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Change of TERAZAKI’s Tree-Form-Classification and YOUNG’s Modulus in
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ELT, WHEREZEL L REMEERIC LB E, BREARMNBELEL £ L THRIRK
#EET L0 H LA LREMEE: (23) 2, MOBEEEER (1) 2HWZEBNLHED
HALNTEL, L2L, WINIBRONR LOBEICE D TGERSITOITE Y, AM
DYBRLEEICOVWTIRFEFRINTI o7,

ARG (12, 13, 14, 15) 2 & » THEM. & NS ARDBREIT > 7% (LTFY> 7k
Be33) oRIEERY, RN THENERMIC, LerbBRIcT) 2L TE, 522N
FHEIIEBENIC AN OWEN L EELTET 5 2 L 9TE 5 (24), £ 2 TABIRTIE, WE
B TBEICB AR Z BT ODBKRICOWTHET 5726, B THARDY > 7{EEOHE
BB L DFEIT L - TTY, Sk 6 ORRE TH 2 FBROBMARRE 5Bz 2T, BE
KB AMARE2ERT 2R oBE 24T &zl

SEARD Y Y FRBUIBTEER, THFC L > TRELZEIHREIN TS, T4bDb,
L (28) 13, AXEMKMEFEL T, XL G EEHREDIHRAR TIZ 60~110 t/cm? D b
D%, FEMLBEEEHREN L D TIE 50~70t/cm? DL DHE W E LT b, ANH S (20,
21, 22) LHIEMEY > JREIINERTERYH B LR, FEFESL (10, 11, 17) b F
=Y CREEBEESY 7 o— ETHENS LT EERLTEY, FIRS (7)) LELFF=
VTR HEER, ¥ IRES 7o - BTERIIH DY, Y IREORGEREE (RENE
f£57) 120.13 EPENERRTVE, EHICEH (24) ATV TYrr 7N 7 u—
EREEICEETHL I, RBHBMANEIAEWEZ L, BENICY Y THREDWEMYT 5 &
LTwW3, T8RS (2) b, Y>7HRBRER 7o BETEYYH Y, ZNLERIRET
HdrAXTn3E,

Kicha (19) 13, ARV BIERBICL 200, Yo JRBIEI R SR TERE AT
52k, AX DA, 25~28 FARIC IR REOEH S EARERE R 1.7~2.2 512
FETHLLTWE, 37, K& (30) »REARLEEEBEETIE, SEIC L - Tr> ZREES
B - TL 59, MEHALONEE CHBEERDMERLITET L2 TEBL L LT 5,



46 LHPER LRI EHRT RS $53% $£15

ZDEHIE, T IEBUIERER 7 u—2, BROEML, E5ICRTHMETERNH LD
EDRDHLNT 50, FREEHLE Y 7REIIITHBAIDBEEL D 5 DT, WELLHY
Y7 RETHRSRDMMENZ LR CELXZ XWEIITEZ NS, AFETIE, Zhb0H
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Table 1. Guide description for the classification of tree-form class by
TERAZAKI's method and some thinning types based on it
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2. HBRMoOHR L HRBROEE

ARERMIE, Jb¥EERILES 2 EET RIS ATE 3 2 AL RS 1 5 S AR 4 AREE
(B— 1) »AX (Cryptomeria japonica D. DON) ATLIEMHICHEI NS, WINH G HE
MU FRMAE T FIRFIEICE L T\ 225, MBI ES 366 m OKFENOERHEICH - T, 3
SHORER 200 m BRI 5= B L Twa 20 EH 720 258 <, &I ARE, LIKED
T BAFEDTHIE, FIC HRHERR A 5 BB LW { BREIZR 5k Tz <, Al
FHHEEROBARDEF2ZFE L CHEL Twd, HEKOZ ) L2BEFGO LT, REHIZ
= 100~110 m OEBIRD A e W HRBER 2 2 BFRIC H - T, BRI EEROMREES L)
Th (4, 5), HBRBOEFKLTERMCEA, TEOBILFEIR LV (29), RBEITEED
SR 9°C, FHMKER 1,300 mm T, AMERIZEIRBN TN 1m TH 2, ZOHEIC
fEH L 7z 2 X pkiid 1957 FReApitic ha 272 0 3,000 KRR S 41, 1981 4E12 55 1 Mok
AEREMRE 13.6% B L U 20. 7% TEHBI N T 5,

AR T, MR 13.6%0EMKtA 5 0.1ha(20 mX50m) 23 A CREM 1 L, FL
< 20.7%D )% b FERRICRA THRERL 2 & L, 1987 FC 58 2 MR 21T - 72, Z dfjfkic &
726, ABRMECHERERE D<), RBMNOLMR (BB 113 1924, KBE2ii
166 &) iIC DWW, B— 2R Ak & i v 7 58% (Es) 2 0IE L 72, B f ki,
P s (7), F&ES (10) »HATWE L SIS, X AOH FE 180 cm Of7iEIZKE R 120 cm
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Fig.1 Location of experimental plots in the Fig.2 A schematic diagram of the apparatus
Hiyama Experimental Forest, Hokkaido for the measurement of YOUNG’s

University. modulus in bending of a standing tree.
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BE—-1 2 EME#Eo K81 oM (19874)
Photo1 The forest stand of Plot 1 after the
second thinning (1987)

BE-—2 2 mE&kEORBRM 2 MM (19874)
Photo 2 The forest stand of Plot 2 after the second thinning (1987)
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720380 cm DEFREEL, £NERmICHEL NHEZHNT, £ OXMEICHE L 722 100 cm D7
bARWEHRENDR, DV E120cm DEICRIMST 2 —ick D ebAREZH
EL, knRick v 7% (Es) 25HE&EL 7,

SP-M

Es = 2 78 (T1z0 — t)*

ZIZTC, S bARESHSENEZ (100cm), M 2bARAIESICr» 2ITFE— 2>
F=W-(L+rs), 0 BBROBITbLAE, » HEAR W HNE L EFT7T-20EE,
Fiao | B2 180 cm OB, 11y © B 120 cm OBIEERE, t, | BIEF, H40E cm, kg T
b1, BEIN? Es 0BT kg/cm? TH 5,

EBNBIEBITEAROBEERILIIC, ERXT2BOEE 2 HRAIT D TTY, BIERDERE
o7, EE2HFHOBERZEINFNI0BLRNICEEEL L5, MEFRYEL 2. 18BN
HUFEALA0.2~0.5mm D & &5, BHAELEEEERL L VWDT, ZoEEICES L35 &
SEFT—24LIZ80cm & 120cm, #&EIZ 12kg, 15kg, 75kg B LU 80 kg % ladbtT
BEL, BEXT2RNER2 FMDOEEELRIEMEE Lz, ZokE Mz snlEhig, Bk
RADEMAOBIURY H - T, T 12kg/em? LIS Too 72728, RRRKEEHILL K- 72,

DECHERER & A LAOBBRX S, i WSEEFEEEL T, #HERXSD B
BRI L T, RBub 1 TIdRMkER (REERUTREL) 8%, B2 Tk Y%K E
EMGL 225 F5H L LT 0.1 ha DBRFAKHDABRM 1 T3 1774, REM 2 TiE 43K %,
M40 ha %72 1) 3,000 4 & L T, BREFRIZZNEFN59%, 48%TH -7z, RBEHNHE
Kic DT, BHES 241, 1987 E£NRMMKET & 7 F£4£00 1994 iRl — A & 2 HRRX S &
X SREBOBEZIT, MMRAIBR U 7T FEOMGEBE L, Yo 7REOEILL KL 2,
Yo rRENORER, R 2 TiIekR, BB TRERD TR OWTUT-» 2. £,
BigR (25) Ti3, TAARBEIEL NG o220, BAEEIBD LN - Y THRE
EIEEEE OBOBEBEE, FEEBiOR"EHWGHEL 72,

3. R CCEE

HERHM 1 & 2ICBVTE, ®— LICRT & ) 2BRRES & BERKICE L 25FEORMK
24T->THB Y, ZoMUHEIE & MR 7 FEORPEEDELIR, TNENEK-2, 3DEBNT
bb, Thbb, REM 1 DOEMEETO ha B ) DSAKE & #HEIE 1,920 &, 402 m®, REH 2
DFNIZ 1,660 4, 362m° T, KB 142 ICH~TEET16%, METLUREES, -2,
L L, AROMEERE & BEEcOw T, F5 18cm & 14m THREEBVWH L, $12
EEREMED L ) b d L Hic, METFL S ALHRARNEEREICS W TLABRMBIC L 5
B A LN > 12, ZOMG b REM 1 Tld A T 8%, RBRM 2 TI3 4% DML 24T -
728, BEICERL Twv 3 oMK% CEBEFNEIIREALN L -2 (K—-2, &—
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£—2 HEBM ] ORURET - % £ 19945 DR EENEL
Table 2. Changes of forest stand structures before and after thinning, and in 1994 at plot 1

19874  FHARE)

" Wooo®  E & 1 =
o FE ME iy EEEREE KB #HE P EREE KERE
# (m?) (cm) (cm)  (cm) (%) (m) (m) (m) (%)
1 56 17.09  16.4-27.7 21.4 2.38 11 1420 16.2 1.19 7
2-b 47 877  12.3-21.9 17.4 1.96 11 10-18 14.4  1.47 10
2-d 37 9.58  15.0-26.7 20.0 2.50 13 13-19 152 1.34 9
3 42 414 9.5-17.8 13.3  1.90 14 10-15 12.3  1.56 13
4 10 0.64 5.5-15.7 10.8  2.85 26 515 10.4  3.57 34
24k 192 40.22 5.5-27.7 17.8  4.09 23 520 14.4 2.29 16
19874F Fk%
" wWooo® & i #
o A% MR # B P REEE FoRE% &l P EREE ek Mt Mk
(m®) {cm)  (cm)  (cm) (%) (m) (m) (m) (%) % ®Y)
1 53 16.20 16.4-27.7 21.4  2.42 11 1420 16.1 1.19 7 3 (20)
2-b 46 8.62 12.3-21.9 17.4 1.98 11 1018 14.4 1.48 10 1 (D
2-d 33 8.41 16.6-24.8 19.9  2.28 11 1319 15.3 1.26 8 4 (26)
3 41 4.06 9.5-17.8 13.4 1.92 14 10-15 12.3 1.58 13 1 (D
4 4 015 55126 95 3.1 33 5-9 7.0 2.31 33 6  (40)
%4k 177 37.44  5.5-27.7 18.0 3.95 22 520 14.4 2.28 16 15 (100)
19944
- Wmoo® m & B &
MR M B R ERREE EERK wWH P ERREE BN
& (m®) (cm) (cm)  (cm) (%) (m) (m) (m) (%)
1 45 22.08  21.6-32.4 26.9 2.53 9 1520 16.8 1.10 7
2-b 50 16.30  18.8-26.4 22.6 1.86 8 1418 155 0.9 6
2-d 9 035  20.4-26.1 23.6 1.93 8 14-17 15.0  1.00 7
3 68 12.88  10.2-23.9 17.6 2.95 17 10-18 13.6  1.86 14
4 5 0,23 5.7-17.1 7.9  3.97 50 6-11 9.0 5.03 56
________________ L e e e e .
24k 177 51.84 5.7-32.4 21.4  5.04 24 6-20 14.9 2.18 15

) () WiReRe b9 2 SHEREOHREIE TH 5. RBEMOEMII0.1haTh 3,
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Table 3. Changes of forest stand structures before and after thinning, and in 1994 at plot 2

19874F  FHIRHT

- W oA Em & it #
B kM M i B FW EMEE TSN @B VY EREE THEK
# (m?) (cm)  (cm) (cm) (%) (m) (m) (m) (%)
1 52 17.04 18.7-26.6 22.5 2.01 9 14-18 15.6 0.82 5
2-b 37 7.07 11.0-22.1 18.0 2.42 13 11-16 13.8 1.10 8
2-d 29 7.29 16.9-24.4 20.3 2.23 11 11-16 14.4 1.09 8
3 37 4.12 11.8-19.5 14.6 2.31 16 9-16 11.4 1.58 14
4 11 0.69 9.1-15.0 11.2 1.63 15 7-14 9.3 2.06 22
24K 166 36.21 9.1-26.6 18.6 4.17 22 7-18 13.6 2.29 17
19874F  PiItRi%
" W B O 4 B &
WOORM MW & B T ENEE BN GE PN ENEE EEMEN BRI
# (M)  (em) (em)  (em) (%) (my (m) (m) (%) A% E®)
1 52 17.00 18.6-26.6 22.5 2.01 9 14-18 15.6 0.82 5 1} (0
2-b 35 6.80 11.0-22.1 18.2 2.36 13 11-16 13.8 1.11 8 2 (9
2-d 20 5.00 15.9-22.8 20.3 1.89 9 12-16 14.5 9.83 68 9 (39)
3 31 3.40 11.8-21.5 14.6 2.39 16 9-16 11.2 1.55 14 6 (26)
4 5 0.30 9.7-12.0 11.2 0.92 8 7-10 9.0 1.41 16 6 (26)
24K 143 32.57 9.7-26.6 19.0 3.97 21 7-18 13.8 4.20 30 23 (100)
19944
W & # & B &
BWOAM MK BT EMEE ERES 0 BE TS EREE SREN
® (m?) (cm)  (cm) (cm) (%) m) (m) (m) (%)
1 47 23.52 22.6-34.4 27.6 2.62 9 14-19 16.2 1.05 6
2-b 44 15.23 17.2-28.6 23.3 2.39 10 14-17 15.3 0.79 5
2-d 3 6.97 20.4-27.7 23.4 3.82 16 13-16 14.7 1.53 10
3 41 7.89 13.1-24.8 18.5 2.89 16 11-15 12.8 1.34 10
4 8 0.75 9.9-19.1 14.1 2.76 20 8-11 9.9 0.99 10
24K 143 48.36 9.9-34.4 229 4.92 22 8-19 14.5 2.08 14

) () ABEOREKS L URBoamEHEIE, £-2:FL,
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3)e Kiz, MR 7T HBORRE A S L, HoMEII ha B0 ic L TREH 1 T 144 m®, B
2T158m* ML TBY, THEMOMRGEERIIZNENL.6% L 5.6%ThH-12, 7z, bk
DEHDMEEREBR/ICOWTE S L, BEEICOWTRBIREEDL ) ¥k - 2h, WEE
BizBWwTi, FHICLTT7THEMHI 3 cn BEOK) ZH LN,

KICHAROBERIZ OV CHERE 2 45 &, WaRBHE LI 2-d L HE S BRI KIRIC
WALz EE, 3BADOEMPEFICRDLNL, 2, WROEARLALINS LA
DWTASE, B 1 T3 29.9% (B, DUTRLL) »5 25.4%ic, REM 2 Tid 36.4%
6 32.9%iIcHREL TEY), MARIE LICERS TIEIH 2RI VEBH LN,

F— 413, MMAREE XK 7THERICBT oKDYy 7REDENLERLIZLDTH S, T
Tbb, Z07TEBICSEROTFEETHRERM 1 TiZ 15% (52.13t/cm? % £ 59.89 t/cm? i2),
B 2 TlE 17%(56.23 t/cm? »* & 65.71 t/cm? i2) DY > THRED LA»RBH Lz, 7z,
IS DR ZBARRE CHE L 22354, EHHERL 1 KoY > ZVEE#EIIEHE KRN 3 oK
RHARTRREAMEE 2> T3V 555, 20 7TEBICHEMET 10~20% 0% B 7z, 72,
MRBBOEEMEEMICEIND LS, Yo 7 REOBEEREBRZEIE» Tl b B h A EL
ToTETWBIEN) hbILL,

#—513, WEER, B&E, Y /7 EEOBRERRS NG RLIZLNTH 5,
T4 bb, 1987 FENRULEIE & 1994 2B\ T, MRBRBOMEELE, &L L SHERMT
0. 1% KEDHFESRBD LN, DT EH b, BRBRRMIMEESE, #MEoXKSIc+H4E8%
ThHdENZ LI, —H, ¥ 7 FEBIc OV TH, 1987 £RUKAERRIC BV THESZDH H 1,
ZHZEh s, HEEEER BEBRETY Y SMREICECTbL W LT,

Kiz, I—3:tR—413, MROMEERERL Y 7FRELDBEELZRL72LDTHB, W
RBME LI, EEFERLEEAR (1K) x> FBREHFBL TEL, SicERENNDEB
RKDOFNDHKRL TENERD D HhbiLd, 2 DREM 1 DFEALIT 192 Tr=—0.2220, &
Bt 2 OFAAKUL 166, r=—0.5681 T, & bic 1 RKETHEFED LN, T b DR
i3, ThETEHRESIN TV ERKIREMOBEORIFIBEFREZEMFIT T2 LFEL L0 5,
ZHZ EIICBLTHIRR (25) TIIMERICHBLMBEYRD L NLh» -7z, BIEOFARERICIE
MR EBAVERIN T2 &, FRRIRICHEICBEMRT 2BMEL K20, ERIR
PR TOMOBEITS 2V E (8, 9) b, TRLZRELLZEROLHBEELIER
PR oL FEZ LN,

sz ki, ¥ FREOTESITICB VT, 1987 £k EOREM 1, 1994 £ R
Bl & 2 TEEIBEOHLN L -2, ZE—I2iE, 48BA, 3HRO—HLRUEBEK
GRDEL L KE, FRFPZHRARSHEHERICL ) kb2, 2RI L ) AR
2+ B R, BEBNDERFS U k> TEZictdbneEzons,

F— 613, 1987 FICHERE G I NLMWARDY, THEREDELHICHB L2 2RLZLD
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E—4 SBM1, 2128 2EMRT - £ 2 1994F0BREIT v SRENELL
Table 4. Changes of YOUNG’s modulus in bending of trees before and after thinning, and in 1994 at

Plot 1 and 2
ABi 1
19874F 4% Ay 1987 R 1% 19944
i) B ZE B¥E ZH) B TH
Y 3 LI 83
%& #E  F BE W P e @wHe Ty BE E% A
t/cm? t/cm? t/em?® % t/cm? t/cm? t/cm? % t/cm? t/cm? t/cm? % %

1 33.2- 51.56 11.02 21 33.2- 51.29 11.21 22 33.0- 56.89 11.21 24 111

80.2 75.9 82.3

2-b 30.0- 54.19 11.43 21 30.0- 53.97 11.46 21 44.7- 63.48 11.46 17 118
76.1 76.1 84.3

2-d 22.2- 48.07 12.34 26 22.1- 47.75 11.72 25 44.0- 57.00 11.72 15 119
83.9 83.9 62.1

3 32.8- 54.38 12.72 23 32.8- 53.94 12.55 23 37.2- 61.97 12.55 29 115
82.4 82.4 89.1

4 33.6- 60.34 15.48 26 40.8- 59.69 17.13 29 42.9- 57.29 17.13 43 96
7.7 75.6 85.6

B 2
19874F R B 19874F itk % 19944
i) mik EE) i ) i T
U] o3 ) 3
% WP Joy wE Ty OV - O

t/cm? t/cm? t/cm? % t/cm? t/cm? t/cm? % t/cm?® t/cm? t/cm® % %

1 26.4- 50.76 8.34 16 26.3- 50.76 8.3¢ 16 33.0- 60.56 15.76 26 119

65.0 65.0 86.8

2-b 27.8- 57.68 13.76 24 37.2- 58.23 13.05 22 34.8- 66.89 21.16 32 115
86.6 86.6 158.0

2-d 31.5- 52.92 13.63 26 31.5- 55.48 14.52 26 57.7- 69.00 9.84 14 124
84.8 84.7 3g?g§

3 18.4- 61.48 14.22 23 42.3- 63.05 12.19 19 135.1 68.78 17.19 25 109
82.5 82.5

4 53.9- 68.27 13.12 19 53.9- 59.86 12.69 21 57.3- 72.57 11.83 16 121
88.4 82.4 88.2

£ 18.4- 56.23 13.28 24 26.3- 56.23 12.35 22 33.0- 65.71 17.95 27 117

) A- (199450 Fy, /19874 D Bk D) X100
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Table 5. Analysis of variance for DBH, height and YOUNG’s modulus in bending of trees among
tree-form classes
B 2HKRT df WEEE BE Bl v 7R%
SR F SEHIE R F SEETE R F
19874 1  HEGRR] 4 559.45 109.70* % * 135.72 55.62% * * 417.60 2.90%
MGH  wmees 17 S0 2 14409
2 BRI 4 523.41 109.04% ** 155.25 102.81% ** 1,141.21 7.48% *
BIARAN 161 4.80 1.51 152.52
19874 1 HRERE 4  479.53 100.36*% ** 144.63  73.39% *x * 297.23 2.13
Med MR 172 478 LT 1969
2 AR 4 399.76 86.69% x x 127.15 8.81% * * 804.00 6.02% % *
AR 138 4.61 14.43 133.65
19944F 1 HERRE 4 836.73 127.72% x % 117.29 55.41 % * * 126.67 0.58
o mmes v ess 2012 21998
2 BRI 4 613.80 86.56% k% 113.29  97.42% * * 524.61 1.66
HRGRA 138 7.90 1.16 316.46

W) * 5%KECHE, ** 1 %BRBRTHE, ***0.1%KETHR.
19944 5B 1, BREiF v > Z7REOBEEN, WAGN AL EREN L LRTH S,
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THDHEMZER-122), IBRCOWTAELES, THEEDL 1HKEHES LMK,
B 1 TII 53 AN B 29 &K (55%), REM2 TR 52405 5 39K (715%) T, B i3k
PETLTWwa, KIC2HBREALES, TRRCBITLZEMERLH 5D, —HicBWT, 2
BARD 5 1 BARNEAT L 2B S EB 1 T16 4, B2 T8AZBHLN, ZnEHick
BARBTOBATII BN Z VL ) TH 555, TREAL L LEARNOBATIIFHE %L, 1HARN
DOBATIZERETH - 72,

F- T3> 7FfEE 10t/cm? S LKA L, &— 6 Rk, 7TFHOBEEOEEHERL
LOTHL(FHHIZERN-122), - 4DEHTRNIL )iz, &KoY 7RO FHER
AB 1 T15% (7.8t/cm?), RB2 T17% (9.5t/cm?) LR L T3, Zh% 10t/cm® =
ENERSTHB L, 20~29 t/cm?, 30~39 t/cm? XA TidPAEVRA~BITL 2L Dl EET
HN, 80~89t/cm? KRG TREVRFIZHATL 2L DL, KB 2 TLADATH S, 50~59
t/cm2 X E AL E, REBH 1, 20 TIBTETIEN S b, 40~49t/cm? U TFOR~BAT
L 7Bk 7 7, 60~69 t/cm? Pl EDRKICHATL 22RKIZ 39 AT, 50 t/cm* Ric X ¥ > T %
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BRIZ 25 A THY, B U FIMOR L VBITLTET, 1994 Ficid 594 L 2> T 3, |
BIZ 60~69 t/cm? XT3, RBH 1, 2 DAFHT, 19874 42K D5 b, 50~59 t/cm? LAF
DREAFAT L 728K 5 %, 70~79 t/cm? Ll EDRAFEATL 228K 17 & T, 60~69 t/cm? iz & &
FoTWAHERIZ20AE, B UARBMMOX L VBATL TERMBEKRTHY, 1994 FI12i3 64 K &
ToTwbd, ZNDEHIT 1987 4L 1994 E T FTRBUILERDERET LR L T35, &
Hoy > FREUE, TRENEM, BAPELwEwZ L),

-6 MR 7 FHROBERKSHEL
Table 6. Changes of TERAZAKI's tree-form-classification in 7 yesrs after thinning

B 5y B i 1 = B’ - ) 2 & #
1987 7ML 1994 1987 7THEMOE(L 1994 1987 1994
(#) (&) (&) (#F) (#) () () (&)
1 53 1 29 45 52 1 39 47 105 92
2-b 18 2-b 13
2-d 2 2-d 0
3 4 3 0
4 0 4 0
it 53 7t 52
2-b 46 1 5 50 35 1 5 44 81 94
2-b 23 2-b 16
2-d 1 2-d 1
3 17 3 13
4 0 4 0
it 46 &t 35
2-d 33 1 11 9 20 1 3 3 53 12
2-b 2-b 13
2-d 5 2-d 2
3 8 3 2
4 0 4 0
Eis 33 &t 20
3 41 1 0 68 31 1 41 72 109
2-b 0 2-b 1
2-d 1 2-d 0
3 38 3 26
4 2 4 4
3 41 &t 31
4 4 1 0 5 5 1 0 8 9 13
2-b 0 2-b 1
2-d 0 2-d 0
3 1 3 0
4 3 4 4
it 4 kil 5
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®—7 MMR7E#oOYY THRENEL
Table 7. Changes of YOUNG’s modulus in bending of trees in 7 years after thinning

¥ 7RE # B - ] 1 & Bx i 2 & #t
1987  7TERMOE(L 1994 1987 74ERIE{L 1994 1987 1994
(%) (&) (%) () (&) (#) (%) (&)
20~29 t 0 30t 0 0 1 30t 1 0 1 [}
it 0 B 1
30~39t 13 30t 3 5 6 30t 0 7 19 12
40 4 40 2
50 3 50 2
60 2 60 1
70 1 70 1
80 0 80 0
i 13 it 6
40~49t 33 30t 2 18 41 30t 4 14 74 32
40 11 40 8
50 9 50 15
60 7 60 6
70 2 70 5
80 2 80 1
100 0 100 2
i 33 gt 41
50~59 t 22 30t 0 20 49 30t 1 39 71 59
40 3 40 3
50 5 50 20
60 8 60 12
70 4 70 6
80 2 80 6
100 0 100 1
i 22 il 49
60~69 t 20 40t 0 31 22 40t 1 33 42 64
50 3 50 1
60 10 60 10
70 6 70 10
80 1 80 0
it 20 &t 22
70~79t 7 50 t 0 15 15 50 t 1 30 22 45
60 3 60 2
70 1 70 5
80 3 80 4
100 0 100 3
£ 7 5 15
80~89t 2 50t 0 8 9 50 t 1 13 11 21
60 1 60 2
70 1 70 3
80 0 80 2
100 0 100 1
B 2 Eil 9
100 t ~ 0 0 0 0 7 0 7
Xt 97 97 143 143 240 240
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4. 5 b Y I

Sl (26) 2 ¥ 101 5% 1,721 A D Chlifik 50 F£ROBRE M 217V, 50 4 DGk
ML RELFHD 5 20LLARICA B Z L2k % 0Mid 70% 0540 FEDBETH ), 9EET
20 RELANIC & - 72 B D 50 4F4 B T 20 RELARIC A B FERIZ 10% Th » 7z LR T Vv 5, K
BTOBEKR (1 BAP2EAR), HBAR B 3BKR) a3, »< FTLagNToiEN
HZBR THO L, N LFE T o Vv, iz, HECHEERORBESICL > TET 4
BZEEPHRA T TEWI EHNFHIFRENE, ZH) L hb, b IRWEETE
RERDDIDICIIMBEIHDETH A, Fh2E - 6IRLZEIR, FRoT ALY ) BHK
RIZIBBAIRNAINIZETHRE > T 22 b, BMREOBICITHN S BBREK 41T,
HLEFTHLLUANHEICH L THSEER L L THHATIZEPEZ L WEIIEELLNS,

AXERARATIHRE FH TR E&Eicam L, EEEHrdtl e - Tw2a, BRS
(3)IFAXOBE LBE L DBRIZOWT, RXHMOMEIREM, BHERSMEL L TOR
RICOLRCBIRL, ZALHICRIREOMBLAREVI L, FLRUEAXORRRZIAE TS
P TES LA KBEAX LIZIBEAILTH 5D, HEFIVNE (KRN TETH B R
5, $2TRE6) b, b ARMILMH BB Z ZHMILE PN IR 30 £AUCHR S Lz 2 F i3k
HEEWTH Y, AR FEERENDZAX LD v FTREBEHIE T EEHBEL T3,

—H/hR (12) BEERAMOEEL2 BB E L ATIKTIE, &IV 0Es, K25 E0
ET80t/cm? LLL, b Py s, 60t/cm? L EXEE L v 2 BT 5, BRBHNEE,
F-4lom L&)z, AXITHEETEEG60t/cm? (HREM 1) L 66t/cm? (REM2) 2% -
T3, R-3, R—4icabib L iz, FRENOKE LDy VEEs—KICHE
(, FRBROEC 1RANS BB 2 A TR LV EIEICh 5, LirL, il
Bl ), WEERIFIRE LI ONT RERIEEAS L e THLEREI RS L), Fhic
ONTX > THREDEE ), RBICHEETE L TOFBE 7V TLTW kSR B EEZL
na,

P, Yr 7@FEEREBrEB caiconTtHmT s2Easr@Zosbnsd, FEikick-T
DY), F20MMORRLEFTRECS > C—HTRRTW, —F, BERICOWTY
fARDEE BB LD, ZHZ b, REEHL I LI L E LT, ¥ 7 ERIIHRT D5
BERSLIBOFHLEN D, $72, ARBMTERL T 5FBRN BERMEIC#
U7-fifEkis, BBEAREBD AL, ERICANETCTH ETETHEZ s EPbIFonk
Jeo B, X IHREE MK L BEERRX S ERETL T iz, SR L RIE T RE Lk
BOER, #li3TRE, BEOFEIK, i) FE0HE & vy 7R L DMEBE%IC O OWTE
T BEFBHBEFEZ LN, ZRLHICEL T, 9BBE2B R 2T TV FET
H5b,
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Summary

New standards for structural timber from coniferous trees have been established
recently in the Japanese Agricultural Standards, based on YOUNG’s modulus, which means
a mechanical ranking classification system now applies to structural timber for con-
struction.

Up till now, trees have been classified by tree-form-classification at the time of
thinning. Their standards depended on characteristics of outward appearance, and not on
the physical strength of the timber. Thus, a selection method which includes consideration
of YOUNG’s modulus will become necessary for the cultivation of coniferous trees.

This aim of the present study was to analyze changes in the stand structure and
YOUNG’s modulus, before thinning and 7 years after thinning, at two experimental sites
(Plot 1 and 2) in an artificial sugi (Cryptomeria japonica D. DON) forest situated in the
Hiyama Experimental Forest of Hokkaido University, which was planted in 1957.
Ko1zuMr’'s method was used for the measurement of YOUNG's modulus. YOUNG’s
modulus was measured at breast height, as past studies have shown this shows the tendency
of the whole stem. TERAZAKI's method was used for tree-form-classification.

The second thinning was carried out according to TERAZAKI’s B thinning method in
1987. The thinning rate was 8% in Plot 1 and 149% in Plot 2.

Over a 7-year period, the stand volume increased to 144 m® in Plot 1 and 158 m® in Plot
2. The increment percent was 4.6% and 5.6% in Plot 1 and Plot 2, respectively.

The result of TERAZAKI's tree-form-classification in 1994 was somewhat different
from the result in 1987. Some of the dominant trees changed into inferior trees, although
inferior trees seldom changed into dominant trees.

A non-proportional relation was seen between the tree diameter and YOUNG’s
modulus. YOUNG’s modulus of first class trees in TERAZAKI's tree- form-classification
increased 10% ~20% during the 7-years, but still remained at a lower level than 3rd class
trees. YOUNG’s modulus increased as the trees increased in age, although there were
individual variations fluctuations. It was also presumed that the increase in YOUNG’s
modulus is affected by the environment.

From the results of this study, we conclude that YOUNG’s modulus can provide valid
data for the final cutting age of stands, and TERAZAKI’s tree-form-classification and
thinning according to TERAZAKI’s B thinning method is useful for the breeding of superior
trees of final cutting.
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WHE—1 (ABg1)
Data 1 (Plot 1)

18K f#RK BoE OE & # =3 BRI 5 X SR E

# 5 (cm) (m) (t/cm?)

1987 1994 1987 1994 1987 1994 1987 1994

- 1# D511 18.6 21.6 16 16 1 1 65.0 62.5

505 19.6 24.5 15 16 1 1 53.8 50.8

513 19.9 25.1 16 16 1 1 60.4 58.6

531 20.6 27.4 15 18 1 1 44 .6 82.3

598 19.0 24.5 17 17 1 1 53.5 i

646 20.2 24.5 16 16 1 1 58.1 -

536 21.5 26.1 16 18 1 1 48.9 40.1

538 22.9 28.0 16 16 1 1 49.1 33.4

553 21.4 26.1 16 18 1 1 62.7 79.6

567 22.0 25.8 18 18 1 1 67.3 65.5

614 22.9 27.1 16 16 1 1 41.1 -

633 21.3 26.1 17 17 1 1 58.6 -

640 21.3 26.1 16 16 1 1 46.2 -

720 21.3 27.0 16 16 1 1 42.5 —

722 21.3 26.4 15 15 1 1 47.1 -

501 23.4 27.3 14 16 1 1 42.2 35.6

544 24 .4 29.9 18 18 1 1 62.4 61.3

564 24.2 29.6 17 17 1 1 34.4 64.9

602 24.7 30.2 16 16 1 1 51.4 —

625 23.5 27.1 17 17 1 1 47.2 -

670 24.2 29.9 17 17 1 1 51.5 -

686 24.7 29.0 16 18 1 1 49.8 65.3

715 24.5 29.0 17 17 1 1 37.8 35.1

724 24.4 29.3 17 18 1 1 37.2 44.9

736 23.4 30.6 17 17 1 1 37.0 —

502 25.6 32.1 15 18 1 1 53.8 75.0

626 25.3 25.5 20 20 1 1 38.9 —

698 25.8 29.6 18 18 1 1 33.2  59.5
. 696 . 21.7 . 0.6 18 18 1 ___. 1 43.2. o

—2b#k 515 18.8 23.2 15 15 1 2b 50.0 45.9

522 18.6 22.9 16 16 1 2b 46.9 44.7

611 18.0 21.6 15 15 1 2b 44.8 -

556 20.0 24.5 18 18 1 2b 58.7 47.0

560 19.1 22.0 16 16 1 2b 75.9 65.4

561 19.6 23.6 17 17 1 2b 39.8 56.2

580 20.2 24.8 17 17 1 2b 73.6 63.9

584 20.8 24.2 15 15 1 2b 35.5 53.9

591 19.5 23.6 17 17 1 2b 69.9 —

592 19.6 24.5 15 15 1 2b 58.8 -

632 20.2 24.2 16 16 1 2b 39.2 -

635 19.1 24.2 16 16 1 2b 38.3 77.1

656 19.9 22.9 14 15 1 2b 49.5 -

658 19.9 23.9 15 15 1 2b 59.6 -

668 20.8 25.1 17 17 1 2b 48.0 50.2

685 19.7 22.0 14 15 1 2b 60.2 72.2

653 21.0 21.6 14 15 1 2b 80.2 -
] 692 . 2.1 . 23.2 ... 16 16 1 _____ 2b_ . 47.9 o

—2d#& 547 22.3 26.1 16 16 1 2d 46.9 62.1
IO 649 . 223 . 255 ... W 1 . 2d . 99.5 .. ..

- 3%k 630 16.4 17.8 16 16 1 3 64.4 -

579 17.8 21.6 16 16 1 3 61.5 78.8

629 18.8 20.7 15 15 1 3 51.4 -

578 20.2 23.9 16 16 1 3 39.2 48.1

E) ¥ 7REMO - ZRETE o2 b o, UTRL
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Y LR L T e TTTRE

% &5 (cm) (m) (t/cm?)
1987 1994 1987 1994 1987 1994 1987 1994
- 1%k 510 18.5 22.3 16 16 2b 1 62.4 63.7
700 20.0 24.2 15 16 2b 1 49.0 49.6
729 20.5 24.8 14 17 2b 1 40.1 44.7
699 21.9 25.5 17 17 2b 1 74.7 71.9
I 4 21.3 . 258 B 16 2b 1. 42.3 ____: T
—2b#k 687 12.3 23.2 13 15 2b 2b 64.1 -
514 14.4 18.8 13 13 2b 2b 42.3 45.4
506 15.1 20.4 14 14 2b 2b 45.7 75.7
518 16.3 23.6 10 15 2b 2b 51.3 -
519 15.3 21.6 12 15 2b 2b 63.9 -
525 16.7 22.0 15 16 2b 2b 61.4 54.6
558 16.5 19.7 14 14 2b 2b 65.8 71.6
568 15.5 17.8 14 14 2b 2b 66.4 76.3
707 16.2 21.3 13 14 2b 2b 62.3 -
529 17.3 23.2 12 15 2b 2b 76.1 -
541 17.2 22.3 16 17 2b 2b 58.7 57.9
570 17.6 20.1 16 16 2b 2b 67.7 64.8
576 17.9 21.3 14 15 2b 2b 37.3
608 17.5 21.3 16 16 2b 2b 33.5 -
617 18.3 24.8 14 16 2b 2b 64.6 63.9
650 17.8 19.7 15 15 2b 2b 47.1 -
725 17.2 19.7 15 15 2b 2b 53.9 49.4
543 19.9 23.6 14 16 2b 2b 50.8 53.9
662 19.4 22.6 15 15 2b 2b 47.1 64.5
669 19.0 22.0 15 15 2b 2b 65.2 -
695 19.6 24.2 15 16 2b 2b 56.8 77.1
701 19.3 22.3 15 16 2b 2b 46.9 54.1
] 04 . 208 . 42 15 16 2b 2b . 72.8 _62.4
_2d@ 962 . 18.8 . 22,3 M4 14  2b | 2d . 91.3 ___60.6
-3 664 14.6 17.5 16 16 2b 3 42.9 40.0
677 14.9 16.9 13 14 2b 3 68.5 62.2
533 15.8 17.8 14 14 2b 3 30.0 37.2
555 15.6 18.1 15 15 2b 3 52.1 62.5
557 15.9 17.2 13 14 2b 3 47 .4 70.9
559 16.6 19.1 18 18 2b 3 47.3 50.6
619 16.9 20.4 15 15 2b 3 55.3 -
628 16.7 20.4 14 14 2b 3 32.3 -
655 15.3 16.9 16 16 2b 3 42 .4 -
688 16.2 17.8 13 13 2b 3 64.9 -
616 17.7 20.4 14 14 2b 3 59.3 -
636 17.0 19.1 14 14 2b 3 53.7 -
660 17.2 18.8 12 13 2b 3 61.1 67.8
666 17.2 18.8 14 14 2b 3 43.1 -
672 17.0 19.1 14 14 2b 3 45.3 -
675 18.8 20.7 13 13 2b 3 62.1 85.1
651 19.1 21.3 17 17 2b 3 53.6 —
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2d KR AKX W oE E & B = AR 54 IR E
F 5 (cm) (m) (t/cm?)
. 1987 1994 1987 1994 1987 1994 1987 1994
-1 524 17.6 22.0 16 16 2d 1 52.6  60.6
528 19.6 24.8 14 16 2d 1 54.3  43.6
574 20.4 24.2 14 16 2d 1 39.4  33.0
726 19.1 26.4 15 15 2d 1 30.7 -
678 21.4 25.5 16 16 2d 1 33.9 62,5
681 21.9 26.1 16 16 2d 1 50.5  50.1
703 22.3 30.9 17 17 2d 1 48.4  59.9
733 21.8 24.8 16 16 2d 1 61.8 65.6
659 23.9 28.0 16 16 2d 1 55.6  70.4
671 23.2 27.1 19 19 2d 1 38.9 -
I 689 . 4.8 . 3.2 15 18 _2d I 50.0 __59.7
—2d#k 723 17.3 22.6 13 17 2d 2d 49.7 -
706 18.6 22.0 14 15 2d 2d 41.9  44.4
599 19.1 23.2 15 15 2d 2d 27.4 -
609 19.0 20.4 13 14 2d 2d 54.0  60.8
e 9 215 . 255 1, 15 2d 2d 39.8 - i
—>2b#k 509 16.6 20.7 15 15 2d 2b 83.9  60.8
652 16.9 19.4 15 15 2d 2b 53.4 -
644 18.8 21.0 15 15 2d 2b 35.9 -
542 20.1 23.9 14 14 2d 2b 47.2  55.4
648 19.7 22.0 14 14 2d 2b 58.2 -
546 22.8 26.4 16 16 2d 2b 43.7  84.3
665 21.0 23.6 16 16 2d 2b 57.6 -
673 21.0 24.2 16 16 2d 2b 65.4 -
I 27 . 22.1 . 25,1 W 1w 2d 2b_____. 55.4 _ 955.3
T3 526 16.8 19.7 16 16 2d 3 51.8  89.1
615 15.9 19.9 16 16 2d 3 22.2 -
571 17.2 19.1 14 14 2d 3 46.0  55.1
620 17.6 22.0 17 17 2d 3 44.4 -
631 18.0 21.6 15 15 2d 3 45.4 -
581 20.7 22.2 15 15 2d 3 43.4 -
588 20.9 23.6 16 16 2d 3 53.1 -
693 19.7 22.6 14 U4 2d 3 40.2 —
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TI3WmA  BERA W B B & m F3 BERIX o X 7R

% 5 (cm) (m) (t/cm?)
1987 1994 1987 1994 1987 1994 1987 1994
L2dk 582 10.9 . 245 12 14 3 . 2d ____ . 70.4 - o
— 3%k 563 10.8 12.1 12 12 3 3 36.1 41.9
622 9.7 12.0 10 10 3 3 66.4 -
641 10.7 12.1 11 11 3 3 50.4 -
645 10.8 12.7 14 14 3 3 39.7 —
735 10.7 12.7 10 10 3 3 32.8 -
551 12.7 17.2 14 14 3 3 67.8 50.0
566 12.7 14.6 14 14 3 3 46.9 63.4
575 11.9 13.7 12 12 3 3 39.0 41.2
597 12.1 15.6 14 14 3 3 64.1 -
627 12.9 19.7 11 14 3 3 50.0 89.1
657 11.6 12.1 13 16 3 3 69.1 -
708 12.6 15.6 10 11 3 3 51.5 -
718 12.7 15.3 10 11 3 3 54.3 —
516 13.3 16.6 11 12 3 3 49 .4 65.5
517 13.4 15.0 10 10 3 3 55.3 60.2
539 14.4 15.6 12 12 3 3 54.5 55.7
540 14.0 18.8 15 15 3 3 40.4 61.4
565 13.7 14.6 14 14 3 3 46.7 67.9
573 14.6 18.5 13 13 3 3 43.0 45.8
576 14.0 15.3 12 13 3 3 80.4 76.8
589 14.5 20.7 15 15 3 3 57.8 76.9
594 13.2 14.6 10 10 3 3 38.6 -
603 13.2 15.0 11 11 3 3 58.8 -
605 13.7 16.2 14 14 3 3 33.7 —
635 14.8 15.6 12 12 3 3 82.4 -
679 14.5 16.9 13 13 3 3 46.7 53.3
680 13.8 14.6 13 13 3 3 71.2 83.5
682 13.4 15.6 14 14 3 3 73.1 81.0
691 14.5 16.9 12 13 3 3 60.5 —
710 14.5 17.2 13 13 3 3 45.4 —
532 15.9 21.0 11 14 3 3 57.2 63.7
606 16.7 20.1 12 12 3 3 62.1 -
621 15.9 17.2 11 11 3 3 52.4 -
637 15.3 16.6 14 14 3 3 50.5 -
661 15.4 17.2 14 14 3 3 56.7 66.1
683 15.1 16.9 12 12 3 3 64.3 73.7
705 15.7 17.8 12 12 3 3 41.4 —
IR 663 . 17.8 .. 194 15 165 3 . 3 62.0  69.5
— 4 %k 713 9.5 10.2 11 11 3 4 39.0 -
512 11.0 12.1 11 11 3 4 49 .8 43.4

AR BEERA W B B & B 3 BRI 5 ¥

% 5 (cm) ‘ (m) (t/cm?)
1987 1994 1987 1994 1987 1994 1987 1994
LT3R 504 . 12.6_____ 6.2 .9 12 4 ___. 3 40.9 _ 52.1
—> 4k 548 5.5 5.7 5 6 4 4 72.7 -
508 8.6 9.9 5 7 4 4 49.6 42.9
503 11.1 11.8 9 10 4 4 75.6 85.6




Z X NDHRBHRIC 51 5 IARBRE S & Rl v 7 /B0%lt (I - §5% - ' - MW

WH—2 (Rg2)

Data 2 (Plot 2)

1#Ak 5k S B =] BRERR S Y UEE
5 (cm) (m) (t/cm?)
1987 1994 1987 1994 1987 1994 1987 1994
— 1%k E 3 20.2 25.1 14 16 1 1 43.0 55.7
12 20.7 26.4 16 16 1 1 46.6 51.1
27 19.6 25.5 16 17 1 1 55.6 39.8
9 21.8 26.1 15 15 1 1 44.0 42.5
33 21.4 27.4 17 18 1 1 45.7 43 .4
35 22 .4 26.7 17 18 1 1 62.0 70.7
38 21.3 26.1 15 16 1 1 43.5 73.1
62 22.9 30.9 16 17 1 1 35.9 67.7
67 22.0 27.1 15 15 1 1 57.7 76.8
76 22.8 27.7 15 16 1 1 50.3 49.9
86 21.3 26.7 16 17 1 1 61.0 71.5
100 21.5 27.4 16 17 1 1 53.6 86.8
110 21.5 26.1 16 17 1 1 57.5 80.5
142 21.9 26.1 16 17 1 1 50.1 62.2
162 21.0 26.4 15 16 1 1 51.1 57.1
164 21.2 26.7 14 15 1 1 50.7 48.9
227 21.9 24.8 15 16 1 1 52.8 65.3
230 22.4 25.8 14 15 1 1 64.8 71.2
238 21.8 26.1 15 17 1 1 40.0 53.9
5 24.0 28.3 15 16 1 1 49.7 59.2
17 23.7 29.6 16 17 1 1 45.9 86.4
41 24 .4 28.6 16 17 1 1 43.8 65.8
49 23.7 27.7 16 16 1 1 56.8 80.4
105 23.0 24.8 15 17 1 1 47.1 54.2
156 24.3 29.0 16 17 1 1 47.0 61.1
167 23.6 29.0 16 17 1 1 54.9 66.7
179 24.0 29.3 16 17 1 1 48.9 50.0
186 23.7 29.0 15 16 1 1 54.6  66.7
204 24.7 31.2 15 16 1 1 64.8 63.6
232 23.6 28.6 15 16 1 1 46.6 37.5
234 24.6 29.3 15 16 1 1 60.6 48.4
4 25.5 29.9 15 15 1 1 52.6 71.7
13 25.1 33.1 18 19 1 1 42.1 38.9
43 25.5 31.8 17 17 1 1 49.8 45.3
74 26.6 34.4 17 17 1 1 26.4 33.0
147 25.4 29.3 15 16 1 1 33.3 59.7
160 25.1 31.5 16 16 1 1 43.6 33.9
180 25.2 29.6 16 16 1 1 55.1 55.5
R 209 . 26.3 . 309 .16 17 1 1. 43.0.___55.5
- 2b#k 104 18.7 22.0 15 15 1 2b 56.1 53.2
96 18.6 22.6 15 15 1 2b 49.7 51.6
32 19.4 24.2 16 16 1 2b 57.5 65.8
95 19.4 23.6 16 16 1 2b 60.2 68.5
185 20.9 25.8 16 16 1 2b 59.5 66.7
219 20.5 24.5 15 16 1 2b 42.6 62.0
224 20.1 23.6 17 17 1 2b 57.0 59.6
51 21.8 28.3 16 16 1 2b 47.5 104.6
136 21.4 25.1 15 15 1 2b 42 .4 43.4
155 21.0 25.1 15 15 1 2b 47 .4 52.2
174 21.8 27.7 15 16 1 2b 59.5 53.5
175 21.0 24.5 15 15 1 2b 62.8 65.2
215 24.0 28.6 16 16 1 2b 65.0 59.0
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TOmA  BRA W B B E B 3 B 57 x> T RE

% ¥ (cm) (m (t/cm?)

1987 1994 1987 1994 1987 1994 1987 1994

—1# 55 17.4 22.6 14 15 2b 1 50.7 52.5

7 19.7 24.2 14 14 2b 1 50.6 56.9

11 19.7 26.4 15 15 2b 1 51.5 58.8

40 20.2 22.9 14 15 2b 1 76.2 81.3
. a__... 19.9 . 289 B 14 2b 1 59.4 _70.4

- 2b#k 10 16.9 21.6 15 15 2b 2b 55.2 62.7

177 16.2 19.7 14 15 2b 2b 49.8 49.6

19 18.3 22.9 14 15 2b 2b 55.0 55.3

28 18.8 21.3 15 15 2b 2b 49.4 63.6

63 17.7 21.0 13 14 2b 2b 80.0 158.0

92 17.4 19.1 16 17 2b 2b 55.7 57.3

97 18.5 23.2 13 15 2b 2b 70.8 69.6

113 18.6 22.6 13 15 2b 2b 53.6 54.2

120 18.9 22.6 15 15 2b 2b 40.5 47 .4

134 18.2 20.7 15 16 2b 2b 71.7 79.5

153 18.3 21.6 14 15 2b 2b 81.8 66.0

182 18.7 22.0 14 14 2b 2b 50.3 47.1

216 18.9 21.3 14 14 2b 2b 48.5 62.9

52 20.1 22.9 15 16 2b 2b 51.0 104.1

169 19.4 22.6 15 15 2b 2b 43.1 54.2
e 210 . 214 . 6.1 15 15 2b 2b______ 57.6 ___78.5
edm 191 . 2.1 28,1 15 16 2b 2d ______ 69.3 __73.4

— 3%k 91 12.3 17.8 12 13 2b 3 46.1 71.7

184 11.0 13.1 14 14 2b 3 63.5 77.3

20 13.4 15.0 13 14 2b 3 86.6 88.2

39 15.8 18.5 14 14 2b 3 65.6 69.0

99 15.5 17.8 13 13 2b 3 70.5 79.1

46 18.0 20.4 13 13 2b 3 52.2 56.9

75 18.8 21.6 12 12 2b 3 39.5 57.4

94 18.0 20.1 11 13 2b 3 63.2 62.0

181 18.0 20.4 14 14 2b 3 80.6 73.4

132 19.2 22.0 14 14 2b 3 64.6 65.9

148 20.0 23.2 13 13 2b 3 41.5 55.4

161 19.3 24.8 12 13 2b 3 55.3 56.8

152 21.2 24.5 13 14 2b 3 37.3 44.3




2 ¥ ATHRERIC 351 5 SR ERR 5 & welid v > 7o (L - 7% - '/ - M)

ZdmAk  BERA W & E & B =3 AR IX 7 ¥ ORR
& 5 (cm) (m) (t/cm?)

1987 1994 1987 1994 1987 1994 1987 1994

—1# 18 21.1 25.8 15 15 2d 1 73.0 34.8

59 21.1 25.1 15 16 2d 1 46.3 111.1
e 196 226 295 14 15 2d 1 3.6 41.2

—2d#& 119 16.9 20.4 15 15 2d 2d 445 75.8
) 65 228 217 12 B 2d 2d 40.1 _ 57.7

—2b#k 72 18.1 24 .2 15 15 2d 2b 70.7 72.7

118 18.3 22.3 14 15 2d 2b 69.3 74.3

70 19.7 21.0 15 16 2d 2b 70.8 87.8

98 20.2 25.5 15 15 2d 2b 45.1 66.8

198 19.0 22.0 15 16 2d 2b 58.8 86.8

199 20.3 24.8 14 14 2d 2b 74.5 108.6

220 20.1 23.9 14 14 2d 2b 51.7 51.6

42 21.0 24.8 15 15 2d 2b 44.6 46.2

107 21.5 21.6 15 16 2d 2b 31.5 72.5

108 22.0 25.1 16 16 2d 2b 56.7 60.4

139 22.3 26.1 15 16 2d 2b 49.7 72.6

194 22.1 25.8 14 14 2d 2b 45.1 54.9
e 235 . 213 216 13 14  2d 2b 60.1 _ 66.8

- 3% 130 15.9 18.8 14 14 2d 3 84.8 108.7

103 20.3 23.6 15 15 2d 3 56.6 54.3
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TIWA BEEAA W e B & B F BERIZ 57 YT TRK

% 5 (cm) (m) (t/cm?)
1987 1994 1987 1994 1987 1994 1987 1994
__2bm 0 . 215 . 21.6_ 16 16 3 | 2b . 64.4 _ 65.9

— 3%k 93 12.3 16.6 13 14 3 3 47.2 72.8
140 12.4 16.6 11 11 3 3 54.1 52.1

157 12.0 15.0 10 11 3 3 75.3 86.8

158 12.7 14.6 10 11 3 3 80.7 85.3

31 14.4 15.0 10 11 3 3 59.0 63.6

53 13.2 17.2 12 13 3 3 77.2 78.5

56 14.7 15.9 11 12 3 3 53.1 56.8

102 13.5 18.5 12 13 3 3 65.2 67.0

116 13.8 15.3 11 11 3 3 44.6 52.0

168 13.9 16.9 11 11 3 3 82.5 70.8

213 13.3 17.2 14 15 3 3 57.3 56.8

226 13.8 16.6 11 12 3 3 42 .4 38.9

231 14.0 16.9 11 12 3 3 69.7 76.4

237 13.1 14.3 11 11 3 3 61.5 70.9

26 16.2 19.4 11 12 3 3 56.0 64.0

89 15.1 18.5 11 11 3 3 62.4 64.1

141 15.6 16.6 11 12 3 3 78.9 64.6

143 15.3 16.9 10 11 3 3 50.9 50.2

145 15.9 19.1 11 14 3 3 70.7 77.6

151 16.6 18.1 11 11 3 3 73.9 82.2

212 16.9 19.7 11 13 3 3 62.5 71.7

217 15.0 18.8 13 14 3 3 70.0 135.1

228 15.2 20.1 14 15 3 3 57.9 65.2

21 17.0 20.1 11 13 3 3 56.1 57.8

47 18.3 22.3 11 12 3 3 59.0 78.8

0 58 . 195 . 2.3 __.un 12 3 S 42.9 _53.5

— 4 % 165 10.2 12.7 9 10 3 4 81.2 79.8
73 12.1 12.7 9 10 3 4 81.6 68.0

80 11.8 12.7 9 10 3 4 68.9 73.1

173 13.5 15.9 9 10 3 4 47.5 57.9

TIEk  BERA W om B & ] 3 BRI 5 XT TRE

% 5 (cm) (m) (t/cm?)
1987 1994 1987 1994 1987 1994 1987 1994
_2b# ur 1.3 . 7.2 )10 15 4. 2b . 90.8 __771.0
— 4 191 9.7 9.9 8 9 4 4 59.2 69.5
20 11.2 15.0 7 8 4 4 55.0 88.2
146 11.9 15.0 10 11 4 4 53.9 86.8
150 12.0 19.1 10 11 4 4 82.4 57.3




