHREIL 1o,

(B) BRBEER R IO oW T DML IR 2 RO L bbbt de) & 45WHE
EEROM L R X2, FHEREOEMMEIIE L CABMBEEOL bbb kL ELIIL, &
O I AR & BhobtR o — I < bl SR el OFEBER OIS L b L0, ThZhol &
T OVSEOREMNE BRI L, C OFRBE R OM RN & MR A e U CEES 3 bic &t
FThrlifie LTcLol, Ol ZARRBER O AT 2 DOWMCHIWTL 1o & & DT & 75
BB O RIUER 5 X OMH R & FEBEEROSFEIRMIMIE b 2 HFEMwhik » FREEL OBy
hELMITLI,

(C) 68 AOHERD Symmetric felRIER % > O CTHOKHI EE & SRER DDA TARIED
R O FEEER O (kD N. S. E. W OFA~2I1T 4 i O 3L OABRERIE R DOTL)
%, 40 kglm' B WXL CERBERO —EHH O 0E B LilB Thbb L, kit UAREER
DO HWD T BHFA B LT A THO I h OFRBEER DGR %2 Dz TOHTHRICH BT ]
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LIROEHBEER ORI E 72 VIS TH D, BOFFEDRAIC —E 0 RGO ENIiitns bbh
T %, ZOBFHEEROERN T EL 2505 boik, BEHC RO 218, BEmc R 4
T, ghtitic Rk 5968, & L BOHic Rik-g) 576 S JOBOR & A LATCh
DTN DFHBO S THEAlICH B Tuvb R(b) FfFEETH DT, b OREEERDS
TEEOH S bl (BHTEOH BN BAE, EHTEAL D THREBERORE S KLU
LD HREZ) TN THOUFEUROIMKINCH E BT L, T, Z OHTELd T4k o
BEE oL, b 05T OFERED IR O BB X D Th e E R LB os 1o bl LIt L 2T
EDOXIRERELDL T DAMNICDOLTHRET L.

(D) HEROBHNERT 5~10 4= L 2BF 976 2 OERLERITL, - OlERC LT
FEEROEEMNITTFERICL 28, Zhi\ WL O OBRBHCERILL Zh Zhollrbbhbh Tl b
R ENc b L X 5 L L. b D—HDHLEN L 2 LRICHROBL L OIE2EDL 5 Th
5.

BERBEROD SbAnT:

(1) FEHEBEROS b M3 ROBEINCI BbARTEHD &, R=360kg/m* ZEMWZLToh
X HREVROFHICIXTEARBEOHMZ A BSE <, Thd h/PXWEAREEROERII E, RERE
OHBIRNR BB\ . =D RZ360 kg/m* O8N R.B.=2.0 mm OFET O HIcoTRY, R
360 kg/m® OFIL R.B.X2.0 mm OEHITNOFMICXIE L TWbH D THD (Fig. 3, Fig. 4381R),

2) SIROFEHCERGEER OB & BERFEY L 205 &, ERLERTL LT FoERc
BOTh, REOIMEINTL I ) ERBER OB & 2 0BIERZET-Fh k& o
T< % (Table 2 HIR).

(8) —fic 7 F DAEfIE R=360 kg/m® X H REWFEBEEER OB H b BRERD TeND,
DT FOERDH H A>T < 2 RAAHBEERI IR D X\ EEARED S RO TR 25 ¥
TIZ R=360~400 kg/m® D\ 12 THEWIZ 2 42T { (Fig. 5 R,

(#) BEREIEH LT I E L O 3 20T, LM S LICEBEBEROL b bR
B HLATHRD L, RO ZH L T R=360~400 kg/m® X D REWFERIIHZ bifici b HB o
BERNCH L, TR LR SL E 5 b iR s b iy (Fig. 6 3R,

5) = OWBOERIDI, Elfirf OIS 5 FERBEROTRE < bRTHRD &, HIEHHTIL
R.B.<2.0 mm OEfi ofEHL R=400 kg/m® OERFEEER OMNC, KR Clkss s C4EIRT ol
i% R=320~360 kg/m® OFHFTKIEL, X HICHTEH CIRAEREIC X Y FiRMob bbhd ity b

LAHLWBROLRAREDLNTWAD, BREEEROL LI LI b OBEINC bz A b bl
Ve L3 o TERM AR UTh 2T SIS T 2 ABEERIIGOMAIC L 2T o L i ofefiie
Lol twLDLTCD L DTHD (Fig. 7 &),

(6) HOIPLINDITDH BN T < BEHBMBER OFIFEE L EERZR L B UROEcb 2 w5 L, ©
NS DEFCTI A ELICRAT, BiEMcR/ N s EAN R L DB, AREER O BHERET
HIE b E O X TRIRE 40 kg/m' <HUVICESEL T % (Table 3 ).

R & MR BEBER

(1) SRR & BRI EESAE (BRI i LT OB 0 IR A 1 %, 10 %, 20 %, 30 %
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1B &5 IRRKH R OSBRI 1< 2 B 0T & BB 0 — BRI 0 b 02V T B AREE N
OFEEER DAL T &, BREBEROD S bh7ell - ORI & TR o EE i Izg LT
B L5 IR R BT BT b, F\EIRT TR DR E W HIER O 3SR b AE W7
BEEIASH LI, i o3 CUHKCAERBERO/NS W IHBIEARERC S B Tn T, Bl
DESAFEHRIAEIRT OINCIEATL TR % & A TIIARBER R=320~360 kg/m* oML
HichicoThbbhTL %,

=0 R=320~360 kg/m?® DOEHIERIT R.B.<2.0 mm OHI TIITAMHE S.P.=10~30%C 72D TH:
BN OMRC AL TERL TR Y, ZOFREBEROTAL S b T L MR ORFUTERKT 2
FLMBEEMMEL /DS A BWACEEIL T\ 525, RB.=22.0mm Tk S.P.<30% OHiFH TEMR
MiclEizdHbbh Tt bz ricins (Fig. 14 B3M8), %7, Z® R=320~360 kg/m® o> HITHL
HAROEENCIZ & A X hvb b To\u A%, R2360 kg/m® OB ERT 2 567 UTh>T & THEAR TR
FEREOL DL Y X0 NS CHHROTMCH bR TR0, i CERIN THAUHEDO L0 TH
DT HEEDHER TR TE 2HINED L\ LA TE A H L VEL ABHEAN R LDLID

(Fig. 13 i),

®) SEEh L UHRO —FHIA D  AZ L IARBEROWEEY 4 & DA L AR O%EUM
LlRr 2 B &, Tk 2T RFEARBEOHNC TS X 51T S.P.X15 %0 SRk SR R AT o B ™
il cL» & h, FREBEROBAMEN R.B.=2.0~2.5 mm 1Lt bHbNEM, S.P.=30 % D%Hk
HMRUFHIMHER T LS Eh, S.P.=20~25 % DIl o 2 OO HED 3\ 72 Tt ¥
MR OMEAR N B TE TS ZhbOHIROERSIT b R.B.=2.0~2.5 mm DHRIN
Chtc2TEY, Lid2T, R.B.22.0mm OFH CERBMRICERT  EHef ofghnmc ious U T
BEEOMERL TV 52, RB.<S2.0mm Tk S.P.=20 %0 & O EBICEIRIT OB o\ L T7H#
BEERMRL T\ 5 2%, S.P.X15 %0 b ok Zh & AR oinc o L ORI S AT
LHEAAALDLRTS (Fig. 13 ), co X 5 i@k, TRABTIN L) 2 LD TRY,
L ETREAB T, RB.S2.0mm TIRFTRTOBBRD < Rz UCERAEIRT o BRI AREER
OIEA IS L TR Y, EERBCIST 5 L 5 eAEBER oMo DS bbhh T ey (Fig. 15
B, 20X I B B ROKRE JCBRR e ARAERT L AREER L Ol A b0 &,
HERDOEAC S bbh 2 il & FEEEROMNERE LoT Y R.B.=2.0mm THLLX L
DTkY, ZOWROFERNOEE T LT TRAHED O H, EEREEL ) Shic K& ARE
ERx bz Tw5bD%, RB.=2.0mm TlLrOABBERIISROMINCIZE AL T L1ed b
<, 131F R=340~360 kg/m’ \C&EL CT\5 (Fig. 16 ),

(9 EH O W 212 L D TR IR DM SIC P L TR BIRD A L o b i
TEY, Z OO SHEFROEICH E D2 b b, LaL, FRMCBIfRe T ATBH R
AEBER L OMEY 25 &, ZOHEBOANIIERT O & Z2ILkE L, FERMmALLRbc2h
TLEVRANELY, RB.=2.0mm #Z 252G LAY —BLTWB00AEHHA, Fig. 171CL
BHINB LT S.P.X10~15 % TIHAEIRM AR < 7o 5 & feve UROM I35 AT EERI LRI L
S.P.=(10~15) % TIXEERIIAIL < 705 & 37n UM Ion T 2 AREER DT 2 R A A L o
SRTEY, -ORFEER S.P.=10~15 % TILERT O X X I WiRe 7 0B BEERITIE R=
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320~360 kg/m® IL —EL T\ 5o Z OFKHEOMIE b ¥~ YHIT ORI ITEEL LB LED
fitl (R.B.=2.0~5.0 mm O OFLIE T L OBMRIT S.P.=10~15 I REL TL %%) K4,
R=:320~360 kg/m® OEMEBERIL(T) TORIAERBEER O HBISIC £ 2/ —HL T\ 5.

(o “Efgh (RBD &Rt (S.P.) 2 AREBEH (R) L OWHREEZ3 Lol LTl
(8)T DT RERPEEE ST & SRR OZETH R R 3 X ONDT ORI & Bk 0 SUEIR{IER
Thi Z olE*AREEER (R) OWNCSEFe 2 OFE TR L7 & X i bic>T5% 2 Licls
% (Fig. 19 &),

W _EERE THEROBBCD Dk OERT & BE L BRI L OlifiE < bRTHD LT
ROREE EEAROENC S BT RB.=2.0 mm, BHE S.P.<35% % CREWICERBIERD
REUVIT I ICMICERI L Cds 0, = OFIH TILERID L BB L THh T TEAR? b A bhi
BEHI EEARBED 0 X H T OBEEBEROBIRE L Lit/d (Fig. 20 BH8).

@ BOFRLANDITZ ORI & TR & TREER & OBRE < bATHD &, HEDHO D% D
FTHTTH & B OB R L BB & 0SERTNERMT RB.S1L.0mm T2 D {vbhiio
TWBR, FRMPLL DI ORTLRWIKIELL TE w5 (Fig. 22 ),

039 BRMRICPIRT SEIRH L AEBER & OMGRE L LoD L, HELHEY O BT & B
DRI & BRI R ORI T DIEMLTH D, Eh50 5 e LA SV T E O b0
3 .5<»T RB.22.0 mm TXEOBHMBERIT R=320~340kg/m® 1TI2 & A EEELTWS (Fig.
23 B8,

¢ FTFoERCOWCTERT (RBD 2 FFHHE (D.B) L AREBEHR (R) ofifit b L dThb
&, ZoOEE RB.=2.0mm I LT Rl ioWFA2QEMAC LieoTR D, i, HHEE
BER & T FHRICIIGE AR R LD b5 23, SEiT & ABHRER & OBRILIEEHIZ T
7o b REEANC DT B,

BROBRBEROER (BHEEERO 5AHROEED

(8 BOBERBEROSRS D, —EHI OAREmER ORI RGEe  LERI R e & &
DHNBLDITOEDL 57 b DTHofe (Table 4 B,

BT EAEREICIHTIE DT e R(b) 45k
B . e e e R()

L5 | PP R(c) 7~
BB et e R(k) ~
iR ST - A I o i £ 1 = SO R(k-g) »

6 = ORBEEEROGHEEOSH b b kB UROERIC 2% &, R(b) it b, REREC
X R=321~360 kg/m®, THEARHETIL R=361~400 kg/m® DOFEIICHE b HIIEN 720\, R(E) 5FkE
L EREAR T R=281~320 kg/m®, AR TIE R=361~400 kg/m®, TEARTIL R=401~440 kg/m’ io
12, R(k-g) STAEIE LA T R=361~440 kg/m", HIEARTIL R=361~400 kg/m', TEARET
X R==441~480 kg/m® TENRENRZORMENRS DL TE D, ZD 250 R-5HAEE, KES L
END L L ORBEBER AT 5EME Lo L Twb, Shick WL T Rle) 537k & R(k) 45ikd

SR OIRBREEEFSE Report 5, p. 10. Fig. 5(1~4) S8
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OEFRD D bbb UL,  [EOWRMEIC R < i#E R=361~400 kg/m*, L R=281~
320 kg/m® ITE—FEL T\ 5,

m = OEEBERDO SR OH B s LBV Table 6 Ic Lo L, SRz 0¥
EDEAAD &, NEIVHEIND & ZOGHEOL LN AR _EE (BOMIIHREZ) 2ME k>
TL % b0k R(E) 51E & Rk-g) SO TFRIOMETSH Y, R(D, R(k-g) H5HAEO L & O
R(k), R(c) AEED F, THUI TG EFL Tk h, WEMIEINDIF & D5TRRE OF R LK
By EHICMET 2BERARB NS

19 HREEBEEROESHEORE S (BOkH LB IEER%) RIEEROEHICAS &, R(b) 57
JFE EFIARRET 51.8%, FRIEIREETC 42.6%, THEAREET 33.8%, R(c) i@t RERMC 7.8 %,
PR 6.1%, THARBIZ2.2%TZ D2 205MEINENHNEINSIFEZORE JXFLLT
Va2, R(k-g) 23l Tl BRI 3.9 %, HEARENC 9.8 %, FIEAMIC 24.0 % THEOMES
hicd 0L L AMRL TR Y, RME) 578 & R 57 TRILED BECHRR £0RE S
T T 16~20 %, HH T 19~21 %ITIIFREL TWB L5 Thb, .

19 SRLOSFHFICOVT, ZORKE (LD REIDOLER) 1°bbhbh T 2ERBER
W, R(e) 557k & O 2\ TREDOI g 7 L TRIZ & & h AEFWRIHZ S 22> Tk D, R(c) 4
TR DRI 3 B 5 FFREE R AEARDIFINC $131F R=361~400 kg/m* —EL T\ 5, %
o, ZORBERDZEHLHNTL H5MHIENKRES (%) 2 bRTh, R(k) FHEEDLNTULTE
Ao, EEAREOLO L DR IO REWRED L DZDOHIIR (%) ARELLD>Tw5. L
FehOT, WEAHIE X o D TRARBNKED X FEARED LD L hBCHHE DL DT w5 2
LT BN, D EDTLPT S EEL SO A DL DTGB ) & LTk, ZTDESEOEM (1
XTI E D HIE DI L ARS8 ) WX D ECHEATE T3 tinkd (ZhbDW M TE
BATARORE T TORA L 5 IC RO LRICRARUIZLAL —EBL TV 5),

00 HHFEAME CERBERZ L Obh T 2EFHHEOREZI L OLRTHB L, BLPSWE
HEEE2AS LN TL 53D R SHETH Y, BIRECHEBERN HHHN TS 4D
R(k-g) 4EkET R(b), R(D, R(e) HEEL ORISR L2 Thbhbh T %, ¥, R(k-g)
FIREINE D37 & h K&  TeoTL 2 BRI R=(360~400) kg/m® DFHRT, ZhildTic
BITONR L S IR T 7 h3d b T L BRERND IR D 7o T B ifilic b 7o>C\w 5 (Fig. 29),

@ FHHEFARELEL CEDHHR C L OBFBEERDORE IR LD T LOEDL 5 THhD (Fig. 29
B,

| row

R ’l R() | R(k)

1

| R |

51

: * NP _ t o
Upper storey troes | J407~842~420 300~845~420 260~331~413) 300~852~424) 379~406~445

=
Middle storey trees O00342~380] 332~369~525) 297~313~420[ 300~~388~380| 380~442~504

T il A | 300~358~4201 300~~369~525 277313 _
Lower storey trees | 300368 4201 300~369 525 277~313 420] 300~387~380| 380~442~504

) (1)1 A B B SO RE S R TEb b LC %0 BRIk Sk DRI 52 L fe.
(2) 1 KA R O BB DT Lo T

@ TEBEROSED 5 b TEDOREZFELIREVLOE RD) HfkEThH H (FTiigicnx
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fok 5 ICEDOKRE L LR 51.8%, rhlEAR 42.6%, TFHEAK 33.8%), =® R(b) 55il¥io HHELE
BB R=321~360 kg/m® (24 77 (Table 8, Fig. 29 B8, = DABMBEROMHMIL 1)1z
DRI X 51 R.B.=2.0mm OFHICHIcO>TH D, - OEfFHOHEMA TIRMTORIL HiC S.P.E30
%DFAICILGHBIRE £ 23D T, 20X 5 IEHRICE T M F = YHI BT AEN IO 4
DR S TEBBERCHIe DTS LELbRD,

BORHTERBERORLT 55EE

0 HEAROWRERD 5~10 42 L OERTHIRL i BiE O eh C, FRBERO M M L
XD THBINC b o T BIREN R L bbb, & OAEBBEROH Lisic X 5 HBARD B 0 &

(H B X O TERBERD BSOS D) 206 3B (FREERD B 4 BilichieoThb o
TW5B) ¥ TOEMAEBTH S TEHE Y, Zhbl OB £ F 0 INBIRNEkho 5 %L Ticd
Eh\e 05 B TROHIRD BEHVOIL 1 BOE({L (BREBERD 2 BIche o> TESL D) T
¥ 31.5 %o, HiEEIC X T FREEERD £LU7 0D $ DX 26.0 % 127527 W5
(Table 11 R,

O OB EEC X 2EBBER O BT 5 BRI AT 2 @AKo b, 0 BOBELILE
&~204E, 1BOE{UT 21~40 4, 2EBOE{LIX 41~60 i FhF R & IHBEA 72450 (Table 12
B,

@) DM EEIC X B ARBEROMBANIOELL, HEBEDOI & 2 HICAREERORE DM
Hbbh, HikEE 3 LEGICERMBERD/NS LD h bbb T B (1) 4oL, HEED
IR & 2 ACHRBEERD /NI WEORL bbb EEd 9L LEWICEBRBERORE L0235 5
bhT<s (MHD) $0, BIPZD 220 AEL ThbbNTL B 4D (T IHHH IR 1)
hidbi, Z0) biRIFECH bbb TL 5 DIk 1O B CEBBERD BT 5 T TR
D35BT 67 %It DL MHD & DId>2 5 %ic T E /o

o HEFICEOTERBERD b (0O & EOAMBEROKRE X245 & EMAR
TI% R=321~360 kg/m®, 1, FHEARTIZ R=561~680 kg/m* I FDHBERL BB, DL 5 ko
S — I BERBEROMECRES S S b T B DI, EMARTIXEDRED Mo b
% R(b) 43k, TR TIREREN o HESI iz 222K bhbd Rk-g) HHHICHIDT
Wh Z kitith (Table 15 £8).,

0 H EEC X O CAEBE R BEINCE D L BiX R=360 kg/m® OO & Ok 1 B H OBREEL
KOPHIC 3535 ¢, RZ360 kg/m® @ & DL 2 Bt H O REBEROMINC Bk < feoT w5 (Fig. 36,
37 BiE).

0 HiEENC X O TABBER D b 5 BRI & ORI EER OSBRI R L B~ ARk~
DEF IS HIGOSEHEE H/D O#IITEHILAIL, EROR B2 i@ U CABEBER O BT 5 B
DERVGHDIE H/D ORI ZAHEEL, H/D HRELRDIONTLROCKAEREERD b
HEBIPI L DOICERL TETH D, H/D>100 O CRAMBERIIHI EESCI 2 TES7 8
bicl 7t >T\% (Table 17 £iR).

0 ONEETAENMBRERO b B Y, ZOSHBOMEIC T HHKIAES (%) TloT
&, ZOMENISEEE H/D=70~80 @ & Fi2Hy LF=21~40%D & ZAHIFE b BB, hk D5
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MREL D THPE A DT AHEREEROBE L 2WHILEE (%) Difchn & ZAIEERL kD
Tu+5% (Table 18 &£H8),

8y AWMBERO»HLHLER (%) 1%, ZOER S L OBRIRRO B RL (S O0EC T
B S (%) TLHT) bl h ied WHEET—FHL T3 (Table 19 BR),

6) HEERR T L0 b & D BRI EE R Re WX E 1o, FOHROSENEE H/D 5 —E D
O H bbb TR Y, SEHE HD OREWLDRAEVWABEBER (LA > TEAEES YD
BEENRE D) & 08 L HORDIERGEC /o L TANDEHE DAL 2 5 L E D &MT
b5 (Fig. 39 B,

8) O Ieh L BOTRREBER DML 25 & HEMEROIIE A SEHE H/D AL TRILL
TwbEAbRb b0k R(b) & RE) FFHEETH Y, R(e) H7HEOARBERE H/D kgL,
RO)ZSTFE T, dEARTIE H/D AL, FTHRTRL LAMHIL Tk Y, R(k-g) 457E Tk
hy FEARTE HD AL TCH BB EMARTES ES2 Tl T, CheAREBENDSTHEO
KEE (LB HRY) WOWTHD L, TOREIH H/D AL T2 DX EEARD R(c) 43
Tl & TREARD R(k-g) 3EETH D, H/D WCHIAL T 5D EFARD RO HAHEETH D, 5Eil
Ex ETIOR T EFRTIBRERIC X ) BWEBRBERD DN LNV EDOREZIXEL, R(b) 7
TERICIIBECAREBERO OO LENMRDL, T, TEARTIHELIC X ) BVWARBERD L0
PLIEVIZZDOREZ® EFL R SHEIEVCEREERD O OGEEIEA L T (Table 20,
21, Fig. 41 ZRB),

B COLS R —EOREND, BON LN LOERBERDOBRCHEELSHICZTH D LilhE
BnThh, Lt >T, ohbOMROTEM AT B & 2 ENRD BEIC X 2 FE5], 3o 52 O T,
BHFRO B R, BT OAIE I L LT DAY B EEI NDMBOME LS T S 2 el b E
WIeFERLTLD 5 5bTThb,

89 5~10 FElfik X OFWERICOWT § & DI EHEERBEERIL 100 £LL FOBS Clliz g
FIEAILTEEL TR D, Lo Z ORI Tk, RO Lo BEAREEL ) ilEORN R, TEAE Ik
URIYIEPWEREEROMEEZ Lo L Tl b, EFARBETIINS ~20 FLT 20 2\ T OB
BHERIT Rs=2340~360 g/m® ITZITEEL T\ 5,

8 FIREOIEERHBEN 2 T OMEA O bATHRD &, HE8mE CRBEY ETIco2h
T Rsidiz b A PERHCIRA L TR b, Z ORI TIRRED X v FEAREE X » B0k, FEAR
NE DI WERBERAL LD L TWBD, BIEN8m % 225 & FDOMIE Re=340~360 kg/m® ici3ig
FELTWA,

BY LR O EHEA IR B RO — O BT & SR OB L T4 B &, Rs OIS & O
EERZ OB L T—20 i & L Thbh I h, BE 6~8m ¥ Tz OFET Re-Hilgc 23/ »
£TLD b EERD B TRIAREED RO K EEARE L O ARBERDOKRE I 5 llic > T Rs-ific 72
W BERESRE WA Z OEREE H=(6~8) m icle s &, B L BEOTEICIR L A LFFL TS
5 X 5iesd (Fig. 42 B,

8 FIEE O BIERREERILBHREOAN d/h=61~100 OH\WETILEDORE SITHAL Tk
L2 d oM CIRBEOIME S hic b D i WERBER OEX LS LT\ 5.
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Forest-biological Studies on Wood Quality (Report 14)
On the dimension of bulk-density of wood and its

distribution in the stem of Todo-fir

Takeshi Kano

(Résumé)

In this report we described the results of the observation about the value of
the bulk-density and its distribution in the stem of Todo-fir (Abies Mayriana MiYABE
et Kupo) grown in the virgin forest of Hokkaido. In connection with the appearanc
of the width of annual rings, summer-wood percentage, and their constructions des-
cribed in our former reports, further study was desired to ascertain what dimensions
of bulk-density the rings at each place of standing trees consist of, and to find
methods of a systematic classification of the wood quality from the characteristic
significance as applying to the relation between the bulk-density of wood and the
construction of the ring-breadth. It has often been noticed that the wood qualities
are individually different not only among the same specimens but also on each place
at the same stem of standing trees. As this variation on wood quality reduces the
reliability of wood materials, it is a fundamental problem in the utilization of the
materials that we recognize the region of their variations, and the factors that
influence them. For example, the variations of the bulk-density of wood in the
same specimens amount to over 50%, so we shall be able to raise the reliability of
the materials if we can classify the variations of the bulk-density within a stabilized
range of it.

In this study, the matters described as follows were the subjects of investigation.

(A) In order to observe the developing frequency of the bulk-density on the
stem of Todo-fir, the sample trees were selected by clear-cutting the sample-plot
(0.4 ha.) in a large experimental virgin forest of Todo-fir at Atsuta district in Hok-
kaido. The number of sample trees was 68, the disks used for measuring were
prepared at intervals of 2w each from the ground height, and the test pieces pre-
pared in 4 directions (N, S, E, W) were at the intervals of 5—10 rings each on the
disks, amounting to 1,083 pieces in all. They were divided into two groups——the one
consisting of normal annual rings amounting to 8,085 pieces, and the other consisting
of rings of compression wood. In our investigation of these two groups, we studied
the developing frequency on the bulk-density of wood by means of grouping their
growth conditions and the parts of this stem in the standing trees. And further, the
range of the bulk-density developing in the stem of standing trees and its stability
were examined and compared for characteristic tendencies as to their developing
frequency, the mathematical mean, and the probable errors, as revealed in a com-
parison with those of other groups.

(B) The standard ranges of ring-breadth and summer-wood percentage when

grouped at intervals of 0.5mm each of ring-breadth and of 5% each of summer-
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wood percentage, were calculated the mean of the bulk-density of wood belonging
to each of them in every range. After the stabilization of variations of bulk-density
in each range of ring-breadth and summer-wood percentage were confirmed, the
value of the bulk-density was shown as the curved surface that transforms on both
axes of ring-breadth and summer-wood percentage. The curves of two groups were
found as the cross sections when the curved surface cutting by the two planes
parallel to the axes of bulk-density. The one of these sections shows the relation
between ring-breadth and the bulk-density at the same summer-wood per cent, and
the other shows the relation between summer-wood per cent and the bulk-density at
the same width of annual rings.

(C) We then recorded the distributions of the mean values of bulk-density in
each part of stem on the symmetrical diagrams that were drawn for the stems of
68 sample trees. Marking these distributions on the bulk-density of wood at intervals
of the regions R=40 kg/m?® each for every stem of sample tree, we can recognize the
characteristic distributions on the bulk-density somewhat as those of their own
dimensions of the bulk-density at the definite parts of stem. These characteristic
distributions of bulk-density are the definite parts of stem, called* “Raumgewichtzonen”’
by E. VorkerT, develop in the form of layers. For example, the layers of the bulk-
density of R(f) develop at the foot of stems, the layers of R(c) at the parts of stem
with tree crown, the layers of R(k) in the heart of stem, the layers of R(k—g)
in the heart of the bottom of stem, and the layers of R(b) are spread over
irregularly among these distributing layers. Here we were studying to ascer-
tain the position on which these distributing layers were developing, the percentages
which were proportional to the whole volume of the stems, and the dimension of
bulk-density shown in these layers at each and every individual sample tree. So
also we were inquiring about the variations of these layers influenced by the process
of growing conditions and the appearance in the stem of standing trees.

(D) In addition we gathered together the diagramatic distributions of the bulk-
density on the parts of 976 growth-rings, divided at intervals of 5—10 rings each
from the diagrams of stem analysis, and the several groups of these diagrams were
shown as the characteristic types, which the distribution of the bulk-density were
changing vertically on these growth-rings, and seeking to connect statistically the
appearance of these groups with the growing conditions and the external form of
the stem of standing trees.

The outline of the results considered from these observation are grouped as
follows:

Appearance of the developing frequency on the bulk-density of wood.

(1) Comparing the value of developing frequency on the bulk-density of wood
among the groups of the storied trees, it is higher in the lower storey trees than
in the middle or upper storeys on the region of the bulk-density R=360 kg/m?, but
on the region of R=360 kg/m’ it is higher in the upper storeys than in the middle
or lower storeys. And so the region of R=360 kg/m?® corresponds to the range of ring-
breadth R.B.X<2.0 mm, and the region R=<360 kg/m® to the range of R.B.=2.0mm as
shown in Fig. 3 and Fig. 4.

(2) The less increment the sample trees have, the higher is the value of bulk-
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density on the mathematical mean and its probable errors, calculated at each group
of storied trees, either normal or compression wood. These are shown in Table 2.

(3) Generally speaking, the developing frequency on the bulk-density of comp-
ression wood is higher at the region of the bulk-density R=(360~400)kg/m*, and this
limiting value of the bulk-density gradually increases from the region of R=360 kg/m®
to the region of R=400 kg/m®, as shown in Fig. 5, when the frequency at the group
of the upper storey trees are coming to that of the lower storeys.

(4) Dividing the stem of standing trees into three parts—the part of stem with
tree crown, the part of stem with clear length under tree crown, and the bottom
part of stem—the region of the bulk-density R=360~400 kg/m® is more frequent in
the bottom part than in the part of stem with tree crown, and the clear length
under tree crown, as shown in Fig. 6.

(5) Inquiring into the region of the bulk-density that corresponds to the range
of ring-breadth in each part of stem, we find that the region of the bulk-density
R=400 kg/m* corresponds to the range of ring-breadth R.B.<2.0mm in the bottom
part of stem and the same range of ring-breadth to the region of R=(320~360)kg/m?
in the clear length under tree crown; but the appearance of the developing fre-
quency on the bulk-density corresponding to the distinct difference on that of ring-
breadth is almost unobservable in the part of stem with crown. Therefore, even if
the ring-breadth is the same, there can be a corresponding on the different parts
of the stem with a different value on the bulk-density.

(6) Both of the values on the arithmetical mean and its probable error as
regards the bulk-density calculated for each part of stem at every group of the
storied trees are observed to be maximum in the bottom part of stem and the mi-
nimum in the part of stem with tree crown. And the values of this probable error
are considerably stable in the range of ¢=40 kg/m® except in the bottom part.

Relation between the bulk-density of wood and the construction of annual rings.

.7) Drawing the equal developing curves of the frequency on the summer-wood
percentage, such as 1%, 10%, 20% and 30% at each range of ring-breadth, and mar-
king with the mean values of the bulk-density of wood corresponding to each region
of ring-breadth and summer-wood percentage on the part included by the group of
these curves, there can be observed the radial distribution of bulk-density to the
developing curves on both the ring-breadth and summer-wood percentage. For in-
stance, the maximum value of bulk-density appears in the range of the minimum
value on ring-breadth and the maximum on summer-wood percentage, and the de-
veloping region on the values of bulk-density decreases intermittently toward the
radial direction to the region included by these curves, but the region of the bulk-
density R==320~360 kg/m*® spreads over where the equal developing curves of fre-
quency on the summer-wood percent come to be parallel to the axes of ring-breadth
as shown in Fig. 2. The region of the bulk-density R=320~360 kg/m® among the
range of the ring-breadth R.B.£2.0 mm extends over in the range of summer-wood
percent S.P.=10~30% proportional to that of the ring-breadth, so the limiting value
of the summer-wood percent, where the region of this bulk-density appeared,
diminishes proportional to the decreases on the value of ring-breadth, but in the

range of ring-breadth R.B.=20mm it is considerably stable in the range of the
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summer-wood percent S.P.<30%, and bears no relation with the value of ring-breadth.
The region on which the bulk-density R=320~360 kg/m* develops, is markedly stable
among the groups of storied trees, but in the region of the bulk-density R=360 kg/m?
the range of summer-wood percent in the lower storey trees is less than that of the
upper storeys, in spite of the same value of ring-breadth.

Therefore, irrespective of the same ring-breadth and the same summer-wood per-
centage, the bulk-density in lower storey trees is bigger than that in upper storeys.

(8) Inquiring now into some groups of curves showing the relation between
ring-breadth and bulk-density at every summer-wood percentage, we have to notice
that the groups in the range of summer-wood percent S.P.<15% appear to be convex
to the axis of ring-breadth, and that the maximum value of bulk-density appears in
the range of ring-breadth R.B.=2.0~2.5mm, but the groups in the range of summer-
wood percent S.P.=30% appear to be concave, and the other groups between 20~25
% of summer-wood percent appear to be partially convex and partially concave.

Since the transforming point of these curves appears almost in the range of
ring-breadth R.B.=2.0~2.5mm, the value of the bulk-density in the range of the
ring-breadth R.B.=2.0 mm decreases according to the increase of ring-breadth without
the influence of summer-wood percentage, and in the range of the ring-breadth
R.B.=2.0mm it likewise decreases under the range of the summer-wood percent
S.P.=20 %, but increases proportional to the ring-breadth under the range of the
summer-wood percent S.P.<15%. These are shown in Fig. 14. Such tendencies
occur particularly in the middle or lower storey trees as shown in Fig. 13; for
instance, in the case of the lower storeys the increases of ring-breadth in the range
of R.B.£2.0 mm correspond to the decreases of bulk-density without influence of
summer-wood percent. Therefore, these groups of curves obtained at every storied
tree as the relation between the ring-breadth and the bulk-density are observed to
be intersecting at the range of R.B.=2.0 mm, and on both sides of this intersection
point showing the value of bulk-density in lower storeys we see constantly higher
values than those of middle or upper storeys, but in this intersection point, co-
rresponding to the range of ring-breadth R.B.=2.0 mm, the values of the bulk-density
are almost stable in the region of the bulk-density R=340~360 kg/m"® without influence
of these storeys.

(9) The values of bulk-density at every range of ring-breadth are observed as
an almost linear process proportional to the value of summer-wood percentage, and
the tangent of this line is markedly stable among the groups of the storied trees,
but evaluating the relation between bulk-density and summer-wood percentage
averaged on every range of ring-breadth, it gradually decreases according to the
increases of ring-breadth and is remarkably stable beyond the range of ring-breadth
R.B.=2.0mm. As shown in Fig. 17, these can be observed to confirm that the in-
creases on the value of ring-breadth at every equal range of summer-wood percent
correspond to the increases of bulk-density in the range of summer-wood percent
S.P.<(10~15)% and to the decreases of it in the range of S.P.=(10~15)%, so the limi-
ting value of the summer-wood percent S.P.=10~15% is markedly stable without
influence of the value of ring-breadth. This range on the summer-wood percent

corresponds to the region where the developing frequency on summer-wood percent
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at the range of the ring-breadth R.B.=2.0~5.0 mm comes to be stable, as shown in
Fig. 5 and described in the former report*, and the region of the bulk-density R=
320~360 kg/m® coincides with the region as described in the Clause (421.3a).

(10) Showing the values of bulk-density as the curved surface transforming on
both axis of ring-breadth and summer-wood percentage, the groups of curves showing
the relations between bulk-density and ring-breadth at every summer-wood percen-
tage, as described in the Clause (421.b) and the relations between summer-wood
percent and bulk-density at every ring-breadth, as described in the Clause (421.c)
are recognized as the cross-section that appears in the case of cutting this curved
surface by two planes parallel to the axis of bulk-density.

(11) Comparing this curved surface among the groups of storied trees. the one
given in the lower storey trees is partially more convex towards the direction of
increasing the bulk-density than the other in the upper storeys on the range of ring-
breadth R.B.<2.0 mm and the summer-wood percent S.P.<35 %. So in this range of
ring-breadth and summer-wood percentage we find the value of bulk-density higher
on the test pieces sampled in the lower storey trees than that in the upper storeys.

(12) Comparing now the relation between bulk-density, ring-breadth and summer-
wood percentage among the parts of stem, the linear process showing the relations
between bulk-density and summer-wood percent at every equal ring-breadth differ
from each other in the parts of stem with crown or the clear length under tree
crown in the range of ring-breadth R.B.<1.0mwm, but come gradually near each
other according to the increase in ring-breadth.

(13) The relations between ring-breadth and bulk-density get near regardless of
the values of summer-wood percentage on both the part of stem with crown and on
the clear length under tree crown excepting the bottom part of stem, and in the
group of the upper storey trees, the bulk-density in the range of ring-breadth R.B.
=2.0mm are stable to the region of R=320~340 kg/m® even including the bottom
part of stem. These are shown in Fig. 9.

(14) The curved surface showing the relation between bulk-density, ring-breadth
and summer-wood percentage for the compression wood has a different inclination
to the axis of bulk-density bounded by the limiting range of ring-breadth R.B.=2.0
mm. In these curved surfaces the bulk-density is observed to be proportional to the
summer-wood percentage, but the relations between ring-breadth and bulk-density
are considerably irregular compared with the normal wood.

The characteristic properties on the diagramatic distribution of bulk-density of
wood.

(15) On the diagramatic distribution of bulk-density in the stem of standing
trees are observed the characteristic distributions developing in the form of layers
at the definite parts of stem. These are as follows:

the distribution layer of R(f) that develops in the part of the foot of stem

the distribution layer of R(c) that develops in the part of stem with crown

the distribution layer of R(k) that develops in the part of the heart of stem

the distribution layer of R(k—g) that develops in the part of the heart at the

* Forest-biological studies on the wood quality. p. 10, Report 5. 1953.
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bottom of stem

the distribution layer of R(b) that develops in all parts of the stem irregularly.

(16) Considering the region of bulk-density in which these distribution layers
appear in the groups of storied trees, the distribution layers of R(b) are frequent
in the region of bulk-density R=320~360 kg/m® at the groups of upper and middle
storey trees, but are infrequent in the region of bulk-density R=360~400 kg/m*® at
the group of lower storey trees. The distribution layers of R(f) are frequent in the
region of R=281~300 kg/m?® for the upper, R=361~400 kg/m* for the middle and R=
401~440 kg/m® for the lower storey groups, and the layers of R(k—g) in R=361~400
kg/m® for the upper, R=361~400 kg/m* for the middle and R=441~480 kg/m® for the
lower storeys, so both these layers of R(f) and R(k—g) seem to be more frequent in
high value of bulk-density, the less the growth of the sample trees is; but on the
contrary, the region where the two layers of R(¢c) and R(k) frequent, are found to
be noticeably stable in such a way that the former occurs in the region of R=361~400
kg/m® and the latter in R==281~320 kg/m®.

(17) The developing parts of these layers are different in the direction of tree
height; they decrease at the position of the upper side of R(f) and at both sides of
upper and under of R(f) and R(k—g), but increase at the position of the upper side
of R(f), R(k—g) and at both upper and under of R(k), R(c) when they are shown as
the relative values to the height of tree, so it can be seen that the distribution of
these layers develops upwards when the growth of trees comes to be inferior.

(18) When the bulk dimension at which the distribution of each layer takes
place in the stem of trees is shown as the relative value to the whole volume of
each stem, the dimension of the layer of R(b) amounts to 51.8 % for the upper, 42.6
% for the middle, and 33.8 % for the lower storey trees. The dimension of R(c)
amounts to 7.8 % for the upper, 6.1 % for the middle, and 2.2 % for the lower storey
trees, so the dimensions of these latter two on both R(b) and R(c) decrease when
the growth of trees is inferior, but on the contrary the dimension of R(k—g) in-
creases when it is dominant, and amounts to 3.9 % for the upper, 9.8% for the middle,
and 24.0 % for the lower storey trees, and the dimension of the layers on both R(f)
and R(k) are particularly stable, and uninfluenced by the growth of trees as the
former amounts to the range of about 16~20 %, the latter to about 19~21 %.

(19) The region in which the developing of bulk-density appears on the largest
dimension almost turns into the direction of increasing the value of bulk-density,

but on the layer of R(c) they are stable in the region of R=361~400 kg/m® at every
storey of each tree.

Observation of the dimension of these layers as developed in every class of the
bulk-density shows that the distributing range at the lower storey trees is more
frequent at higher classes of bulk-density than at the middle or upper storey except
the layers of R(k). So it can be generally assumed that the weighty wood is more
frequently produced on the lower storey trees in which the growth is suppressed
than on the middle or upper storeys in which the growth is dominant, but it is not
equally spread over for all parts of the stem; in fact it occurs only at definite parts
of the stem as, for example, the foot of stem, the bottom of stem, and so on.

(20) Coming now to the bulk dimension of the distribution layers developed at
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every region of bulk-density, the least value of it develops on the layer of R(k), the
biggest on that of R(k—g)and the values on the layers of R(b), R(f) and R(c) range
between the least and the biggest. Development of the layer of R(k—g) is more
frequent in the region of the bulk-density R=360~400 kg/m® than that of other layers,
and it corresponds to the region in which the compression wood comes to be preva-
lent as shown in Fig. 29.

(21) The bulk dimension of the layer of R(b) is the biggest among ail kinds of
these layers—it amounts to 51.8 % for the upper, 42.6 % for the middle, and 33.8%
for the lower storey of trees, as described in the Clause (432. b)—and the distribution
layers of R(b) develop most frequently in the region of the bulk-density R=321~360
kg/m®, as shown in Table 8 and Fig. 29, and this region of bulk-density corresponds
to the range of ring-breadth R.B.=2.0 mm as described in the Clause (421.a). Then
they are spread over broadly in the range of summer-wood percent S.P.£<30% as
described in the Clause (421.a). When considered with the above facts in mind,
these regions seem to correspond to that of bulk-density as regards the standard
value on the stem of normal grown trees of Todo-fir (Abies sp.).

The characteristic types on the distribution of the bulk-density.

(22) Gathering together the diagramatic distribution of the bulk-density on the
parts of growth-rings at every interval of 5~10 rings, we can observe the vertical
distribution that is transforming intermittently 'in the direction of the height of
trees. Showing them at every 40 kg/m" interval, the number of these steps on which
the value of bulk-density vertically transforms, comes up to six steps that extend
over seven classes on the values of bulk-density, but it is generally frequent from
the zero step, distributing equally through the height of tree to three steps, and
then the frequencies of the distribution developing over three steps only develop
below about 5% of all distributions. Among these distributions the frequency on
that of one step that extends over two classes on the values of bulk-density, is de-
veloped to 31.5 % and that of zero step to 26.0 % of all of them, as showr in Table 11.

(23) The number of these steps seem to be proportional to the tree age; for
instance, the distributions on zero steps seem to be most frequent in the range of
below 20 years of age, those on one step in the range of 21~40years of age, and
those on two steps in the range of 41~60 years of age, as shown in Table 12.

(24) On these distributions of bulk-density, there can be seen some types such
as the I type, in which the values of bulk-density are inclined to decrease in the
direction of increase of tree height, in the II type they are inclined to increase in
the direction of increase of tree height, and in the 1. Il type or the II. I type
they are partially complex on the distribution of the I and the IT type. Among
these types, the distribution on the I type is most frequently developed and amo-

unts to 67 % of all kinds, but the distribution on the II type is seldom developed
and amounts to only 5% of all.

(25) As regards the distribution on zero step that develops on an almost constant
value of bulk-density through all parts of the layer and influenced in no way by
the tree height, the value of bulk-density is frequent in the range of R=321~360
kg/m® for the upper, and R=561~680 kg/m® for the middle or lower storey trees.

Therefore it develops mostly in the distribution layer of R(b) shown as equal con-
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struction of bulk-density on all parts of the stem, within the period of dominant
growth, but in the middle or lower storeys it develops chiefly on the layer of
R(k—g) shown as the same equal construction within the period of suppressed
growth, as verified in Table 15.

(26) When the values of bulk-density are changing over with the height of
trees, they are frequent in the region of bulk-density R=360 kg/m* for the first step
of this distribution, and are frequent in the region of bulk-density R=360 kg/m® for
the second step, as shown in Fig. 36 and Fig. 37.

(27) The number of these steps vary so much as to be almost in inverse pro-
portion to the degree of full-body at each stem shown as H/D, in which H represents
the height of trees (m) and D the breast height diameter (¢m). So for all storeys
of trees, the larger the ratio of H/D is, the less numerous these steps are, and it
will be found that the distribution on the values of bulk-density comes to be almost
constant beyond the range of H/D>100, as shown in Table 17.

(28) As to the transforming position on which the distribution of bulk-density
varies vertically among the layers of the same growth-rings as the relative value
corresponding to the height of trees of the same ages, it most frequently appears
at the relative height H=21~40 % when the degree of full-body comes to H/D=70~
80, and this position shown as relative height seems to go down whenever the ratio
increases or decreases.

(29) There is a distinctive correlation between these positions and the trans-
forming points on the forming curve of stem at every year of age as shown in Table
19.

(30) The standard bulk-density obtained from every sample tree appears in some
definite region proportional to the degree of full-body H/D as shown in Fig. 39, and
it serves the very useful purpose of resisting the external force loaded on stems
such as that of wind force. It is seen that the stems having a large ratio of H/D
correspond to the stems producing the weighty wood that is stronger per unit vo-
lume, as shown in Fig. 39.

(31) As to the relation between the external form of stem and the distribution
of bulk-density, the values of bulk-density increase proportionally to the ratio of
H/D among the distribution layers of R(b) and R(f), but are in inverse proportion
among the layers of R(c¢), and then on the layers of R(k) they are proportional for
the upper and middle storey but are in inverse proportion for the lower storey. On
the layer of R(k—g) they are proportional for the middle and lower storey but are
not distinctly so for the upper storey. Then to the bulk-dimension of these developing
layers shown as the relative value to the whole volume of each stem, it is propor-
tional to the ratio of H/D for the layer of R{c) at the upper storey and the layer of
R(k—g) at the lower storey, but is inverse proportional for the layer of R(b)at the
upper storey. So we may conclude that the larger value the ratio of H/D becomes,
the more the weighty wood is enlarged in the part of stem with crown and the less
volume the weighty wood represents on the layer of R(b) for the upper storey, but
the more the weighty wood is enlarged in the part of bottom, the less volume the
weighty wood represents on the layer of R(f) for the lower storey trees. These are
shown in Table 20, 21, and Fig. 41.



RAMHEOFEREDZFRIDITE EE14H  Onid — 8l —

(32) According to the results above mentioned, it is clear that the distribution
of bulk-density in the part of stem is influenced by the external form of this stem,
so the factors obtained as the external appearance of stem such as the increment
of the sample trees, the degree of full-body, the transforming point on the forming
curve of stem, the position of clear length under tree crown etc., should be useful
in deriving some effective methods to determine the wood qualities for the materials
produced at the same stand of forest.

Standard bulk-density of wood.

(33) The values of standard bulk-density on every growth layer at intervals of
5~10 rings each seem to be inverse proportional to the age of trees below about 100
years of age, and in this region they are a little larger in the middle and lower
storeys than in the upper, but they tend to be noticeably stable to the region of R=340
~360kg/m® when the tree is over 20 years of age.

(34) The values of the standard bulk-density obtained at every growth layer
linearly decrease in accordance with the increase of tree height at every layer when
it is below 8 m high, and in this range they are a little larger for the middle and
lower storey than for the upper storey, but they become considerably stable to the
region of R=340~360 kg/m® when it is over 8 m high.

(35) The value of standard bulk-density averaged at every definite range of
height and age of tree on each layer is shown as the curved surface to both axes
of them, and the inclination of this curved surface to the axis of bulk-density is
very steep when the height of tree is below 6~8m, but the surface obtained at the
lower storey is situated in the direction of increasing the bulk-density over that of
the upper storey. Under this range its inclination is more steep in the lower storey
than in the upper, but over this range it comes to be parallel to the plane of age
and height of tree, as shown in Fig. 42.

(36) The values of standard bulk-density obtained at every growth layer are
proportional to the tangent of the forming curves of stem, and a little larger in the
lower storey than in. the middle or upper storey when the range of this tangent is
d/h==61~160, in which h represents the height of trees above 2.2 m, and d the diameter
on 2.2m high.
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No. 44 Age: 72 Height: 7.4m
B.H.D.: 10cm Clear length: 6.2 m

Rs=411 "%

0O 8 6 4 2 0 2 4 6 8 10
No. 48 Age: 106 Height: 10.8m
B.H.D.: 16 cm Clear length: 4.5 m

0f  No66 Rs=349"%
,

107 ¥
No45 Rs=365 "%a

o N b O

T+ —cm
6 4 2 0 2 4 &
No. 45 Age: 72 Height: 8.4m
B.H.D.: 11¢m  Clear length: 5.1m

4T No S5
12 Rs =370"%

No. 51 Age: 96 Height: 11.3m
B.H.D.: 19¢m Clear length: 4.2m

No. 66 Age: 80 Height: 8.8m
B.H.D.: 11¢m  Clear length: 2.8 m

[+

No.68 Rs=42 "

o n O

cm

No. 68 Age: 45 Height: 5.8m
B.H.D.: 8¢m Clear length: 3.0m

No. 67 Age: 43 Height: 6.5m
B.H.D.: 10cm Clear length: 3.6 m





