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Tablel.  F~y#HOFHERNMGEE (@)
Average values of volumetric shrinkage (a,) of Todo-fir.

B PEAAR | M oE K w» )
e B K : o pa——
Sample tree Number of | Number of | i "l F ERCR T
p sample tree | measurement Range Average Standard
g g deviation
R B & ﬂ: A 68 6,097 1~21 9.7 2. 56
Natural forest tree
= ok
AT ROK 3 331 4~15 8.8 0.52
Artificial forest tree

** 213 i Report13.

* LA W. A KMRFRIFRE ORGERER (AFAMES « ML HEOMES, 1962,4) itk b, 2o
FHFECHERFV T & 727 74 (Compression wood) &\ %, ZOTEIIHD S,
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Table 2. PEE~OHPMAREO FEARIEE () To TNBOREESOBRIHEERD

Average values of volumetric shrinkage (a,) SEHgffEiv:  Table 2 i L®dF X 51z
of each storey trees.
berh e FRERAROIEICKE S % A
LA N =R “”“?@F# iW7sRFl e bl 2 THD, Fhbik
Number of Hitr A

Tree classes measurement Av)erage gg?gg;ﬁ KL X I~0FRTZROHFICH 5.
B K MHMTEE LI L F= v kAo

Upper storey trees 3, 482 10.1 2.46 ke o g ]
: B HFBARROFRURKER D L 21T
I\q/]ﬁdd{é§ stoﬁy trgjes 1,047 9.6 2.61 DKE S, HBARDIETS BLLK
T B A B © | 568 9 2. 60 LN, TDOEIRRE

B , .1 .

Lower storey trees b~y HOR/MES LT TRA
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Difference of frequency diagrams of volumetric
shrinkage between trees standing at southern

slope, northern slope and ridge.

trees standing on southern slope, northern
slope and ridge in sample forest stand.

Table 3.  ARMESUHAABROFHARBGEE (¢,)

Average values of volumetric shrinkage (a,) of

TWb, TS AERBINGERIT R . a (%)
Tabled D 51 b biLE e RosTHE | B = XK v )

PEDEBRL . ’ Forest stand Number Oft %ﬁgjfﬁj g?atfc{li%
MRS AL T 5 Bhal AR BE1310. 2% measuremen verage | deviation
DEKIEZ , dbgs D #%

RAEZLDL, I L Eh S outhern slope 3, 149 10.2 2.82
BEEAARRII X b 1Eig &/ hal . po

| = ]
Hobhs, Northern slope 2,543 9.2 2.28

ZOfFEmZ, RIETHEE Lo Ridge s 05 9.2 258
AFOHEBIAE XIZE>T e

Table 4.  BEfE~D » ST PE N OHHAARE O FHERIMEE
Average values of volumetric shrinkage of each
storey trees at each forest stand.
Wole £ ® %« ®m | & B & ® | T B £ B
Tree Upper storey trees Middle storey trees Lower storey trees
classe:

By M = M O —~ rene s . _
L W= B i) w0 S B e mem | B € Mlaee ) meme
SEAHE of Avera Standard of of

) ge _|Average | Standard _|Average|Standard
Forest \ [ measure- ™ (%) |deviation | MEASUre (3| deviation| TEASUre (53" deviation

M OoA M|

Southern 1,919 10.5 2.15 586 10.2 2.40 644 9.4 2.32

slope

d & m

Northern 1, 563 9.6 2.62 354 8.5 2.47 626 8.8 2.59

slope
Ridge% — — — 107 10.1 2.29 298 8.9 2,37
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Table 5. LA ARDHIE « BT « HIBEHEE~ >
FARBGEE (ay)
Average values of volumetric shrinkage (a,)

of respective part of stem with crown,
with clear length and at bottom.

peat kop g | WER @ ()
Part of stem N£$23¥e?f FilfiEs ﬁﬁﬁﬁl
ment Average | deviation
W*iith ;’;e a;Hl eni[i:h 2,614 10.0 2.52
%Afgiottim%ﬁ 1,041 9.8 1.95
ﬁfwlﬁ Cﬁwfﬁ 2, 442 9.4 2.78

O #H k&
BIRNIC BT EBOEIC & L >
T, FDPFORBPFERORESIENLTS
T AT ThELMIILRED LN,
T, AN D ZBO SN h D,
BEOEHS L HTOMSE X CBED LD
D 3 oOMECENL T GBS, #T
M3 X OBIEM & &5, F O HBER S &
T & % skedT, Fig.5 X - Table5 i
LT, ThOHORBNTE B HBERS X
PREVEBILTHLLNTWER, ThTEH
R clear length O FIZHEAMESL HE
oA, FTRTHELISERRDEE L
ILFAELTV 5,
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IR IER 2 LT, DhICKITFOsNTAEHE Difference of frequency diagrams of volumetric

. - . N shrinkage between parts of stem with crown,
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Table. 6 PEARDERERE T/ IF/ENHEICE T B85 « HF -
HOBS A R D AR MR
Average values of volumetric shrinkage of respective part of

stem with crown, with clear length and at bottom of
each storey trees or at each forest stand.

3 T M % H g M i o8 M R
With clear length At bottom With crown
A g P et tezs o | 1 5 P S B 4 L e [ S
R e B s | T2 B e maeme | T 2 Blarnors) e
of of of
2 _|Average Standard Average| Standard Average| Standard
Trec clas: \\ [measure| (%) | deviation|measiT® | (g5)" | deviation| EASUre (7)™ deviation
st stand
B O R
Upper storey | 1, 484 10.3 2.37 448 10.2 1.89 1, 550 9.8 2.58
trees
R K B
Middle storey 368 10.3 2.27 192 9.5 2.01 487 9.1 2.82
trees
T B A #
Lower storey 762 9.2 2.59 401 9.5 1.83 405 8.4 2.57
trees

B A 1, 406 10. 5

Southern 2.20 506 10. 1 1.99 1, 237 9.9 2.51
slope '
d & m
Northern 1,060 9.5 2.68 402 9.3 1.77 1,081 9.0 2.80
slope

ke

(]
Ridge 148 9.0 2.57 133 10.0 1.52 124 8.5 2.52
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Difference of frequency diagrams of volumetric T Ao & n able 8 @
shrinkage between sapwood and heartwood. 5CHoT, FT_TORESIM> Lo
Table 7.} F=o#Dil « DM ROFEERIMER (00)
Average values of volumetric shrinkage (a,) of Todo-fir at
sap- and heartwood respectively.
24
g B K moen M| | oE K o G0
=
Sample tree N Sap- or Number of ﬁAﬁif E oy *’”Séén d{ﬁ‘dE
eart wood measurement verage deviation
p] 7
K MR £ MK Sapwood 1, 260 10. 6 2.23
Natural forest tree llﬁ eartwooziM 4,837 9.5 .60
iz 7%
AT B M A Sapwood 129 9.3 0.44
Artificial forest tree L # -
Heartwood 202 8.5 0.54

* % 13 #f Report 13.
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Table 8. 31 « b= > PR RRIRMEE O HBE
Comparative values of average volumetric shrinkage of sap- and
heartwood on several tree species.

Hf & L # ] "

Tree species Sapwood Heartwood
k F = v Abies Mayriana* 100 112
A+ v — 7 = v Pinus strobus 100 111
k Fo= v Abies Mayriana 100 109
7 4 = v Larix Gmelini 100 109
vy h 5=  Larix leptolepis 100 105
= v = > Picea jezoensis 112 100
F v =2 b kb Picea excelsa 114 100
F v Populus Maximowiczii 123 100
¥ 3 & % Fraxinus mandshurica ’ 131 ’ 100

* KR4 b F< v Natural forest tree.
b _TATEMA (3 13 #f), Others are all artificial forest tree (Report 13).

BRELDTLEENESHVES>TH S, B« LHRONHEROBEED XM L iVE, —RCIMLOM X
DHREVIKERZLDT LV THEHM D T L ARV, IO RESTHFLIDL 5L
Beid, BELROMOEhEKOBKE L TOER L, REMAOMEL D .5 <D T, BiROKEERIT
BUTEBL > 2 FWmBRINER L BPIREL T, HRLbDO LB bbhb,

KARE L F=oMIzs 35 20k 5750 « DMROIEEREO (L%, HEAABROKE2d 5\ it L
PMEAROWH DL, Fig. 7,8 5K Table 9 DX 512745, BARIMEEOKRE S, £MBOIAES
BUIEEAES M OMARE L D> LA OERPBHESL1THY, %@%ﬁ&it@*ﬁiﬁ-%TE?ﬁﬁi
ABATTHICLICDT, 5V, HAE LR e FHIIAROIRIC L e3> T WV IRECH bbb S
LENBEDLND, T, FTHECTKATELFRNEROL T OKRE SOME~N2H 5\ 3L

Table 9. HEAARDEREE & 73 AEMEICE T 538 « LM RO FIARINGEER

Average values of volumetric shrinkage of sap- and heartwood
of each storey trees or at each forest stand.

S n 'l{l‘ﬂfa‘ e} 7 L L)
%?Dt ap- or heartwood Sapwood Heartwood
Bar W= B s | maeme | DS B mrny | mieme
el N Numder Iy o % | Number | 7013 | TREEim 2=
Tree classes of Average |Standard of Average |Standard
or forest stand rnx}lz:;llsture- (%) deviation rgzﬁure- (%) deviation
= B N it
Uppe?' storey trees 624 10.7 2.08 2, 858 9.9 2.42
-] VN i
Middiae storey trees 251 10.3 2.09 796 9.4 2.51
T IE] N it
Lower storey trees 385 10.5 2. 44 1,183 8.6 2.45
. i |
3] = i)
Southern slope 550 10.7 1.98 2, 599 10.1 ‘ 2.36
I
B[4 1 ] ‘
Northe7rn slope 606 10. 4 2.44 1,937 8.9 II 2. 66
i Ridge i 104 10. 6 2.04 301 8.7 \ 2.34
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Table 10. P& ~D « EVNE S OUFUREEDE o LMo FHERIRHGEER

Average values of volumetric shrinkage of sap- and heartwood of each storey trees at each forest stand.

e M mMoM | s ¥ i & | x K BF [ A N i
Btk D pE R = Trees at southern slope Trees at northern slope Trees at ridge
T , I%‘JJ biEL' 55% FHlt e | R I{?‘J ;’(’iii iﬁé HAE | R I{?‘l ‘;é §5§ Hiliwy | EEREE
ree classes ; umber o umder o umber o
hes:rlzwgf)d measure- Average Standard measure- Average Standard measure- Average Standard
ment (%) deviation | ment (%) deviation | ment (%) deviation
£ & s?greg*' 4t Sapwood 279 10.7 1.79 345 10.6 2.30 — — —
ppterges y L#+ Heartwood| 1,640 10. 4 2.21 1,218 9.3 2.70 — — —
;{\J/I'dl?le 7S&Or£¥ 8%t Sapwood 118 10.8 - 2.00 98 9.6 2.35 35 10. 6 1.63
s Y | .o# Heartwood 468 10.0 2.50 256 8.1 2.52 72 9.8 2. 60
—E % STO eﬁ W+t Sapwood 153 10.6 2.26 163 10.5 2.69 69 10.6 2.24
°"‘;r£es T€Y | .44 Heartwood 491 9.1 2.35 463 8.3 2.59 229 8.4 2.42

Table 11.  {EUARDOARERE E 23 FEHECH T 5K EFHEHDD « LMD TFHRBI MR

Average values of volumetric shrinkage of sap- and heartwood of respective part of stem in height at each storey trees or at each forest stand.

(vt (M o1 ) MR UTUROHHA Y

=4 S0 e ok 3 & # i B T # i b [543 ¥ i
%t ;":itb fﬁ@?}% i . Lt hliart of stem with crownI Part of stem with clear length Part of stem atibottom b
Tree classes Sap- or | M1 g A P | MU R | ) S M\ SO | GG | O g S|P R
foresgrstand heartwood | measure- Average Star.nda}rd measure- Average Star.lda}rd measure- Average Stax:nda}rd
ment (%) deviation | ment (%) | deviation | ment (%) deviation
T X I SW 341 10.9 2.17 201 10.3 2. 14 82 10.7 1.56
Upper storey trees HW 1,209 9.5 2. 69 1,283 10.3 2. 41 366 10.1 1.96
g K M SW 118 10. 1 2.44 79 10.9 1.77 54 9.9 1.93
Middle storey trees HW 369 8.8 2.93 289 10. 2 2.39 138 9.3 2.04
T B A ¥ SW 127 10.2 2.52 155 10.9 2.60 103 10.3 1.97
Lower storey trees HW 278 7.6 2.59 607 8.8 2. 60 298 9.2 1.77
M & m SW 235 10.7 2.13 212 10.7 1.91 103 10.7 1.79
Southern slope HW | 1,002 9.7 2,59 1,194 10. 4 2.25 403 10.0 2.04
it & ®| SW 317 10.5 2. 49 _ 194 10.6 2.57 95 9.8 1.92
Northern slope HW 764 8.4 2.92 866 9.2 2.71 307 9.1 1.73
5 SW 34 10. 8 2.12 29 10. 4 2.50 41 10.5 1.57
Ridge HW 90 7.6 2,67 119 8.6 2.59 92 9.8 1. 50

SW: i34 Sapwood, HW: .[\#f Heartwood
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LEFEIMERNZ B XTIV 55, SEMERIITEORKRCHIGL Tk, BUT, #BROKEL»D
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Table 12. PEE~-D, 0 « LMROBBBWOLH EBK SCBT 5
BLUD> B DRI O E Y ERINGER
Average values of volumetric shrinkage according to number of annual
rings from pith at respective part of stem in height on sap- and
heartwood of upper or lower storey trees.

" - BLb- & DK
BEAOREE | 0L M ﬂhﬁgﬁ%f% Number of annual rings from pith
. Sap- or ?
Tree classes | 1., twood Sﬁg‘;g{‘ ~10 | ~20| ~30| ~40 ~5o| ~60 ~7o| ~80 ~9o:~1oo
- ot CR 10.6| 11.2/ 10.9] 10.7] 11.5] 12.1] 11.3] 9.8 8.9 9.1
CL — —| 11.1{ 10.8| 11.0} 10. 4| 10.6| 11.0; 11.1] 11.9
EEAR Sapwood BO — = —| — —l11.310.3 10.5 10.6 11.1
t

Upp‘::ezsorey o o CR 8.2 9.710.7)11.3 10,9 10.9) 10.2) 9.6 8.9 7.2
CL 8.8 9.8 10.6 10.8 10.8 11.3 11.0] 11.0, 10.1 10.5
Heartwood BO 10.1] 9.4 10.1‘ xo.s! 1.3 10.2] 10.4 10.6 10.4 9.4
- bt CR ‘ 8.0 9.4 10.5| 10.4] 9.5 9.8 —| — | —
' CL | 7.5 9.7] 10.7| 10.9| 11.4| 11.3| 10.7} 10.2] 10.6] —
TR ok B Sapwood BO —| —| 9.0 10.2] 10.6|-10.7| 10.8] 9.7l 10.0|-11.0
Lower storey o b CR 7.0 7.8l 87 9.0 — — — —| - —
CcL 7.6| 8.5 9.5 9.7 9.3 9.3 9.1 8.5 8.6 —
Heartwood BO . 9.8 9.4/ 9.5 9.8| 9.3 9.0 8.7 9.2 10.1 8.4

CR: #i5@#1 Part of stem with crown, CL: #{TF#f Part of _sterr'l'witl.l"ciear length,:. . .
BO: fifg#t Part of stem at bottom. o :
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Frequency diagrams of volumetric shrinkage of respective part
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) heartwood of upper and lower storey trees.
Table 13. #D|l) « BRI 0O FHARINMEER
Average values of volumetric shrinkage of respective part of stem at
’ upward or downward side of stand.
LU« B ER 2 Sapwood o Heartwood
Bt 3 A RS /B - ! — = —
Part of stem |JI 5 ¥ | SUCEL | IR | 00 5 B | HIEEY | A
Tree classes on sides of Ifllll;g:s:e?f Average |Standard r:xlgsﬁieo- Average |Standard
-stand ment % deviation ment (%) deviation
AR
B K B Upward 165 11.0 1.95 741 10. 1 2.51
. side
Upper storey 2~ 8 # E
trees Downward 158 10. 6 2.05 767 10.0 2.55
side
] 1L 1R #F BB
T B Kk B Upyxéard 94 11.2 2.13 281 8.7 2.58
side
Lower storey A [ &%
trees Dow%ward 73 9.9 3.02 194 8.2 2.50
side
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Table 14. AMNME S OHEHAAFEOER DL - HAM I > FHARINGEER
Average values of volumetric shrinkage of respective part of stem at
upward or downward side of stand on each forest stand.
ﬂ II:,\
. & 4 3 & m | e BRIMER Sapwood Heartwood
gt 3 K DR B T , i) o 3 e
Forest stand Part _odf ste;n I\}Eﬁjm%e%f Fifrre I\%ujm%eﬁf Fifr
Tree classes on St‘ eg ° measure- | Average | measure- | Average
stan ment (%) ment (%)
[ITRRETREZ IR
1t & Upward side 88 10.9 310 9.2
- Northern slope | % i #
B K ¥ Downward side 95 10.7 348 9.6
TR
Upper storey tr.ees & m Upward si&'e 77 11.1 431 10.7
Southern slope | & {8l # #f
Downward s'i:de 64 10. 5 421 10.3
W Al A B
t N & Upward sidn 46 11.4 135 8.2
" Northern slope | % 8] #4 B
TR K W Downward s'i:de 45 9.7 o4 7.6
I
Lower storey trees O E luJJpv{er fsigg 48 11.0 146 9.2
Southern slope | & il #f &
Downward s?de 28 . 100 8.8
Table 15 f5d « H T » HIEHEH oD « BRI ER O FEHRFHINGEE
Average values of volumetric shrinkage of respective part of stem
at upward or downward side of stand on parts of stem with
crown, with clear length and at bottom.
e 1« A4 iz [Z] L [}
) | BERDRERE | AL | 4 5 Sapwood Heartwood
Part of | ] & %K | = W SE B | e
Part of Tree classes | Forest | stem on [Number of T |Number of| 7 T4
stem stand sides of | measure- | Average | measure- | Average
stand | ment ! (%) | ment (%)
Wy M 54 10.9 134 8.7
#}pfr :forﬁ NS \4 I 59 11.1 160 9.1
- M 32 11. 4 173 10.3
B OF A trees SS v 31 10. 6 164 9.6
With crown : M i 13 10.9 31 7.5
IjF(; WE‘ sjtcorifr NS \'A |l 16 8.8 23 6.7
M 16 10.3 26 7.7
trees SS \ ! 9 10.7 29 8.1
: M I 27 10.8 135 9.7
prfr Sﬁrg NS V. | 24 10.0° 156 10.1
X M I 33 10. 6 190 11.0
EW'—fh 7? Hh trees SS v | 23 10. 1 206 10,9
Ith clear - ] M ' 18 12.3 65 8.1
length LT ] 71‘ L NS vV ' 23 10. 5 53 7.5
ower storey M 16 2.2 70 | 10.0
trees SsS | vy 15 10.5 61 | 9.2
P M 7 11.3 41 \ 9.3
5 & T B NS } v | 12 _ 0.2 32 | 95
ppfrs“ey SsS M } 12 1.6 68 . 1.0
U rees ' 10 1.0 51 . 10.2
At bottom -y M 15 10.7 39 8.8
]:E “E Zi‘oregf, NS v 6 9.0 18 8.7
. M | 16 10. 6 50 ' 8.9
trees SS vV 4 8.2 10 8.6

NS: jt4£4f Northern slope of stand,

SS: ®Ei44m Southern slope of stand, M: |LIffli#1%K Part

of stem at upward side of stand, V: #{fi#1#8 Part of stem at downward side of stand.
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TEIPPBVADDILKIEDLDTH D, ThHDOHTES L LHMIRIC IS 5 ARIMER O BRI,
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Frequency diagrams of volumetric shrinkage at each group of
specimens containing compression wood:

Table 16.  JEHEdH Th 4 GMENCE T 5 JEAKRDOREB N0, HTHE <D, HEFKS
X2, I LM RODEHARIGER
Average values of volumetric shrinkage of specimens containning compression
wood at each storey trees, each forest stand, respective part
of stem in height and sap- or heartwood.

L1 o NI = - S S = < o | BiNTEH | E¥RE

Group of trees or part of stem Number of Average Standard

measurement (%) deviation
T EEBAREE Upper storey 932 9.5 2.51
e A o R EPI%?Fﬁ Middle storey 397 9.2 2.75
Tree classes FEAEE Lower storey 618 8.8 2. 60
@A - w4} ®m S-slope 1,046 9.7 2. 49
£ ¥ # oW\ Jt #1 @ N-slope 740 8.7 2.62
Forest stand & f5 Ridge 161 8.4 2.50
m " . Hb 1% #4 At bottom ; 642 9. 2.52
] # T # Clear length | 712 9.1 2.48
Height in tree Bt 7" 4 With crown ; 551 8. 2.75
oo« L 4 bul ¥t Sapwood 172 9.5 2.40
Sap- or heartwood Ly # Heartwood [ 1,775 9.2 2.62

PO A BT 2TV B ZEBHREDLND, T, FNLIENMOMET HHEHIOMEID L, v
Fhd oA NS W EEZ LD LTV 5,

LoL, T3 Il ZELVEBIHC ST 215813, TOFHfE% Table 17 WA 3 X 5ic,
ARSI 2 LTRSS L X S ThRUWHS L2 H D, BUTERHOHEI BT, XLtk
b, —BEEHVRELBEVE KB bbhb, Zhid, 325 HTOHLORES—BTHL
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Table 17. Ffadh T 2.5 < LRI 28 RERE > D A RIUESR

Average values of volumetric shrinkage at each group of
specimens containing compression wood.

= a8 i H O ZF KR|IHEWKFH|EERE
: Number of Average Standard
Group of specimens measurement (%3g deviation

M £ T SW 20 10.9 2.45
E B K B S-slope HW 537 10.0 2.32
Upper storey trees | it & i) SW 33 9.9 2.57
N-slope HW 342 8.5 2,51
™ £} TH SW 16 9.0 2.52
S-slope HW 210 9.9 2.47
B OK B & m SW 13 8.2 2.07
Middle storey trees N-slope HW 109 8.5 2.98
& 5 SW 5 7.5 1.69
Ridge HW 44 7.9 2.54
[ & [ SW 32 9.9 2.22
S-slope HW 231 | 8.8 2.73
T B K # Pt & m SW 37 | 8.7 2.24
Lower storey trees N-slope HW 206 8.9 2. 62
3 [ SW ‘ 16 9.7 1.85
Ridge HW 96 8.4 2.45

B & M SW 32 10.0 2.53
With crown HW 292 9.5 2. 69
m oM m ¥ F # SW 11 10.8 2.02
Southern slope [ _ Clear length HW 406 9.9 2.28
OB M SW 25 9.6 2.20

At bottom HW 280 9.8 2.61

5t =& 7 SW 34 9.5 2.89

With crown HW 192 8.1 2,57
Pt & m ¥ T M SW 14 8.8 1.79
Northern slope Clear length HW 249 8.1 2.38
OB M SW 34 8.8 2.15
At bottom - HW 216 9.7 2. 59
Bt 3 b2 SW 6 9.8 2.12
With crown HW 36 6.6 1.96
i - W ¥ T M SW 6 9.0 1.12
Ridge Clear length ___HW 26" 6.7 1.91
b = 7 SW 9 8.9 2.32
At bottom HW 78 9.5 2.18
E B K B SW 35 10.5 2. 62
Bt o o Upper storey HW 310 9.0 2.48
. R 3 SW 23 8.7 2.57

Part of stem with | Middle storey HW 145 9.1 3.21
crown T B Kk I SW 15 9.5 2. 42
Lower storey HW 65 6.9 2.06
J[:I B K ® EIVWV 8 9.8 2. 28

pper storey 416 9.6 2. 4
# T ﬁ B K B SW 5 8.3 1.03
Part of stem with | Middle storey HW 120 9.3 2.23
clear length OB K B SW 18 9.8 2.00
Lower storey HW 145 7.6 2.35
F A B SW 10 10.0 2.00
Hh - H __Upper storey HW 153 9.9 2. 69
- h B kK B SW 6 7.7 1.65
Part of stem at Middle storey HW 98 9.5 2. 66
bottom T B K B SW 52 9.1 2.23
Lower storey HW 323 9.7 2.42

SW: #tt Sapwood, HW: .[\#f Heartwood.
ity e HDTH B,

2. REREHLFHEBELOME
KRR (a,) & AREER (R) LOMBIco-TiE, SBETIEL OB, THEDOTER
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Relation between bulk-density (R) and volumetric shrinkage (a,).
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Relations between bulk-density and volumetric shrinkage on group of specimens of
normal wood and containing compression wood respectively.
Table 18. R-a, BfRO LML ITEH TS R D R-a, BfRiICK T 5 2 & D&

HiH & £ OHEIEFRD Lk . gk e -
L X OREROLFE HHR S ORI S X Ol
Range of R and percentage of measurements at each

part of curve in R-a, relation. Mo Bt®RE2KkD 5 &, Table 18

" o |mARHS| RoOwH %ﬁﬁﬁﬁ? KLDENDLX S5 THOT, %Mk
Group of specimens [Part of R-a,| Range of R |of measure- H8% D RIEBDIRFIX, DRICER
curve (g/cm®) ment(%) o

. ] MOLDDIESBHTHDOLDLD

IE W 1 (D ~0. 400 88.8
Normal wood ggg 0.400~0.580 | 11.0 K&, po, EWNHTEELOMH
specimens S RS2 90 %1 H hov B R R

»H T % &L @) ~0. 360 38. 4
Specimens containing (Im) 0. 360~0. 500 44.9 T, WHBEOXHST X D> THK

. iig 0. 500~ 16.7
compression wood (Im) XNTVWBDRIVLT, HTHT

U T DI T MBI 40 BT F P, KRBT ~MoOMs % 55T\ 5, Th

SR EM OB L3N TH 5,
) R-a, ERO—mHE

KRE + F= oo Bi3 2 BREBEROA S XITWT 5 ABIGROZE(LDO L7l onTD DX
S I fEmvE, T ﬁiLLro/M@¢mmnm%A@Wﬁ$m>m@mamm%ﬁ%a%%%ﬁw

@Wﬁ?”wéVdﬁM*§M&®Wm$“k%H6&Bbﬂmt&l<ﬁa?6%@f%6°Egﬂ%
X Ot Table 19 i3, FIHOFR S SEEERILL 72D DTH B2, TID DT TORERZB-EHNTHET
FIUE, Ra, BIRICHIT S EBOWEE, BanslPFiclsuwTdERNCH LD SN HERMTHD
TEBHELNTH D,

Tiabb, —RRIGICV X, VWAV BRI lémﬂﬂkkbf% ARULHER DK & S IR HBE
WO L DO THIML, H5AESORMEBEIHGEY 5 L FHIERITIZ LA LML <7D
SLICAMBERGAE 55 LABBMRILLABI LT LW BIRkicd D, BRBEHRSED
CHELLASL BT, FRIGEEOS Shhvh @3k 0 FHAMIZ L b LB 5LV 25, L
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Relations between bulk-density and volumetric
shrinkage at each group of specimens from
typical tension or compression side of
stem and from inner or outer part
in each annual ring of normal and
compression wood of Todo-fir.

T, ELTEDROKEIZIZHLBARIILD S, HEHBEOHIIROEIMCONTAREZIIE
Wrs, EMEITAMCBITLTCED, % R OREIpLLIEEMBOTR «, 28ML TV &, £
IR, dHRL, EESMZLOTRERIIELDTOTr LW EBHRLEDLNS,

Table 19. EMAEBEICE TS5 R-a, BHROEBRIVE SO R OHiFH & £ OBEIEHDILER
Rate of linear part in R-a, relation to whole range of R and
measurements at each planted tree kind.
. 7. 3 5
. % Range of % of Tncos oast i B, solation| MPEROIL%
TFIT % | Percentage of
Tree kind ngnge of Rg(ﬁg /c) %%Eé“gz,ﬁ{gz measurergnent
range of R (%) %)
7y o4 = v Larix Gmelini 0. 300~0. 580 74 96
SV ETh SRy Larix leptolepis 0. 320~0. 500 64 90
Abr—TF=v Pinus strobus 0. 240~0. 320 50 93
¥ F % % Fraxinus mandshurica 0. 520~0. 620 42 70
PNV o= Abies Mayriana 0. 260~0. 360 36 87
= v = v Picea jezoensis 0. 320~0. 400 36 77
F oo by Picea excelsa | 0. 260~0. 320 23 18
N v Populus Maximowiczii | 0.240~0. 280 18 31




— 74— : MERBHVIARE H145

R& a, L DOERIE, LA®B2T, T0X5

40 T
72 Average LA o ] EAEDKEREBOEE S BEAL S, ki
0o Aj\x\ BT Lk s BRI LI T B 1 O
‘;g T IAT T ] Thy, £hdxic, 7&xif Fig. 18 OfFEE
0 T ﬁ\k B0 T opmic e SR E @y LASHET 5 X 5 skt -
Ag* —— —o L HEOPESTEVTIE, RE o, OB~
0 %g”Q\\ maeo | B EDH TR £ UHE L LTRRSD
) 2372
0 ?;yf«r“$— N T B LI BbITHY, o, fok X Fig
s T I Tl ] BPEROHMES S EASDEND L S
S - _Tr i ‘mi. 1279 — RS NP A TRV T, as=axR O
30 B N — gk a OIE, FEEO RIS X OHEOMLS
2 T F 5398
" 1 ) 0 o ppaickoT, AES DAL bR, EL
5 A ] 75 ACh A F AL HEbIS B AR
i I w %l 4 mpcricnsbITHE,
0 ' ! ot T
40 TATT — LEdoT, HBEED, H5VIEHELL
2 RN R0 | retoh sk ol - HEE, EOLS KR
" P i e e s ESNAHET Ra, BFEELOPZVS L
% SN ToTT) o AR ORRMEAELEBETTH
10 = o e G e [ i e
Ag — ' ‘I T DAEICOVTOEBOMFE, TOX5%
2 AT R0 T gy 5 % TORKHMIRTIOMIICIEA-5 5
‘8 ! i B L \S L 1 T I QAN
0123456789I10111212141516171819202|22

Fig. 18 ﬁ?ﬁ%rﬁﬁﬁféizﬁﬁﬁﬂ'é’é’iﬁﬂlﬁﬁ$g TS BUEAREOMEE S SR
RS CEFM) LIFTA & D AHIRKER ORI O &M
Frequency diagrams of volumetric shrinkage at h LS BT ORESOELE, FIHOX
each class of bulk-density (normal wood).
35 fg—fEHY R-a, BARDRAT, ENBLEDX
SIERBEN BN LS T LIEDNT, Sl eI EM X B

(D) HEROIBIAE S

BEAABORBIC L > TR L L « th « FRABICOVT, FRBMER & AHEEK L OBfRZ£H
BRSO FHEIC L > TRD B L, ERHTI Fig.19 0X5Ths (LKL, Rk Tid R=0.600
glemd PEOBWHEINEE N THH—UTERELELT),

Chic ki, 2EERAREIIFS R, BRI Fig. 15 THLWERERETL, ThEn, RO
BBV LT @ 22 (1) Bl Tob (M) BP(EREEORERT2HRAZLDTH, F—
OROAEICEVTS @y OAZXE, HRABRCIOTRELS>TH XD, REa, LANTIE AR
BRI 5 5 & 2 X lhiRs (1) OROFEFT, 3 X% 0.360~0.380 g/cm® LITTHDT, IO
BBy Tit, ROBMICEVT S a, OBMOb D Y3 EEAR> hBAR> TRAROBICSS

bhTnb,



A A OFRAEWFEMIE GE 15 #). (FEA)

B DEPEAR I Bk (1)) oF
BEICEFRINDOEY a,/R {EE, ThEHET S
FHFEEEKRLZHNT 5L, Table 20 DX 5
THDoT, ROBEHTRE>HE> LRABEOEDOK
EXTHHLH»rbSY, 1-Q) HTHELR

@, DHZEHTOKRESBLERE>PE>TRAROIH

whbbhnzt (Fig.2, Table 2) 1¥, Z DR
DEITIZWT 5 a, DHEIDHL D B3, ERK
BBV TRDAEL, TRABIIIVTRD/IE
VEWOIHENRDBDTHDILBDHELNTD
%,

b BHA, ThSHOBFRBMROK & X1 Fig. 18
THIE I, ELDTOAVIETHMAL, ENiC
thOWHAARBFEDO I DL ER D HOTHELL TV 2D

— 75 —

&
l L
0 —_—
9 I—
8 —
T rER
—O— Upper storey trees
6 —— ]
Middle storey trees
5 x
Lower storey trees
4 L ] 1 1 1 1 1 1 I L - ! 1 1 1
2040 6080 20406080 2040 6080 20 40 €080
Q200 300 400 500

R(end)

Fig. 19 RER~OHHAARICR T 2BREE
L ARIEER & OB
Relations between bulk-density and
volumetric shrinkage at each storey trees.

DTHY, Fig. 20 T L DT EBAM L FTRAMHLICK T 5L RERTHIST 5 o OBERSMIE, £
DEEEDHLDLL TV S, LBROEMIZ, ChHDRBOHDE(LE LRSS beks LTRIENS—ED

HAMTHELEHRLDOENS,
F7o, AHRTEHEBLA FovEhkKROBRE" D,

ZORREY F=yMOBEENLERTH S
P, FOBERRREF FeoMDIIS3CX0ZFLL R LDLND,

Table 20. &REE < OPEARICHIT 5T au/R & R

Average values of a,/R and R at each storey trees.

’ /R R (g/om®)
N R - "

LR A N 13 gh & © ¥ & th R D B &

Number of ;
Tree classes Part of R-a, curve Part of R-a, curve
| measurement [Ty T () KDH~AD_ (D) [ (D) D~

B K ¥

Upper storey 3.482 30.0 24.7 29.8 0. 333 0. 433 0. 339
trees

moREOR R

Middle storey 1.047 28.3 22.0 28.0 0. 338 0. 449 0. 343
trees -

T B K ¥

Lower storey 1.568 25.6 21.3 24.3 0. 347 0. 461 0. 375
trees

(2) HEADEIHE

BRIGERO DT DR E X1, T OHARBEOAN LAFE O XN Lchio Thi b RAIR ER
LU (Fig. 3,4, Table 3,4), zh#% R-a, [RTHSB &, EFHICOWTIX Fig.2l L
NEHEHT, ROAKEITAWVWTS a, ODREXDHOLLNPIITLDELIRERNZLEIDLNG,

RSO S (1) (I), BXULFINOFY a,/R {HEBFREEKDHEIZ Table 21 KdhHizz
LNTVWBERYTHDT, /R HZHES (1) CTREATE> L& > EmIAEOIRC k&<, i
BEs (ID) TIESECHITHY, L7nsoT, BERE L TIIEMNELARED D OSHEKRT, EHIIA

BOLORRIERDTN S,
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EHIL, ThHDBBVE, FIHTHELLE - « TRAROFIICKD>TRL»®D 5 &, Fig. 23 &
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Table 21. HANMENOWHAFCE T2 FEH /R L R

Average values of «,/R and R at each forest stand.

. : a./R R (g/cm?)
pEUROLE (W OE X i o 5 5 T
F A d Number of ¢ | Part of Ra, curve Part of R-a, curve
orest stan measuremen ( i ) (M) (1 )~(III) @) €i9) '( I )N—(lllj
MM W
Southern slope 3, 149 30. 4 22.2 29.4 0.335 0. 454 0.347
Northern slope 2,543 27.2 22.6 26. 4 0.335 0. 446 0. 349
h
Ridge 405 25.5 22.2 24.9 0. 349 0. 460 0.370
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Table 22. BEE~D « EME N OHEHAARICIT 5 FH «o/R R

Average values of a,/R and R of each storey trees at each forest stand.

- - a,/R R(g/cm*)
R AORE ii}gg % ijumfer ijf Part@)ﬁggfﬁzurvé Part%ﬁ?—ﬁf%urve
Tree casses | Tomt | e | (0 | o [P oo | o [Ty,
+ B K B ms-ﬁpeﬁ L9t9 | a3 | 201 | s12 o.332| 0.44o| 0.337
Uppf:e:storey ij-ﬁipeﬁ 1,563 | 28.3 | 25.3 | 28.1 | 0.336| O. 427| 0.342
& B Ok B B 586 | 30.6 | 24.4 | 29.9 | 0.333| 0.435| 0.341
Middle storey th-éfﬁ)peﬁ 354 26.3 | 18.7 | 25.4 | 0.323| 0.459 | 0.335
trees i Rid ge% 107 27.9 | 22.6 | 26.3 | 0.359 | 0.460 | 0.384
* B £k m Fﬁs-fiipeﬁ 644 26.6 | 20.7 | 24.6 | 0.353 | 0.468 | 0.382
Lower storey th-éﬁipeﬁ 626 24.6 | 21.7 | 23.5 | 0.342| 0.456 | 0.374
trees “ézRidgeﬁg 298 24.9 | 22.0 | 24.4 | 0.345| 0.460 | 0.365

EXOLREDIFTD 2205 T, HEMIHIFIIREKORESIPREFICIVREIHRT 2 L0D
THHLELLND,

ZREECIVT S @y ORESIOLBERIREIEOL S CELLOAVIBTHObNE 1D, £0
BADIRPITS L ENDRERIERICOWT, AREMRERD S EROL 5 TH B,

BREE R OYRAAREER S A ESTRE N o AT R 45T « T « HIFEHE~ D OB /R
HER L%, ZAHBISTOWTERL T Table 24 1L ®% (R-o, BREIZEKT ), Zhpbih
&, BEFORHAMERD 5%, HUT ao/RER, WThOMKADHEE, &5V FhOELHED
FAREECTD, HTF>RBIHEMEHOEmME > LHLTED, Fik, WFROHEHCEVWTH E
B> hEB=TRARS 5 VIZEAE > LAE =@ AREOEHmZ 2L LDOL T3,

o LTI DHEFHOMABbHITHT B,

12 )

gn_ Y, INThOLRIIOFY /R % BR T 5 &
0 Table 25 DEih ThoH, EHTRBARLD
|

LTV TFhOMLHbRITEVTHoRICK T
> B> HIBSHER DIEIC ao/R BB 2 HhT
By, HETOMECRVTIE, BREBEROAX
AL TOLY DBV LTIFLEAEEDEZILARTD
4b§%§f‘ BbkE AREREZ S0, BEC, 1.
' () HTALBRBHEEO LS FORE S, €
4%&&@@&&&@mib&®%i&é&w B Da,/R EOHER L &RBECH bbh

o ) R(ltn?) REKDKE XL DD BRI OTHERS
Fig. 24 BI5E « & T « St 83 5 55 SRA & D% -
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Relations between bulk-density and volumetric (4) 5BitE DM

shrinkage at each part of stem with crown,
with clear length and at bottom. EEM OB TMES & LMY & Thid
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Table 23.
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B « BT - Mo FH /R L R
Average values of a,/R and R of respective part of stem with
crown, with clear length and at bottom.

O,

a,/R R (g/cm3)
5 ¥ Al
A kOME | W =2 K s o 5 5 i@ o 4y
Part of stem Number Oft Part of R-a, curve Part of R-a, curve
measuremen ( I) (H) ( T )~(I]I) ( I ) (H) I(l):(g)
R
With clear 2,614 29.4 25.2 29.1 0.337 0. 432 0. 344
length -
*%HE Ijow%r[lg 2, 442 28.4 24.2 28.0 0. 331 0. 433 0. 336
i%tﬁf"i Offorf“ 1,041 (28.2) | (20.6) | 24.9 (0.351) | (0.466) | 0.393

Table 24. {AARDEMEE £ 70i3 K4

AR DD FH @, /R & R

MEC T DRHE - BT -

Average values of a,/R and R of respective part of stem at each
storey trees or at each forest stand.

- 3
R AOEE | gatko | & K /R R Cefem
ol r v S BT % om0 W & 8 o ®m &
Tree classes Part of R-a, curve Part of R-a, curve
or Part of | Number of (1) (T~
forest stand stem  |mesurement| (I) | (1) | (1]1) (1) | (Im €15)
r B K ®B CL 1,484 3.0 26.5 l 0.7 | 0.332 | 0.423| 0.336
Upper storey CR 1, 550 29.4 | 25.2 9. 1 0.333 | 0.432 | 0.337
trees BO 448 29.9 I 23.1 ’ 28. 6 0. 341 0. 441 0.357
i
IE, . CL. 368 30.7 28.0 30.3 0. 332 0. 428 0. 340
Middle storey CR 487 28.0 ' 20.3 27.6 0.325 | 0.434 | 0.329
trees BO 192 27.0 19.7 l 24.5 0.355 0. 461 0. 388
T B X CL 762 26.0 = 23.7 , 25.5 | 0.350 | 0.439 | 0.361
Lower storey CR 405 24,7 24.0 24.6 0.332 | 0.434 | 0.341
trees BO 401 (25.3) | (20.0) ’ 21.8 | (0.372) (0.474) 0.436
. ; : CL 1,406 | 30.1 | 25.4 | s0.8 | 0.335| 0.433 | 0.341
] # H !
CR 1,237 = 29.7 24.2 29.6 0.333 0. 438 0. 335
Southern slope BO 506 | 30.0 20.6 25.9 0.347 | 0.467 | 0.390
I = & CL 1, 060 ‘ 27.8 25.5 27.5 0. 338 0. 428 0.345
* CR 1,081 27.1 24.8 26.9 0. 329 0. 431 0.335
Nothern slope BO 402 26.3 20.3 23.6 0.350 | 0.478 | 0.394
i pehe CL 148 25.3 24.1 25.0 0. 348 0. 448 0. 360
hn CR 124 24.8 | 22.6 | 24.6 | 0.335| 0.433 | 0.346
Ridge BO 133 (27.3) | (21.6) | 24.8 | (0.366)] (0.473)| 0.404

CL: #F#f Part of stem with clear length, CR: #f{5@#f Part of stem with crown,
BO: jifg#4 Part of stem at bottom.

T, TRLNOKHRIEIZHIET % o OHBRILBERS % kD5 & Fig.25 KLDTERDTHD, 1-

(4HE7T,

ZDRBDOHPFD @y DKE STLOMES X 0IMRFITHE N TED j(’a‘ <Hbbhd L

Hrobhiop (Fig.6, Table7), ZHIZHREEICHIGEETH R=0.500 g/em? < S\ ETiiohic
FROBRICS 5 T L 2B LTV 5,
COMBRER E ) L OKMFHECI > TRRTHIEFig. 26 DL 5THD, £OFY a/R KL
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Table 25. F&B~D « ASIMHRI R OPLART BT 25 -
T < HEMEX>DFY a,/R
Average values of «,/R of respective part of stem of
each storey trees at each forest stand.

Tfﬁr’rﬂrﬁtﬁs*lﬁ?é T JI:%#EFIZ\INF Tl& i _\*% 7l_<di‘u*3l‘i
U 3% AR ORE B stk | Lrees at S-slope _Trees at N-slope __Trees at ridge
R W NOY 8 I\%g‘“ % ﬁf I\}’E‘“ % ﬁf Nr_—_ﬂll % ﬁf—
Tree classes umber o umber o umber o
Part of stem measure- /R measure- a,/R measure- a./R
ment ment ment
£ T Y
With clear 821 32.2 663 28.8 —_— e
B Ok M length
Upper storey {,’éith’% . Oﬁn 810 30.6 740 27.6 — —
trees - Wop
{ll 7 1
At bgttom 288 I 29.9 160 26. 1 \ _—_ —_—
£ T %
With clear 255 31.3 85 27.7 28 29.5
4 J8 Kk B¢ |——leneth
Middle storey | - *\%it? or (ffv N 277 29.3 172 25.6 38 25.4
trees .
iAUt J’g‘ttoﬁ 54 25.6 97 23.2 41 24.9
% T # !
With clear 330 26.9 312 24.9 120 23.7
T OB Ak B |——ensth
Lower storey éﬂ‘ljithﬁ::rogn 150 25.4 169 24.3 | 86 24.3
trees -
%t li?ttofﬁ 164 20.7 145 21.3 92 24.9
I

Oy R ffirx Table 26 i Ldd &R0 TH5,

Tiobb, LS, 273 & D ROFHPRE JITLBIBELL TV T»0-H057, F «./R
THZSRICIMIE W TOMIZE T 2L D bRTHD, R oy EBLHIMBIRCS 5 &% D5 kS
% (1) TiE, a/R 304 TH 3L, LT 28 2bicx, R OBINObLYIC ¢, OHEINGLMITE
FBIESMIBNICKREVCEEZLDLTV S, AHTHELR M Py EMAROSED 13, 2 - LM~
5 a,/R EHBEFRFITIUM 27 « 004 26, BEAIES THE LS 8RETH D20, BHzliMev
5HTD a,/RIED D B bhIIRAEMRAD ATERARSHELL T 555, £l « LMEOZERZ
FREMAICHEVTE VELLBObNE T EMBREDONE, bbHA, fhstiliDrEMARROE2)

Table 26. 38 « LHANODFEH a,/R & R

Average values of a,/R and R of sap- and heartwood specimens.

; o % a,/R R (g/cm®)
oo MW R R i o 5 TR
hSap- or d Number of ¢ Part of R-a, curve Part of R-a, curve
eartys{oo measuremen! ( I) (H) - ( I)~(III) ( I) (H) - ( I)~(III)
- Sap‘;;(;(');l H 1, 260 30:9 24.8 | 80.0 0.340 | 0.440 | 0.353
A reartwood| 4,837 28.4 21.8 27.3 0.335 | 0.455 | 0.348
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T, ao/R B3P ELFLLBMZ LM EZPESRVAD, b Py #iTsy s o, #iE—
BFERBLTOWRIMEE CH B LIIVIRVDDOTH 5,

B e LMRODZ0%ELE, HEAORKE, SNMEBSICHERKS T LICRRT 5L, Fig 27,
BHEIV290TLLTHH, ThHOEHBES B X RLRIIDOF a./R HE R &3, Table 27
TLDT LRI THS,

ZhoiXius, SERDORERE, £TMED S VITH EER G EO&ENEE b T, a/RERRIE)
DRI VT, LHMIZHTFHIDIKREL DObNB I LHHZLEIDOEND, Ei, T LMENRE
NIZHEWTH, THHE TCHELAER, T7abb, LE>AE> TRAL, MR >R >EmHiR
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Fig. 26 31 « L _olEHT B 2 A%
R L ARINHER & OBFR
Relations between bulk-density and
volumetric shrinkage at sap- and
heartwood specimens.

B, BT > BE>HIEM OIRT a/R E435 5
bbb EBHELLTH5,

Fro, TOX D RABRILOZHDOEMESR D
bEITHIT D a,/R HEOZE(LE KD % & Table

QAw(%)
Fig. 25 2k X OLMIZE T 2 FREE KRS 28~31D X 5 THOT, ThbDORMEEHEFDD

at each class of bulk-density on sap- and MEROKE S DB LLIPIITOVTHE, LH
heartwood specimens. LD LIMMTE D KTHBEREZ>RICHED,
F7s, LBAR, WAL, &5 EHTHALORESRARESRIZFEO LS T LA, FTRT
DHEEBLTO—RHAMETH D LA LDOND,
(5) EMRHTH .
DLEABICRIE L TERMEHS, TRTERM L A0S N2DDITO0TTHEHS, §CLTHIEMRS
ToHlbze bk diconT, ARRBELZRIRS LROX SHHER1ZLDLND,
Tiabb, HTrxs UM%, TOUADREE, £, 1 EBX 5551330 « LML 5
BHFICERIL T, AREER L ARUNER L oMK ES & Fig. 30 X512 7kbs Thbiy,-
ZIE TR LAIERHIZ o0 To Fig. 19, 21, 24 53X 026 12 NFNMET 55D THT, H
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Table 27. A AKDOERHERE, KENBEHE/IZL LS
K3z HiF 530 « DHROD¥EH a,/R £ R
Average values of @,/R and R of sap- and heartwood at each
storey trees, at each forest stand or at each part of stem.
B  eoH|me a./R R (g/cm)
i # I Sapwood| Number B 0 = 4 B o5 L
Group of specimens he(;rrt- me:sfure- Part of Ra, (C 1;r§i Part of Ry gulrs’i
wood |ment QP (m (]II)l (D (1) (I
| U’J:‘ E Z‘:OEZ‘ SW 624 31.7 27.3 31.7 0. 334 0. 421 0.338
pp:: y HW 2, 858 29.7 24.4 29.2 0.333 0. 435 0. 339
ez rees
e
Midd?e store SW 251 30.5 24.5 30.0 0. 338 0. 428 0. 343
Tree trees y HW 796 28.2 21.9 27.4 0. 330 0. 452 0. 343
classes [ v = & 3%
L-(])—W%r 7sktogr¥e SW 385 29.1 24.2 27.4 0.357 0. 446 0. 383
! Y' HW | 1,183 | 24.4 | 20.1 | 23.1. | 0.344 | 0.468 | 0.373
rees
i A
‘gougﬂ eniﬁ SW 550 | 31.8 | 24.0 | 30.7 | 0.337 | 0.446 | 0.349
HW 2, 599 30. 1 21.7 29.2 0. 335 0. 456 0. 346
4 37 p% ___slope
F Jﬁor?ﬁer? SW 606 30.3 25.5 29.5 0. 340 0. 436 0.352
orest <o HW 1,937 26.3 21.6 25.6 0.334 | 0.450 | 0.348
pe
stand
63 b SW 104 29.4 24.4 28.2 0.361 | 0.439 | 0.376
Ridge HW 301 24. 4 21. 4 23.6 0. 344 0. 467 0. 368
%itthleﬁ SW 435 31.5 26.3 30.8 0. 336 0. 437 0. 344
. 1 h HW 2,179 29.1 24.8 28.8 0. 337 0. 431 0. 344
Mk | lenst
o B & M SW 586 30.8 26.0 30.3 | 0.341 | 0.427 | 0.350
Height in | With crown | HW | 1,85 | 27.7 | 22.7 | 27.5 | 0.328| 0.440| 0.331
tree |
B 4 SW 239 29.9 22.9 27.8 , 0.348 0. 455 0.374
At bottom HW 1802 | (27.6) | (20.1) | 24.1  (0.352) (0.468) 0.399
SW: 7%} Sapwood, HW: .[.#} Heartwood.
Table 28. {{AKRDHERE XD « EIPE X OREHERZHT 53D -
LHRODFEH a,/R & R
Average values of @,/R and R of sap- and heartwood
of each storey trees at each forest stand.
a1 . oo | B ZE B a,/R R (g/cm®)
. < A LD. . 'L‘*Zr !
gk ORE| & L AHE Number | 4 48 o 3 % i % 0 5
Forest Sap- or of Part of R-a, curve Part of R-a, curve
Tree classes Stand heart- |measure- (T~ (D~
an wood |ment @D) Q!9) (1) (1) | (M (I
B AR M oA m SW 276 32.6 25.1 32.5 0.328 | 0.431 | 0.329
= S-slope HW 1, 640 31.3 24.1 30.8 0.332 | 0.440 | 0.338
Upperstorey| o~ ot m|  sw 345 | 31.4 | 27.6 | 30.8 | 0.338 | 0.420| 0.344
trees N-slope HW 1,218 27.5 24.5 27.3 0.335| 0.429 | 0.341
Mo @ SW 118 | (31.8) | (24.6) | 380.1 | (0.340)| (0.435)| 0.348
) S-slope HW 468 30.2 24.1 29.5 0.331 | 0.435 | 0.339
N N
. T & @\ SW 98 | 29.3 | 25.2 | 29.1 0.328 | 0.413| 0.330
Middle storey| N-slope HW 256 24.9 18.4 24.1 0.321 | 0.462| 0.336
trees
%3 5 SW 35 | (29.8) | (23.7) | 29.3 | (0.359)| (0.410)| 0.362
Ridge HW 72 26.1 22.6 24.8 0. 360 0. 464 0. 395
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(Table 28. 5%

m oA m SW 153 29. 4 23.8 27.6 0.357 | 0.449 | 0.384
| S-slope HW 491 25.6 20.0 23.9 0.352 | 0.475 | 0.381

TR AKRE
4 & ®W| SW 163 | 29.0 | 24.5 | 27.4 | 0.355| 0.444 | 0.383
Lower storey| ""N.slope HW 463 | 22,9 | 20.6 | 22.4 | 0.340| 0.461 | 0.370
trees 73 | SwW 69 | 29.0 | 24.4 | 27.7 | 0.362| 0.442| 0.383
Ridge HW 229 | 23.8 | 2007 | 23.3 | 0.341 | 0.469 | 0.360

SW: 3%t Sapwood, HW: .[.#f Heartwood.

Table 29. #LEARDAENHERD « Wi EEFHX 5 opHIC k1T 530 -
LRoODFE a,/R & R
Average values of a,/R and R of sap- and heartwood of
each forest stand at each part of stem.

= | T GE Y 3
PR A D | gy |20t /Ebéfﬂ a./R | R (g/cm®)
£ HE Sap-or | opoT g # O B & o # D ¥ o
Part of stem hegrt measure Part of R-a, curve Part of R-a, curve
in height | 2eart- g ~ D~
Forest stand| in heig] ‘ wood | ment | (D (m @ )(III) (D (I C >(111)
¥ OF M SW 212 32.4 | 25.9 31.8 | 0.330| 0.437 | 0.337
Clear length HW 1,194 31.0 25.2 30.5 0.336 | 0.432 | 0.341
B oA om|
B =M SW 235 31.4 | 26.4 30.9 0.341 | 0.424 | 0.346
Southern | With crown| HW 1,002 29.3 | 23.1 29.1 0.331 | 0.446 | 0.333
slope
P o B M SW 103 32.0 | 22.3 28.3 0.344 | 0.458 | 0.378
At bottom HW 403 29.6 | 20.3 25.4 | 0.348 | 0.468 | 0.393
# T M SW 194 31.0 27.1 30.5 0.339 | 0.439 | 0.348
Clear length HW 866 26.9 | 24.9 26.7 0.338 | 0.425| 0.345
d & m
i v SW 317 | 30.6 | 26.3 29.9 | 0.340 | 0.426 | 0.351
Northern | With crown HW 764 25.6 22.8 25.5 0.324 | 0.438 | 0.329
slope
P o B M SW 95 28.6 22,6 26.8 0.343 | 0.452 | 0.366
At bottom HW 307 25.2 | 20.0 22.6 0.353 | 0.465 | 0.403
B T M SW 29 29.0 | 23.3 28.4 | 0.362| 0.416 | 0.366
Clear length HW 119 25.1 20.1 24,0 | 0.345| 0.452 | 0.358
i W w5 M SW 34 | 31.6 | 238.8 | 28.6 | 0.3848| 0.437 | 0.377
. With crown| HW 9 | 23.2 17.9 22.8 | 0.832 | 0.414 | 0.334
Ridge
HOER M SW 41 | (28.2) | (25.4) | 27.5 | (0.369)| (0.448) 0.382
At bottom HW 92 | (26.6) | (20.8) | 23.7 | (0.364)| (0.477)| 0.413

SW: 1%t Sapwood, HW: .[.#f Heartwood.

TEHSBRBOIOREEMO LI 5T, LY FRALEAES 2LV, chixgficsTs
HTOHLDEEVMBEATHBZEICLE3KbDkbbils, &KL L TE, HTrHLTHENT
#HBREL D Fig 16 THED L3I, ERMOThED B0V grade THILLTHD, ZoZb
DEEAIAIET 5 EEFEMOHEITITET T 5,

COAMEBOTH a,/R [E25kdT, HIST5IEHR M © H40fH (Table 20, 21, 23 35X 0826 7>
LEE) LHEET TS L, Table 32 KLHIhBEBDTHS, hrbdbdbEbrikisie, »T
&L UMD ao/R 12, EEMOZNRI D bohick b/ S BbbhvTkb, i, LE>HE>T
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Table 30. #HHADOH EER SR> - BB OxEEHCIIT 5T -
LMRODFEH ¢, /R & R
Average values of a,/R and R of sap- and he_artwood of
each part of stem at each storey trees.
o m . lt.‘*d. i;!»“ EE & av/R R (g/cma)
LK | fratkonsE Numder i 8 O # 5 i # O # 5
Part of st Sap- or of Part of R-a, curve Part of R-a, curve
art ot stém| Tree classes | heart- |measure- (I~ (T~
in height wood | ment (1) | (M am (1D | (M (m)
NN SW 201 | 32.1 — | 321 | 0.321 — 1| o.321
Upper storey HW 1, 283 30.5 26.5 30.4 0.334 | 0.423 | 0.338
BT M maE
. M?ddle SW 79 32.3 26.5° 32.0 0. 334 0. 441 0. 341
With clear storey HW 289 30. 1 28.4 30.0 0.332 | 0.426 [ 0.340
length 7
gt —FL}%wfrﬁ SW 155 30.0 26.3 29.0 0. 360 0. 437 0. 376
HW 607 25.0 22.5 24.6 0.348 | 0.440 | 0.358
storey .
] 751_4% SW 341 31.6 27.9 31.4 0. 342 0.420 0. 347
bp HW | 1,209 | 28.8 | 23.6 | 28.4 | 0.330| 0.440 | 0.335
. storey
! B M “'“N’f?; diﬁeﬁ SW 118 | 30.1 | 23.3 | 29.7 | 0.836 | 0.424 | 0.340
. . 27.2 . 322 X . 324
With crown storey _ HW 369 27.3 16.8 o] 0. 446 0.3
—FL%wfrﬁ SW 127 28.9 24.9 27.8 0. 346 0. 434 0. 367
HW 278 23.2 20.5 23.1 0. 327 0. 434 0.329
storey
B ok B SW 82 32.0 23.4 31.7 0.334 | 0.432| 0.338
Upper storey HW 366 29.4 23.1 28.0 0.343 | 0.441 [ 0.361
| T G T
LU # *D%dg\leﬁf- SW 54 28.4 23.6 28.1 0. 349 0.415 0.352
; At bottom storey HW 138 | (26.2) | (19.7) | 28.1 | (0.859)| (0.463)| 0.403
—FL}ggiwj;r i SW 103 | 27.8 22.7 24.8 0. 371 0. 458 0. 415
store HW 298 | (24.2) | (19.5) | 20.7 | (0.372)| (0.478)| 0.444
y
! SW: ;4% Sapwood, HW: .0\#f Heartwood.
I
Table 31. ZFHEEECH T 5FEE /R E
Average values of a,/R at each group ‘of specimens.
Z 1§ ek L) Hh 523 %
Part of stem with | Part of stem with Part of stem at
) clear length crown B bottom
; 1 ‘ W s X 5 ol K
: umber umber umber
Group of specimens of @./R of au/R of «./R
; measure- measure- " | measure-
! ment ment ment
.| AL E | SW 100 32.5 130 32.5 49 32.8
£ B R B Slope | HW | 721 32.2 680 | 30.0 239 | 2.4
U t ] ’
P e e ptm|sw| o0 | a0 211 | 30,6 88 | 30.0
N-slope | HW 562 28.4 529 26.5 127 25.4
! WAt E| SW 50 32.7 54 "29.6 14 29.9
S-slope | HW 205 3l.1 223 29.3 40 24.4
BB OR B -
dt & @\ | SW 23 30.2 49 29. 4 26 27.6
Middle storey | N-slope | HW 62 26.8 123 23.8 71 22.0 -
trees
3 | SW 6 33.1 15 29.9 14 27.2
Ridge HW 22 28.6 23 22,1 27 23.8
|
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(Table 31 >25%)

MAtE | SW 62 30.0 51 28.1 40 23.6
S-slope | HW 268 26.2 99 23.9 124 19.8
T B K #Ff
b #tm| SW 70 28.9 57 27.6 36 24.3
Lower storey | N-slope | HW 242 23.4 - 112 22.5 109 20. 4
trees
23 5| SW 23 27.4 19 27.5 27 27.9
Ridge | HW 97 23.1 C 67 23.0 65 23.6

SW: %t Sapwood, HW: .[.#f Heartwood.

Table 32. [Efidh T 5 < GHMERICE T HEARDREE D, £
FMERD, W EEXKSRD2, FEE - LHMRODFE a,/R {H
Average values of a,/R of specimens containing compression
wood at each storey trees, each forest stand, respective

part of stem in height and sap- or heartwood.

HTH &< o H EoOW
Specimens containing Specimens of normal
e Bt K BE E - MO compression wood wood
Group of trees or part of stem wooE % HoE ¥
Number of a,/R Number of a,/R
measurement measurement
U 3t A o BB kB AEE: Upper storey 932 25.1 3, 482 29.8
v i a8
B KEE Middle storey 397 23.0 1, 047 28.0
Tree classes T/ A#EE Lower storey 618 18.3 1, 568 24.3
o M & M & | S-slope 1,046 24. 1 3, 149 29. 4
Jt & m N-slope 740 20. 6 2, 543 26.4
Forest stand | ye 4 Ridge 161 17.9 405 24.9
m " & # T #t Clear lenght 712 25.0 2,614 29.1
. . Bt % #4 With crown 593 24.9 2, 442 28.0
Height in tree i S #1 At bottom 642 18.2 1,041 24.9
Booe L K| #4 Sapwood 172 23.0 1,260 30.0
heS:rF:wgg 4 |14 # Heartwood 1,775 22.1 4,837 27.3

* Tablé 20, 21, 23, 26 %5745 From Tables 20, 21, 23 and 26.

FEARE, FAVTE >ICANE S HERRSARE, BT > B> WA, &% LM > LM & ORI, ER M
R EMELLHFALTV S,

FHELHKE, ThDHOHEALED D VIIMEOMAR B EIC X 5 EMBIKLENCS DT, XDF
¥y a,/R HOELARD, IEH MOEADE (Table 28, 29 %X 1830 A SFH) & BRI S L,
Table 33 I 5N3EHNTHD, TOXSHBALEBEHCENTD, TRNTHTELSOGMIE
WHCETHX 0 EBBEROKA XX 0L ) ICARIERS/NS S bSbh, 72, £MBHICRT
ZDObh HVOANERE, BHTOBNEOFVT, FLALEFMORALIANICSHD ZLBh LD
hd,

WU L L7 RS THOBAIC 0 TiE, FREBERSK & < 78 512200 TR BUIREE R LK 5
%ind (Fig. 17), Z0HTa s ilkhick v Tid, EWHMO R—a, HRICKT 5610 & R E
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MHTHCI T2 Tofn L 3EESINT, BRMC, EFHMOFHEITHEHLIL, »>o, Xh <\ grade
INMELTHObhSEMNZ LD LD EEbbhS,

Table 33. JEfadh Ta &< UMBOLABFHCH I >FEY o/R E
Average values of a,/R at each group of specimens containing

compression wood.

H T &L DL H ik i3 FAxx
Specimens containing Specimens of normal
A 2] it compression wood wood
i B oE B E K
Group of specimens Number of | @,/R | Number of | a,/R
measurement measurement

oAt SW* 20 31.2 279 32.5
B ok B S-slope HW 537 26.0 1, 640 30.8
Upper storey trees | b #} @ SW 33 27.1 345 3l.4
N-slope HW 342 23.0 1,218 27.3
M oA m SW 16 24.6 118 31.0
S-slope HW 210 26.6 468 29.5
wOREOA W Je & SW 13 22.3 98 29.1
Middle storey trees | N-slope HW 109 20.0 256 24.1
3 1] SW 5 17.5 35 29.3
Ridge HW 44 15.8 72 24.8
WA E SW 32 ©o21.2 153 27.6
S-slope HW 231 18.6 491 23.9

N [ A R
TR A B dt & |\ SW 37 18.9 163 27.4
Lower storey trees N-slope HW 206 17. 4 463 22.4
[c3 5 SW 16 21.3 69 27.7
Ridge HW 96 18.3 229 23.3
BT # SW 11 28.7 212 31.8
Clear length HwW 406 27.3 1, 194 30.5
i # i Bt & M SW 32 27.1 235 30.9
Southern slope With crown HW 292 26.9 1,002 29.1
i B SW 25 20.2 103 28.3
At bottom HW 280 18.8 403 25.4
BT #M SW 14 22.8 194 30.5
Clear length HW 249 22.2 866 26.7

A

At # o AR ] SW | 35 25.9 317 29.9
Northern slope |With crown HW 192 23.1 764 25.5
e B A4 SW 34 19.1 95 26.8
At bottom HW 216 17.5 307 22.6
¥F M SW 6 22.4 29 28.4
Clear length HW 26 17.5 119 24.0
o s Bt & SW 6 23.2 34 28.6
Ridge With crown HW 36 16.5 90 22.8
Hb B A4 SW 9 17.8 41 27.5
At bottom HW 78 17.8 92 23.7
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(Table 33 >3%)
EREATE SW 8 29.9 201 32.1
b Upper storey HW 416 26.5 1,283 30.5
53 T 1 =
Part of st h ﬂ?ﬁf‘ g g 5 22.0 79 32.0
art of stem wi 120 26.6 289 30.0
clear length storey
TRAR SW 18 23.6 155 29.0
|Lower storey| HW 145 20.0 607 24.6
EREKREE SW - 35 28.9 341 31.4
o Upper storey HW 310 25.7 1,209 28.4
BOE )
Part of st ith Flt:\l/[,?dflﬁj Elw 23 24.3 118 29.7
art of stem wi 145 25.3 369 27.2
crown storey
TR SW 15 23.0 127 27.8
Lower storey HW 65 18.8 278 23.1
R SW 10 26.9 82 31.7
Upper storey HW 153 20. 4 366 28.0
Hh £ ) FEATE
Part of st ¢ MiEddle SW [¢) 17.7 54 28. 1
art of stem a
bottom storey HW 98 17.8 138 23.1
TR SW 52 18.4 103 24.8
Lower storey HW 323 17.3 298 20.7
* SW: #t Sapwood, HW: .[\#t Heartwood.
**  Table 28, 29, 30 #5848 From Tables 28, 29 and 30.
't y‘z‘
g 10 °

- LBARY
—O—(Jpper storey trees
gg ARE

o i elingy ]
Trees at S-slope
_o— JUAHE IIRBE

6 - .
Middle storey tree Trees af N-slope
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stem in height or sap- and heartwood.
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Forest-biological Studies on Wood Quality (Report 15).
On the volumetric shrinkage of Todo-fir—the apparent value and
its relationship to the bulk-density.

Zisuke KABURAGI

(Résumé)

An attempt was made to ascertain-the variation of the apparent values of volumetric
shrinkage and of its relationship to the bulk-density at given conditions on the situation of
the testing material for Todo-fir (Abies Mayriana MivaBe et Kupd) grown in a natural
forest.

For this investigation, 68 sample trees were cut from a sample plot (about 0.4 Aa)
located at Atsuta district in Hokkaidd by clear-cutting, and the test specimens were prepared
from them amounting to 8,044 pieces. These specimens were measured for their volumetric
shrinkage and bulk-density.

The detailed descriptions of the conditions of forest stand and sample trees, and the
method of sampling test pieces and their measurements were the same as described in the

former reports.*

Variation of the apparent values of volumetric shrinkage

A search was made quantitative information on how variable were the apparent values
of volumetric shrinkage by the change of conditions for the situation of test specimens
related to the tree classes, the forest stands, or the parts of stem etc., and it was confirmed
that the variation of them could be comprehensively arranged with regularity in sorting to
several group of specimens, in spite~ of their wide dispersion and complicated appearance in
general.

(1) The average value of the apparent volumetric shrinkage (a, %) from all measure-
ments was 9.7 (standard deviation 2.56) %, and their range of dispersion was 1~21%,
which where larger than the values of specimens from an artificial forest stand of Todo-fir
(Fig. 1 and Table 1).

(2) The variation of ay depending on the classification of specimens based on the tree
storeies showed that the upper-storey trees had the largest @y and in order of the middle
and then lower-storey trees with smaller ones (Fig. 2 and Table 2).

(3) The variation of a» depending on the classification of specimens based on the forest
stands (direction of slope) showed that the trees at the southern slope gave larger a. than
the trees at the northern slope or the ridge (Fig. 3 and Table 3), and at each forest stand
the upper-storey trees always gave the largest value (Fig. 4 and Table 4).

(4) The variation of ay due to the tree heights summed up in the part of stem with
crown, with clear length and at bottom, showed that the largest value was given at the part
of stem with clear length (Fig. 5 and Table 5), the tendencies being kept at each storey
trees or at each forest stand as mentioned above in'(2) and (3) (Table 6).

(5) The value of ay.of sapwood was larger than that of heartwood (Fig. 6 and Table

* Forest-biological studies on wood quality, Report 5, 6, 8, 9, 10, 12, 13, 14, Bulletin of the
Government Forest Experiment Station, No. 61 (1953), 71 (1954), 90 (1956), 101 (1957).
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7), of which balance was larger in the specimens cut from the natural forest than from the
artificial forest. However, this tendency seems not to be a general regularity throughout all
tree species when compared with the cases of other tree kinds (Table 8). The difference
of ay between sap- and heartwood of this natural forest trees was trended in the same way
at each storey trees, at each forest stand or at each part of stem in height, and the
tendencies as above (2)~(4) were maintained at each group of specimens of sap- or heart-
wood (Figs. 7, 8 and Tables 9 to 11).

(6) According to the increase of the number of annual rings from the pith, @y increased,
and then gave an almost stable state from 20~30 rings to 70~-80 rings from the pith (Fig.
9), in which tendency the variations of @y as above (2)~(5) were presented (Figs. 10, 11
and Table 12).

(7) The variation of a» depending on the parts of stem at upward or downward side
of slope showed that the upward side of stem had larger a» than the downward side of
stem, keeping almost to the tendencies as above (2)~(5) at each side of stem; but, only
the part of stem with crown showed more regular difference based on the compass direction
than on the slope direction (Fig. 12 and Tables 13 to 15).

(8 The apparent values of volumetric shrinkage of specimens containing compression
wood were always smaller than that of normal wood, and nearly followed correspondingly
to the cases of normal wood as (2)~(5) (Fig. 13 and Table 16). But, on the details it

took more irregularity due to the grade of specialization of compression wood (Table 17).

Relation between the bulk-density and the volumetric shrinkage

The relationship between the volumetric shrinkage (av) and the bulk-density (R) which
had been considered as a significant indicator for the magnitude of shrinkage of wood was
reappraised. Then the R—a, relations were abstracted and their generality was confirmed
as follows:

(9) relation of R to a, obtained from all specimens showed that it consisted of the
following three parts; O the part increésing, then @ decreasing, and then ® increasing
(thereafter decreasing) @, according to the increase of R (Fig. 15). Therefore, the assump-
tion of a linear relationship between R and «, should be accepted only at this first part of
R—a, curve, and this part of normal wood specimens was nearly represented as a,=29R,
and of specimens containing compression wood as @, =27R (Fig. 16 and Table 18).

(10) The tendency mentioned above also applies to the other trees or lumber kind in
general, but there were some groups of specimens which seemed to have almost no meaning
to abstract these linear parts in R—a, relations (Fig. 17 and Table 19). Through all
measurements, as the variation of «, at each class of R had a very wide dispersion respec-
tiv'ely, the group of specimens comprising their optional section should be presented as a

very irregular R—a, relation (Fig. 18).

Variation of the volumetric shrinkage in relation to the bulk-density

The variation of the relations between R and «, depending on the conditions of group
of specimens was confirmed, and it was noticed that these relationships were presented with
characteristic differences based on the various classification of the specimens.

(11) The relations of R to a, according to the specimens from each storey trees showed
the same relashionship as mentioned above (9) in general; but, they had different grades
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with one another, namely, the value of a,/R (the ratio of the increase of a, to the increase
of R) was the largest at the specimens from the upper-storey trees, being followed in order
of ‘the middle and the lower-storey trees (Figs. 19, 20 and Table 20).

(12) The variation of the values of @,/R due to the forest stand showed that the trees
at the southern slope had the largest value and in order of the trees at the northern slope,
at the ridge the smaller one (Figs. 21, 22 and Table 21). This tendency was presented
similarly at each storey trees, and the tendency mentioned in (11) was presented also
similarly at each forest stand (Fig. 23 and Table 22). )

(13) The maximum value of «,/R according to the tree height was given at the part
of stem with clear length (Fig. 24 and Table 23), which trend was similar at each storey
trees or at each forest stand, and the tendencies in (11) and (12) were nearly kept at each
height in tree (Tables 24 and 25).

(14) The value of a,/R of the sapwood was larger than that of the heartwood (Figs.
25, 26 and Table 26), and their balance was larger at the natural forest trees than at the
artificial forest trees. This was in the same trend at each storey trees, at each forest stand,
at each part of stem in height and at their combinations, keeping to the tendencies as above
(11)~(13) at each group of specimens (Figs. 27 to 29 and Tables 27 to 31).

(15) The values of «a,/R of the specimens containing compression wood were always
smaller than that of normal wood, and their variation nearly followed correspondingly to the
cases of normal wood as shown in the above items. However, when the bulk-density exceeded
the limit of about 0.6 g/cm®, the values of a,/R were situated in an almost coincident range
at both group of specimens containing compression wood and normal wood (Fig. 31).

(16) From the above results of observations, it can be said that the apparent values of
volumetric shrinkage of each group of specimens at different condition for their situation are
determined in combination of the characteristic appearance of the bulk-density at each group
of specimens with the property giving the dissimilar volumetric shrinkage for the same
magnitude of bulk-density at different group of specimens.

This fact means that it is not enough to consider only the specific gravity as a control-
ling indicator for the volumetric shrinkage, and a search must be made for other biological

indicators additionally. At the present stage, therefore, there is no more discussion.





