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Working Group on Properties of Tropical Plantation-grown Species :
Wood Properties of Tropical Plantation-grown Species I
Pinus caribaeca MoreLeT var. hondurensis Barr.

& Gorr. from a Plantation in Fiji
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HEBA, KRMOBWENTEESTLS XSS BED BRBSEMT X0 -TElk, ZhHDD
b, EERRHICK TR, $TIRVTHE LTRIARR I REJELEb oD 2L, %, B
MEUTRIRMEIAESIGELDDH 5 bODEKER B4 ICTRI UL THET O 5,

ZhoDEMHDIEIIE, BE~OMBEERE LTRESNL DD D, T/, £ THLILED
AARMKEERIRTOBRADOAMBAETS 21201, R DL S MHIBETEE S hicAMH, RHE
DAMTE~RESINITEEORN T L THEI T LEND 5, BETH, LEROHEWNES
DTRS LM, TTRRSEOTETHYZDONTNAIHEENE L L5, ThoBEEOEKK
OMGIZEIT ENBNTETHEA S,

COEIBEEND, BERBET V7 H LUBHAFFIRICHER SN TO 3 TESEEO LRSS
KOV TEREERLTELC LR, FROARBRBICE > TUBEBLETHLEER B,

—FT, ZhoOBOAMOBME I >VWTOEMIN ROBEHIRICE Y 5 EMHBOBRICELS
BBLEEZ B,

CO—EORETE, < VEEDLE LHERBEICa—2 ) 2EE LREROKRME, REEL
THRO EF T HBEETTWV S,

W, REEELELTR, LE, THIE GUemEmsE UER Uk, SR, Miesm BESe
DEBHSHET S PICER, B, 4R, TR EORER SERLHEERD LU, Thb
ORBHEER, HEOTFEINIARILD, FAFHEHOKREIIKL ST, BEdd %,

CO—HOHEDEIRI T 4+ —P—EH V) ET v VERKELSRE L,

1 74=S—FEH)ETPIVERKIZOWT

# 1) vT7 =Y (Pinus caribaea MoreLer) DXRDHIX, ZOLZAIRTIDE, H ) ETHEITET
AHIRTH 5, Pinus caribaea var. hondurensis Barr & Govr., P, caribaca var. caribaea MoReLET,
P. caribaeca var, bahamensis Barr & Gour, 7LD SEBEMAMON T 5,

ZORAREBRRAN NI B DI var. hondurensis ThH 5,

HYET =Y RIROBFHIBICE T AERBEL L TR, $-¢bEHERINTVEH00—DT
BBo Lichto> THORBEDOEMRARICHE UTAHOREILRT AMAREY DL, L LA—ER
DEDXODNVTEEEADRRET » 2 hlidie CCTRY RS 2h ) vT7=vid, 74— V—ETH 3
DT, AEICEE 2FFEEENTH S,

74— V—EHTR, BL4OXEILLBE, L0 T Y OEKE BA~NDRHNEZBEEELTH-T
NWBEDLETH B, Ltdi-T, MhOEADFEEHB LT, BAREOBFKIELD BIKKIC 5 THEH
BENEEL LB EHBI,

74 —Y—HTR, CONYETYDERKHIZANTETEYD, B, 74— V—-<VEAS R
MRS L2 ERMOERBE 4 SBMLTETN 2,

T4—V—HOA) T VEEEREOCI BREROLDIET 4 — V<V ERLILDZHDTH B, £
OWEGHEE, WEHRFEEE Table 1 KRLTH 3P, Xk, BEELTHE, BMKIICIE 75,000ha £ TH
HEARTBFETH S, 4B, BEEITO7 4 —V—KBY2EEHLERRIT ha %720 20md L &h
T3,
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Table 1 19804FEKRICEF BT 4 —V—<VBBELOH Y T =V ER (ha)
Fiji Pine Commission Pinus caribaea Resource as at 31, 12, "80.

Hudg . s
\ Nabou | Nadi | Lololo Ra Bua Total
HEEE
1959 1 1 2
60
61
62 6 6
63 9 13 22
64 38 76 70 184
65 34 34 68
66 23 132 159 314
67 37 40 204 281
68 20 229 249
69 18 420 438
70 24 404 428
71 876 876
72 908 908
73 1,970 1,970
74 714 1,476 97 2,287
75 1,836 807 99 61 2,803
76 1,992 1,183 103 478 | 3,756
77 2,705 927 423 780 4,835
78 199 75 403 649 564 1,890
79 1,939 1,706 162 564 537 4, 908
80 1,301 | 2,053 180 192 891 4,617
s 10,686 | 4,044 | 10,227 | 2,574| 3,311| 30,842

2 A B #

COBRBIABNAVET=VIR, 74—V—=VRBEL DL OEMICT X 5L, Viti Lebu BD
Lautoka W30 Lololo FHMic B TRPI Wb DEIN TS, COEMMTIREEI0 7 4 — b
X974—b, Lo, ha 7D 1,196 AOBEE THERIN T 30 MREThHTOILND 1972
FEONY r—VIZEZ2ERBED, BERXPDLIOBLLTVWELEDZ LTH D,

REMELAAKE, 7> - V-Er ol EE U THEREEBICHEM S5 4F7 A i< A IR/ 18,000
mé O—§T, FEtickz L, TOROHHANLRD ROERIIHRE 20cm, FiH2B5cm LD LTH
o AFLAKIBH I0m?, BARATLZOROEES X 16cm 24X, 18cm 2K, 20cm 3%,
22cm 104, 24cm 4%, 26cm 14, 28cm 84K, 30cm 54, 32cm 14X, 36cm 14X,
0cm 1KTH-7, Chi3Ysol, HE,PSBEINIAN ) LT <Y ORMMARAKOEZSHDH
HELTELTBOTXNES S,

BT d
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Photo. 1 7 4 —Y—HEFULT
B9 raFLos)E
TV
Plantation of Caribbean
pine in Lautoka, Fiji.

Photo. 2 # Y £ 7 =Y KON
ER=
Closer view of a Cari-
bbean pine plantation.

Photo. 3 HERICBWohich
ET <Y DK
Caribbean pine logs
used for test.
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I MEFHHER

AMORBH, BERSENEEELTRL, BEREOTH= YR Iu<wY, SbiK=2—YV—-F YV FEDF

VTR YREOREED Y H L BBRE Ui,
1. RBHCHERE

B8 38 KD HREALD 5 3RDOHK ULAEE 497, 535, 7480) £BA I,

ZNSOMKRDS B, Fk No. 7480 RO, ;O LD 4, 6, 8m D4 rFOWAL S, fhd 2AKiI3T
O&KO»SARERML, #OLEFEDHIES5cm OMFEARD, b oRBEXAD 7oy 7B XU
REERNEAORS R - 1co RBERIBTE Jefirey (hic X DB LT, Theh 50 Ro{HE
BROOWTHE U, Ef, [HEEOEZRPBEEL 30 RiCH-DTHIE L,

2. B E #E R

2-1 ARMEE
T DHOBRRTEMTE 5, IMREBBERL, ZOMERMEL, TOT4~6cm, KOT 2~3
cm T 2~BERET T, ODHMRBPPREREFTUCLREBRTH S, FHITHOHL S 10 EREBESZ TR W
BTIRIZL, BRICIPDPEET, PTHCBLOENADOIL G, chi DA~ D EERF IV
SPICEYD, BEOEVEMIERENS, ANOFHTS, & XZRBH~OBTRICIEOROBER
SAWBDONT, FRIEIE 2KE LTENY, & ICEOMEER S 10 ERIEES Tl 10~20mm &5
Vo 3TMAE S BIESHE L, BEJULNCER 5~10cm ORIFT Mkt B L BED BANELEL
726

2-2 EMEHME

BRERIFESE, HERE PS5, TdimEEEs XUKEMIEES 6D, 3 WEOENE
EH*% Photo. 4-1~4-4 IR L7, REES LU @A AMEED TEROVTRE, REORAKEDOLD
PREEO Y 2L LT Table 2 IR LT,

A) R & %

HRERORPIE ED 2, ROHETIERMOZREDIC D, BHICHEYT 282 TR, {E
FiRPPAWe SUMRED HTEL LT3 (Photo. 4-2), ZhiCkW LARDERTIE, BBkt
DEIHRE LTS (Photo. 4-1), [HEEDTE Table 2 iRLc kS KRB & &, BT, K
HE, BEOOWThIBEEDOT A=Y, 20"y, 3VTEAYRLIDEDILDREN, RREDH
JeT=eviid, BEAUMPBETAREVREETH 3, fh, KEERORLD GAR~NDERICONTS
5&, Fig. 1 wRLEXSIC, BIERBRTTTIC 2mm PLEICEL, Fhibifllictsd - TiZiz 10
AERRETAMICHEEL, 5.8mmELITEL, Fhih PPWE0hICH BN HEREICEE 6mm DI E
LB TH=YRIPTE= VL LB LTHBEROMELAREL, TORETHILICITH{RE
HERS 6mm FIHT, WIEICHLIZT 2mm B, A fOEEOHUREIEIC T 2 Flici AT 2 5REETL
MEFET, CORBTHZINRLELERNLS,

B) B &M

AR L B CEE P 5185, BAEMRR—RICHERETH 5, BIIT 3 ~20 MAEIKC T 5,
KERBGEL N T D HEHERD WB T2, 20 2P+ ) 2 —2RBETH 2, HPFBARIVET



%338 %

PRERBRBETERE

— 22 —

S




T4—-V—FEH) TV (BEREERATEIL)

4-1
Tr. sect.

4-2
Tr. sect.

4-3
4-4

4-5

Tr. Sect.

4-6

Photo. 4 # ) &7 =Y OEESEHIWE
Anatomical features of Caribbean pine.

MO A ICEE Y BT ERR

Showing a distinct growth ring of the outer-part of a
disk. X 30

AR DM B T 5 RARITERER
Showing an indistinct growth ring of the inner-part of
a disk. X 30

H # W & Tangential section. X 75

ji &t 87 B Radial section.
REBECHNOFREASTEALR v VE, BHHREEOREYE
Showing tracheids with opposite arrangement of borde-

red pits and pinoid pitting in a cross-field, and conspicuous
dentation on the wall of ray tracheids, X 150

HEBTEIC 3 5 REHER (RAD
Showing the distribution of abnormal tissue. ~ X 75

L3782 {05

Close-up of the abnormal tissue, X 150
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Table 2. f# ] %
Anatomical
ABRHES ® &= B H e B
Sample log No. Species Origin Measuring position
7480 Pinus caribaea 7 4 — ¥V — Fiji * R OB OB
7480 ” ” ” »ORBERE
497 ” ” ” * R OBOW
497 ” ” ” wOR R BCR
535 ” ” ” * R OB OB
535 ” ” ” **OR R BE
TwTw 2519 ” F ¥ Y 2 7 % Honduras * R OB
TwTw 426 ” ” " * R BB
TwTw 5700 P Pinus radiata =a2—Y—5 Y F New Zealand * R OBROW
TwTw 9285 N Pinus densiflora A Z Japan * Bk OB
TwTw 9288 N Pinus thunbergii ” ” * Bk OB
BN ERA « BAH QUER~OFGRE)
P &EHAKR o RERBES (1 ~104EROEEE)

N : Natural * Adult wood (Average for 11th ring and outwards)
P : Plantation ** Juvenile wood (Average for 1st~10th rings)
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=
oo
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]
e
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2
[l
oy 3,000 0 —-—0 Caribbean pine 7480
4 B——=8& Caribbean pine 497
A—— —A Caribbean pine 635
[ ST ® Japanese red-pine
@revencnene ® Radiata pine
2,000
1,000 y » ¥ .
0 10 20 30 40

HMohLOERBES Ring No. from pith
Fig. 1. $ib 5DFEMBIC K 3 REEROES
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] 143 "
characteristics
Ear% wood trac’fl'fj;ids Latﬂza wood trac}ﬁids pasE | A0
WoE & | EEEE | W R | BRET | g, | SRR
ell diameter Wall Cell diameter Wall length Resin duct
yCawalG] g5 | thickness | HH AR | B 5l | thickness diameter
Radial |Tangential ang. Radial |[Tangentiall Tang. (um) (um)
(pm) (pm) (2W)* (pm) (pm) (zW)
58.7 47.6 7.7 31,1 43.1 14,9 6, 190 280
55.7 55.8 6.0 34.5 38.7 11,2 4,378 220
68,3 57.0 7.6 35. 4 51,0 17,1 5,610 165
68.5 51.1 6.5 32.8 46,6 13,9 4, 407 150
65.5 61.9 6.9 33.1 51,9 16, 4 5,710 208
64. 8 57.5 6.4 41,2 46,5 11,9 3, 492 152
58, 4 51.1 7.1 27,6 44,4 12,1 5, 800 170
60,9 53.9 7.7 25,5 48,0 12,5 200
53.0 39.2 6.5 26,0 30.6 9.1 4,300 210
43,0 38.7 4,8 26,2 35.9 12,8 4, 300 160
44,0 36.2 5.0 22,3 26,9 9.9 4, 200 180

BHEE X ORMBOREE OTERLNEhHERERORAR, HBIAAETHE S,

Dimensions were measured on the tracheids of innermost part (for early wood) and on the outermost part

(for late wood) of every ring.

* 2W: flifuBEE x2, Common wall
2~4| 3% A 3% (Photo. 4-4), HUBEEED < 3 LTl HEL, EHREESEET S 2
(Photo. 4-4),

C) HHIEE

WL UTHEL, ZLREMBICHHEL, ZOERIZREL 2800 CFE) KET 3, MEEREED
TERY 2—aIEBEN, SORXZOAUTEHAAZMERSEATH 2,

2-3 EEMRICONWT

REMRIT 3 ROHRAAD 5 B No. 7480 & 535 @ 2 kiciE» S, Photo. 4-5, Photo. 4-6 TR L
FeXORAOETRV—RTEIPLEDLNBIRLOREZT, BAR H20REEOERRICOV
BRIV E LTRBRAILEREDL 2D DTH S, BROSHIR, BLUPSBEOLLATEHETH»
AROFBRTS, LCALIARAMROMNERE LTENIBEOR N, Ch0ERERBIIIT
OB TRTOMFICED S vl BERMROL IEMET, RECEREO DL, 2RELRHE
BEOHED LW - T, TOREHERBICH ST, 2ORIICRKRENHBMBREET L LI, E
ERREEPHEERMORIINR & (EHN B84 LT LIZR b (Photo. 4-6), 58, ZOREH
FOEMIC DN TIRBRICHED L1,

3. & %=

B Y ET =Y OEBPHEIT OV TIE 1950 D b HRZHIT BHRER I N OOV THEZ L
TN A96D, g, Scaminr® 33 New South Wales BED 26 EEEED # ) BT =Y SRICDNTHEI-RE
R hdREERZE $1FRTH L.5mm T, 2nkD AMI~NABICEEL 8~19ETEET S5 LS
KD, ZOEIE 4.5~5.0mm KET 5, ¥, CORBEERORET BEHOHH S OERZ 6.0
~13.0cm THEEMEL TS, CAIKHLT, 4EDO7 4 —YV—EH Y €TV OEERER, #1
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HERTOTTICEL, POANAOREDAMTI5~16/LERHT 6mm B RGEL, BRELEL,
Flrh v Va7 RAELORETIE Table 1 WRLA XD ICFEEOTERIZLALEEST, LkL,
HREDTH=Y, 20vUyP=a—Y—F Y FED FITE2-YREOREED = SHKRULTRS
&, Fig. 1IGRLAEKDI AV ET =Y OMEBEROMEDHE, FET2HAEES 6mm L
EWRDENC b b, (EEOHERE, BEIC D Td Table 2 IGRLIZEIC HY ET =Y
15~35% QM T, THENOTEBKEN, ThIZOWTIE Groow? 135 DEHER D EEDO K&
SEWEL, ZTOREIFHATOLOREHOODOLY REVEREL TS, T TORERRE,
Groom DFER LR TH 5o A & &

0 FHEE RS & CHEES

BAKOHP TR, FHEE, BHEEENEOIIKELOLNEZPEREE L. 1Y ET =Y OEWKK
REMICE - THEOEHN KRENWEELNTHEDT, 3BAROIKDOHT ZDL> HHERENED
KOUREHERL, TOHEPL FLOEHMOHPT EOLIKMESHHE % BEFTHEL IS L
1o

1. HEMLAErE

1-1 f# W M

T ORBRICHE L2 HRA I A7 33 KT, FHEAKROKTD S Z2hZ BT >HAEERRL 72,

1) IREEROHE

AEH» 5, BIROBRICREFAERD 2 EEZELT, HE2SOERFMCEREERRD, Z20hh 5
RERPOPIR L7, #2400 5 J1S Z 2103 iICE» STV 5 30 mm (GEEH ) X 30 mm
CEZRFIM x5mm (A ORI EFE UTHEENICARY, T, ChicHisd 8k
B S, S5mm (A ) X30mm CREHFI) X60 mm (#Fm) O EHRBRAZ2AR -7,

BRBRTOPREBEEHLPSOERES > TERFESEL, BOELHOEER -1, TRODOH
SECHE LR i3 221 ATH 2,

2) AWEER, AWAME, SEERERLCONE

Ido 1) OBBRAE RN,

3 WiEMEONE

B ET Y BEHOERBRENC LT EINI,

BERIEMRBOMNFICOWT, 30 RORRN, HERBRFICIRT 28,5, Bk KU
BOZFHORSE AN 30mm AR - 72,

4)  EERELRT

LRWOFRERUET 2700 EMBEETASNBRA & UT, #A Smm 0RRFEAR -7, 0
HEHC DO TR, BESOSERETE S0, 2KOREEERL TER LI,

1-2 BlE H

RFERO[ER JIS Z 2103 ICELTITY, KM (BKHE15%) W TOPRE (s %), 8KE1%
B0 DFELRFEE 0 %) BIU LNHER (e B) Erhinigi, PEBLU#EO 3 FHICOVWTHE
HWUTe ERRBCERHRME (RIHE o %) 2HIE L. CORIORSEI H1z - Tid HE 1/500
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mm O S FAr—VEERL, EROREICIIRE 1/1000g OBRRBTEFEA Lz, I AREE
¥ (Rkg/m®), 2MEHE (rog/m®) BIUEKEIH OKHARE (rsg/lem?) 26HE M L, C
NSDORIER T VI—N - RYEFYEBBETHH UALRRFICONTHT -0

HHENEORERABRF OWMALEICEREE S S, —HokOE»oHRBL, fEicsSbhix
HBG L BRI DANE A—T ) — 4 —T 2mm CERHIEL, COHEEBRFRED EXORER
¥, 22—tV FTCERRLI,

HYET =Y OERRNOFEELEEZFHNLLDIC, V7 M XBE2A 70T ryy b2 -2 ic kbR
BT FRE ISR Uz, EREEMTEERT 5ICRL, BESO2ERILIEET 5/20ic, bl
£9ig, B 5mm Rk 2 KEEMH LT,

2. BRELER

2-1 BAHEBLIVIHEOKE S

HRAAANOBEREEY, SEMNEHE (QKE15%), 2HERES IOESE, B8R, $HFaoIHE
ROEHMEIL O VR ZNFNOBEKIME, B/MAEEE U T Table 3 IKRT, 78, 2HBEET V-
W= RV EREC N L BRICHIE U R ST IR RS L RO TR TORIEEB IV TR

Table 3. AR E S L U N HRBER

Mean values for density and shrinkage of sample logs.

B R ARIE i % %  Shrinkage 5 B E
Log | [ebre “Density
di- T a a3 as
ameter) ;gt}ve
(cm) ures ¢ r { t ¥ ! ¢ r l v R 7o 715
#n 217y 217 150 217, 217 150 218} 218 150 218 218 218 218
Max.| 3.54| 2.00, 0,24 0.31| 0.22] 0,03 8.00 5.18 0.66| 12,80 552 0,63 0.67
16.5 I |Min.| 1,73 0.69 0.02] 0.17| 0.09 0.01{ 4.30 2,15 0.17| 7.13 347 0,38 0.40
(Min.) £ 2,63 1,23 0,11 0.24| 0.18 0.05 6,19 3.39 0.35 9,72 436/ 0,49 0.53
262. 8 4 0.67 0,47 0,08; 0,05 0.05(0.008( 1.27; 1,14f 0.17[ 2. 04 77t 0,09 0,09
(‘}E) n 212 212 212 212 212 212 212 212 212 212
41,7 Max.| 4.51| 2,40 0.32] 0,22 9.04) 5.61 14,41 513 0.60 0.67
Max.) | 1 | Min. | 2.8 0.94 0.17[ 0.10 4.98) 2.48 8.35 329 0.36 O0.40
7 133 x 3.45 1,53 0, 24| 0,15 7.01| 3.76 11,121 409] 0.46| 0,53
[\ 0.74] 0,53 0.05( 0.04 1,420 1,14 2,15 68/ 0.09] 0.08
B e D SR (AKRIBER) I TONHEER (%)
Note Shrinkage percent from green to air dry (15% moisture content) (%).

az: SIKE 1 HHi b OFEREER (B)
Shrinkage percent per unit moisture content (%).

oy EHh SR T TOLNEE (%)
Shrinkage percent from green to oven dry (%).

{ : B4 41| Tangential direction. 7t 2% K4 H Radial direction.

! : #i/1 Longitudinal direction. v A% Volume.

R : ABEEHM Bulk density (kg/m?).

7o 1 Y AFREE Apparent specific gravity at oven dry (g/cm3),

715 ¢ SKERIGERICHE L2 ARE Apparent specific gravity at air dry (at 15% moisture content)
(g/em?).

n : ¥ Number of measurements. Max. : BXff Maximum value.

Min. : H/ME  Minimum value, X BNEHE  Average value,

¢ : EHEfEZ% Standard deviation. I :zk#E Non-extracted. I i : Extracted.
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{#’7_]“ L/f:.o

FREEH, K- 2RAREOLMHAACHER GBI 22D, RAHOBETEEMER 2heh
435 kg/m® (347~552kg/m®), 0.53g/cm® (0.40~0. 67 g/cm®), 0.49 g/cm?® (0.38~0. 63 g/cm?), Bl
LB TENEN, 408kg/m® (329~511kg/m?), 0.50 g/cm?® (0. 40~0. 63 g/cm?), 0. 46 g/cms (0. 36

~0.60g/cm®) Tk 5,

Fig. 2 g Le BRI D0 T O BARBEER O BEFE S A2 RT.
ThEDEEZRARICDONTT TICRD SNTV B XHE, 72& 41T Fannestock 35 L7 Garrate® 50

HYETFT 2 BEA K 217
A . n
Pinus caribaea F 45 48 436.4
mean
& 20 100
s % (%)
3
o
L
w
L
%
7 10 50
200 400 600 'ku M’ goQ
BIRE (Density)
Fig. 2. ZBREOHEHEE
Histogram of basic density.
AYEFTY REBAER 221
H 1 n
Pinus caribaea =1 % 368
mean
>
20| 100
E (%) (%)
3
(o8
o
[
i
B
H 10 -150
P, L
2 4 6 (%) 8

Mg = (£FHm)

Shrinkage (Radial)

Fig. 3. ¥EHRIKBT 2EHH S L2EF

TOMBRBARE

Frequency of tangential shrinkage

from green to oven-dry condition.

BEET 0.381~0.522g/cm3, FE U { Hourarl®
DOFHE 0.525g/cmd & k4 2 &, SEPEAL
A Y T2y OERAOREE FEHE) B
BOEERLTONSE ENE B,

R, HERF AR X CEFRICONTOMR
Kip bA%E TOIRROEEE (B5R) kzh
ZN 3.39% (2.16~5.17%), 6.23% (4.33~
8.04%), 0.35% (0.17~0.67%) Th 7o %
o, HEF & RS RO RERO HWERE ST
i3 Fig. 3~4 iTRTEBOTH B

2-2 ERBEHS XURERONANKES

i}

BREEEE JUHER, BEFAREEO K

PUKENT % Fig. 5, 6 ITRT.

HYETZY HERA K 221

. : n

Pinus caribaea S 49 {& 7.01

mean
g 20 100
3 (% (%)
p=]
&
o
w
4l
H 10 50
0

4 8 12 (%)

IR o (EgE)
Shrinkage (Tangential)

Fig. 4. g FEICEB D 2EM> 028 %
TOIERD HEEE

Frequency of tangential shrinkage
from green to oven-dry condition.



EHHIEE  Resin contents

T4—Y—EH)ET =Y (BEEENATIRI)

20

30600 T T !
kg | AyETTY
m*| Pinus caribaea
PGS A
EE e e T 7Njo %zracted
M ma g
ted
——l— 5 H I" F
Resin contents ’
20}-5001- 7
o2 s
i 2
© A
10}-400}- T
oLaoo L L '
0 5 10 15 {cm)
H#oh S DRk

Distance from pith

Fig. 5. Bils, RBERFHCB 2 BREOED)

Variation of basic density before and after extraction

of resin.
T T !
9} AVEFT
| Pinus caribaea
e T St
= = =0~ =0-== Non-extracted o
° 155 fhd o==""
8 Extracted ; —
,I
7
[
;
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&
o ﬂ gL )
=
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£
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3
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1 0h b EERE
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Fig. 6. FEHF M 2 IFEROEE)
(E#MD 5 2H)
Variation of shrinkage from pith
(green to oven-dry condition).
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hyEFT<Y
B ET Y Pinus caribaea
Pinus caribaea
15~ £ :
" I L AN
£ 53 7
S 10 8. z
= 2 1o No.36
8 i
2 85 3
g 5
s ¥ T
Z”E f 0 : 100 ! !
pmy & 50 (%) A | |
% }  |pitn I 2 © M 50 %) 100
z /\ Bark } |Pith gﬁ&z
s ark
T &L____— -
z
Fig. 7. SimMEOHHEY Fig. 8. #HtEMEOHRT
Spirality patterns. Spirality patterns.
RYETIY Zhick 3 LARBEEBONKAKESIL,

Pinus caribaea

Bl 5 BT A - T, BWind 3EmERL
Tind, CNEROPOOERTH S &, 17~18
cm ¥ TOMOEMIAMTS 3,

SEOHZELR O AARIRKT 42cm TH 2
TEMBHT, REBHD &RBH~OBTHS
KhHicd b b,

Fig. 5 icidfiihte o FEBERO I KRKFE
BREMRLID, Thicks &, BRI
OHLERS 6~Tcm ZEOHHEIC £, BHiICH
DORHIETIZ 14~16% ORI T hTWVWBE T

#HMEASIE  Slope of grain

bbb,
Fig. 9. SRR D HEAL 23 HHEBHEORDO SO
Spirality patterns. H OB ORHOERHIHAMTERID <5 —

YBDPIEOARNTH 220 THEL, —ROAKANDOFMICK > TEDPROEVEFEES > T 5,

SAOPAIK B ARKDD B, K190% Db DN b UTHED B S EfrothE 5 (Fig.
7, 8, 9o T, BRMEIMBEDOR 30~40% MBETIAKRBMIEALTH 20, &g, BERKESEN
BUBISEBIGTO RO ERET 5o WHEENI 8.6%~38% DHIFETAKOTIIMEIL 15% TH B, C
NODERT Ay QLT%~17.1%, VHE9.4%) LHET 5 LR DREV, SEMNLGILED,
ZOHEZEMTENTIARGECEDON, TOMBREEFAD 0% COVDELATHBT &
&£ (Fig. 8~9),

Hueres'V |3 4 Y £ 7 =V HEMNEE~N, ZORAEL L TO0.6°~13° (2%~40%) 2B T35, %
7z, Cown 51911 180 BRI DWW THIMERZRE L, 79% oBkLEESN (S) »othEsc L, 5°%
BREL0H28%, XHIKI0°ZMALBONIBHEEBTVE, AHORBEELL 74—V —
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hYETZY
Pinus caribaea
9001
(kg/m?] No.17
800 |
700 ‘
z ' : Jé
2 600- | { '
g 1 4 §
[a] 'h-‘n: i M E
!G ) ::!3 ! 1 "
weoor  JLTH RN ) i
& I P N i . q
\ Py .: ) ¥ | H
400- ﬁﬁﬁf W b
" A
i B oBE &% Bark
200-] Pith After extraction

Fig. 10. X&F v ¥ b4 MY —iC X BEEMAEESH

Radial density variation from X-ray densitometry.

EOAY 7y OMEEMNOIHEE, /F— LR EROBMELBEIRRTHLLVALE, LK
L, ZOEEDRE, S5cA—EARATLZONE, # EEICKEERBEFTICREN, TOT LI
frick »C, SEEFDERICNE L, EHILTOBREBEONLE LTS, ZoBK&KOEREENR
FUTVEELROVHVEDVAZDT, BE, REETIHAKCE, TORREOWENESLUVE
DERAFHERELDOTILICHETT 2 LBLETH 5,

2-4 BEOERNED

BMEEOHY) €T eVIE, HLOREEMRNCAONS XD KR LM, SRERRACXITSL
EHEBL T ERBV, COEREROHERICES, POBREFONTHEE»SANE, TS
BEINTNE, WETHAEALINTVWEIERD—2& LTI, AEHHABLUT, BEICHETS
RFRO DI, B EBRHORITARNETH S ENBHF 5N 5,

T4 —=TV—EH Y ETeVIONT, V7 b XBICEBEREERITERD 1 #l% Fig. 10 1TRY,

chick 3 s, BIcHRBROhLTICERIND BOOLERRNO FEEZHRIDTL, FHF (ERR
B) LEDTRUMT, ZOMMIBRORLERS 6~10cm CHVTHE LA L, ThEDARICE
RENZWATE, FHAD, DPOIPASIOSDICL 55 & EMITHENCE 5. ARROEREENE
TAREL, B oH5EERNET TOMTIE 35mm (5ET 30005 5, HAKDEAERIEOHEIR
5.2~13.1mm T, SE¥fEit 8.8mm Tk 5, £ S 104EEHE LI 5~7 mm OHIFRICE 5 KD
£L12, SORBFRROBUHET 5 EMEUL 5, FREGRITERDP S, 2OV ET=Y0
ROV 7 i 15~16 1 () THBEENZ KD, X H H B
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| 315 mm >|

L°ON

310 mm

8T1°ON

[«=- 300 mm |

¢ ON

350 mm >|

68 °ON

Fig.11. X 0o ®m & &

Specimens for water absorption through cross section.

Table 4. % X B
Water absorption
. . B Kk B GZ W
KRB ES isizcli%ci & ok ¥ Water absorption (mgj/cms?-day)
Sample log gravity Moisture
: A O & =)
No. at air dry content Cross section | Tang. section | Rad. section
(13)* 13 (7) (3 (3
7 0. 49 13.0 3, 559 693 415
0. 36~0, 66*2 12,5~13.7 993~-5, 181 482~-809 329~518
1z (12) (6) (3) (3
18 0. 50 12,9 1,538 579 169
0. 39~0, 63 12, 40~13. 8 906~-3, 725 290~~879 89~301
a2 (12) (6) (3) (3)
34 0. 50 12,7 1, 485 167 114
0, 42~0, 63 11,6~13,6 557~2, 576 133~187 91~160
(13) (13) (8) (3 (2)
39 0. 49 13.0 2,486 617 510
0, 41~0, 59 12,.6~13,7 498~-5, 083 250~895 75~945
b 15 (50) (50) @7 (12) (11)
Mean 0.50 12,9 2,267 514 302

*1 : 3, K % Number of specimens,
*2 : K, B/N Maximum and Minimum.
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IV RoktEds & URKE

1. | K M

1-1 BKBOYREFHOEE

ﬁ—ﬁ*@¢@%&ﬁ&5&mﬁ@€mn,*melﬂmt,ﬁ&d&*ﬁ@@%%®ﬁbéﬁﬁm
E%REQT,%ﬂ%ﬂ®ﬁwwﬁwf¥@ﬁﬁwﬁok&*%@%ﬁ%ﬂﬁbkoﬁﬁ,&m%&wﬁ
%é,xmﬁ,ﬁaﬁ,ﬁaﬁmw,*DE#E@&*ﬁ%%kémmf,u&,xnﬁ@&méﬁfw
KEEERERIRDC LT B,

1) RBRGE

B TEE I EER® O NFICHERL L 1248, DB OB FHOEE% 1lmm » 5 15mm KB L
IR - T3 (Fig. 1)

2) BRI EE

Fig. 12 K&HAROROHDFELH -7 3 .
BRSO KE (AW : glem?) DEBHERT . o"c?:,:/mo\ (No.7)Pilh N

Fig. 12 OLOREIIBAKER, HOREIIRE °‘°\o\ / ©-0.5-0-04.90
W e CEHSBAKEIBEIC B Y 3) &R T LS ?z
L, 82 Fig. 11 K RT XS5 ADNEOERE \N‘*\\Jé m;w
i o fHRERD LT 20 HHOEEOHK .52 B I’o.{I) I(Nofns)l —
REBOLEERT oo o Lo
Fig. 11 #5252 & 5, ALy eT~ 8 25 \ g op] 70
it IR OBRIAAET, IHBSED. L :; \\/\\/\/\\/‘ u_ 50
B LRRICH - BRI « DM OBEAER - E) b ool { M a0
2D RLTOB. £LT, LDHBORKER B iﬁo (NO.34) .

ra (EM.C.:13%)

WS T = 2 —F=TH (EEHMN) 0th 5

. |
5L HNT E DB TRED, UL, —RRIcHE qv/%xijjy_ \gijif—m

WHomkE, & iCEMOZhnBRE,, L . ol 130
L L L L t L L L { ’
AEABLATH Y ET =Y DENMRE L ICRE 50| 0% T
O-g (NO : / o}
ﬁ’iﬂﬁf(ﬁ&&i?ifib\o b\\ I’O ‘\\ O__go
] L
BaAD No. 34 i, {ho 3k Ele~Thk VAN 470
EOETOBBTES, UL, 0T &AL ”f\\+Aw{/ ? 17
T EOFHERIC & 5 BEH—MIC RS i b S 1
b 5T, FOWECEENBEMTH-Tcc Lt Relative distance in cross section .
BELTHNL25DEEDbN S, Fig. 12. ROBEEZCH > BKBDOEE)
IR — Y
2. B K
] B (AW : BokE, 7ot [EHE)
-1 RBHE Patterns of water absorption amount
SOEHL A PR DRLL D B R IIC # - Tl in cross section (4 W : water absorp.
tion amount, 7, :specific gravity at

BRIz LS, TR BN air dry).
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Bk, HRAFOR&ESIALT, Aomat, SEHFROBKDOEE, HWiEHFHE JIS © 100mm X
D 10mm G 90mm, HFH¥HHORKDEA, MHEFMIZ 60mm OB/KRERE & Uiz, £ JIS
Z 2104 OWAICEERL L 72,

2-2 HBHERIER _

Table 4 IKRT X 3T, RBFICE - TRKED B/MEEBRAMOBICHBIRIT ZRES Shi, BK
BEEAD BAERMBETCRRTH - /7 uery0ehd GUHADMN: 1,944, KEM: 153, fEBHHE : 99
mg/cm?-day)¥® WHRTRIBICKREV, SHCBEEEC L 2 BREOPHENSZhICEE LT Wik
bH 5, BEEREELHTEERCRENRKELRTEANEY, BEALTOBEEOEEIELA

Table 5. 3 f5 £ X #

Results of full size

0] % H
hY —
‘T)D -i: REpREES | REHLE AR & K E Singlg(i.E knot
%pf Speci Specific Growth | poisture Zlé? . £ 0 s lﬂf i
beam peIc\:Ilmen gravity ring content ! arrg’vulce 1Wlde accla
o. A width oh g o X 8 W v o X Al[ P /o X P [ 0t/ o X )
at air dry lanter 1 %nds 1anter l %nds
area area ar area

(em) mm) | @ | Mo e | s | e
5 0.55 7.6 15,3 9.2 13. 4 14,0 11,2
8 0. 54 10, 4 15,8 13,4 25,2 12,2 10,5
10 0. 48 — 15,5 o] 15,9 8.4 15,6
18 11 0. 55 11,7 15,0 13.7 15,4 16.9 14,6
13 0.51 8.5 15,5 0 11,8 14,0 15,7
21 0, 47 9,0 15.5 0 20.3 12,8 10.6
23 0. 55 7.5 15.1 25,7 15,9 21.9 16.9
26 0. 50 —_ 15,6 o] 21,1 16,3 16,8
3 0. 64 8.3 15.8 0 18,7 12,6 12,6
14 0.54 8.3 15.9 11,0 14, 4 9,1 14,4
21 15 0.63 — 16,4 9,4 11,9 6.7 12.0
17 0. 59 6.9 15,8 28,8 14,5 27,9
25 0,43 11.6 14,8 33.9 28.8 21,0 20,0
16 0. 44 10.3 15,83 0 0 10, 4 11,2
19 0. 46 7,8 16,2 o] 18,5 0 14,6
24 31 0. 48 11,1 16,2 ] 0 7.2 11.4
33 0, 57 15.8 15.7 11,1 13,6 6,7 12,1
35 0.51 4,0 16,1 10.9 9.2 6.7 15,5

22 0. 66 9.8 16, 4 ¢} o] [¢] 0
27 30 0. 57 11,4 17,0 10,1 9,3 7.5 8.9
32 0, 62 7,3 16,2 0 0 13.1 13,1
Mean 0.54 9.3 15.8 7.1 13.9 11,0 13.6
all over S.D. 0. 063 2.6 0.53 9.4 8.8 5.7 5.1
C.V. 11,6 27,8 3.4 133 63.1 51,9 37.8

Mean : 3¢ #J {f Mean value
S.D. : [E¥E{FH% Standard deviation
C. V. : EEEY Coefficient of variation (%)
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EFNEFERSTHNEDTHAS D,
HWRELT #)eT7=YREBAMOBLIREVEHBONDO—-2LEL L,
¥ OB X

V S EMMHE

AV ET =Y OBEME UTORERELEEET 20D, AL IEAMOMTERRE, RN
R X 5 RRETT 720 ke, AKATORENBEDSHREMS120IC, BRANREIC L
5% @Ha%%ﬁ') f\:o

o TR R MR
bending test.

Ratio of knot size to the face width ey Es AR I ae §

Knots in group within 15cm Modulus of Stress |7 o R
Elasticity at  Modulu: . .

® v M| E W @ propor- | of Ratio | Strain

Narrow face Wide face tional rupture
B UG ﬁﬁlh@ﬁﬂ@l/szrﬂﬁ THAKE g ZL o | om | oplom | omlEyr

l?grgfga lllézna(i'sea 1 /gr;t;:;‘a 1/}§narsea (10%kegt/ g (10%kegf/ 3 (kgf]  \(kef] 9
@ | @ | @ | @ cm® B cmd emb ) | B

9.2 13.4 14,0 11,2 105, 8 91.0 284 432 0. 66 0. 47
20.1 33.5 20.5 10,5 69,1 69,9 178 370 0. 48 0.53
0 15.9 10.6 28,4 59,3 56,6 256 364 0.70 | 0.64
28,3 15.4 27.0 27,0 121, 3 110.5 380 480 0.79 0. 43
0 11.8 14,0 23.6 98. 4 87.5 262 398 0. 66 0, 46
0 20,3 12.8 13.9 101.9 96. 4 338 505 0. 67 0,52
25.7 15.9 21,9 14,1 107.7 98,9 305 318 0,96 0.32
0 21,1 16. 3 16.8 84,8 81,6 286 539 0,53 0. 66
0 18.7 12,6 12,6 156.3 138,9 356 605 0,59 0. 44
11,0 14, 4 14, 4 22,0 90.0 84,2 232 443 0,52 0.53
17,0 11.9 14,9 21,1 82.8 75.8 310 518 0. 60 0, 68
0 28.8 16, 3 27.9 141.9 132,0 389 457 0.85 0,35
33.9 28.8 21,0 20,0 63.5 65,7 167 194 0.86 0. 30
0 0 10, 4 19.1 58.0 57.5 212 373 0.57 0,65
0 18,5 ¢} 14,6 101, 8 97.1 252 369 0. 68 0. 38
¢} 0 7.2 22,8 75,5 64,3 282 528 0,53 0. 82
11,1 13.6 6.7 18.8 78,7 69,2 256 378 0. 68 0. 55
10.9 9,2 6.7 24,7 86, 2 83. 4 262 376 0.70 0. 45
0 0 0 0 — 134,0 275 398 0. 69 0. 30
10, 1 9.3 14,9 10,4 56.8 57.8 185 368 0.50 0. 64
¢} Q 13.9 57.4 1251 109. 8 335 527 0. 64 0. 48
8.4 14,3 13.1 19.9 93,2 88.7 276 426 0. 66 0. 50
10.9 9.5 6.7 11.1 27.8 25.2 62,1 92.9 0.13 0,14
129 66, 4 50.8 55,8 29.8 28,4 22,5 21.8 19.1 27,6
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1. REBHEEREE

-1 & B #

EHEUMTAICEBLTIE, LXOERRIEULT, RY¥WE 18cm, 2lcm, 24cm, 27cm D 47&
MEL, 2nENS, 5 5, 3k, A 21EEEL, HOEE 12cm E—FCLMRIZ 4m T, WTh
LLEBHTH » oo RREBICL-T, TATERBITELUE, ARICHEL,

R A NRBRIAO BT REMAR, JIS Z2113 ik#HlL, —WOE L% 26mm K& T ThHDRE
i3, FAMOEXRMTRBRKTE, EHRESAIID, BAM1ESZD 6 REAR -7, ZD&E, #
BELORBREAERNT 2L OB L

AAKATOMTHRED HEEm5cHic, KOBEXFEHT, 25cm, 29cm, 37cm OALKEL 14T
D& 3R, REBRGOhOMEFEE OEY, Mo FROKETHELT, —I5 25 mm QRSN
AR D R RBRRE AT - o

1-2 HEF&

S OEAMTHRBRICA BRI, MEOHEKERNEL, oL, HRLAEKRE UTHEER
ok 1/3 K&, W 1/3 KB, E0E, RO, 5k, BMTREROMRLERTLOL,
MEAI 15cm K@ s 3 BADEMIRLELGE Lice 08, i 1/3 XA, STk HEE
DE— AV —EREKHI D,

ERMT R, XAMERE 360cm i & > R EENERWEFRNERA L. tbhI2ORER, A
ME#OhRs, =—4 ¥ —EXEAIK B 3250 80cm KU TiT -7 BT HEERIT, KT
LB EDP S, $2cm 0B I0OREARRD, FEFHRIE, LE S/KRBEREL:,

R ANARAROMT R AR, DREFHELRT, EMERE, ZO¥0D 145D 3Bem T
BHofzo WEL, HEBEICERF L

2. HBRERLER

2-1 FERphv Bk

BONCEA OEAHITREBFERE Table 5 itRL7, ARICBEARKC Lic, KELE, FHEH
8, Ak, HEk, -2 v b —FEXETHREL I bAIDHE L i+ >~ 88 (B, XA
OHRTHE LictebA K DHE L ¥ v 78 (Eo), WBIRE (op), HFBEEY (on), Hopfom,
on/EL TEOINAFEEBEEBRY 0, [ELER, PHETO.54, B/MEO. 47 » 5B AME 0. 66 DHF
ERLTOI, FEFERIER, WENRELHL3EE 70T, ThoZBROTEONEEELS
L, FHET 9.3mm, F/ME 4.0mm S BEKIE 15.8mm 2R LT, AkER, FET 15.8%
ZRL, B/IME14.8% o BRE17.0% OEALZR LT, HRLE, HEMEAN, £4Ed, &
£ 1/3KETRE, ROETENENT. 1%, 8.4%, TEROETILO0%, 13.1% Th 1. ThicHL, T
B 1/3 XTI, RO TEMBARETL 13.9%, HEPEis14.3%, EWETRU 13.6%, 19.9% &%
PREMEIIL > Tt

Y v r@m%E, E, Ep & HEEENRENEN 93.2X 108 kef/cm?, 88.7x103kgflem? T&H » 72,
LhL, 20@BEEMIE EL TA3E, 56.6X10% kgf/em? » 5 138.9x 108 kgfjcm? & K @EA R
LTk, EBRHS, 848 Th-7,

BB RIZ, HED 426 kegf/cm? T, HER(K No. 25 OfEY 194kef/cm? TH - fofhid, <7
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DOFEIEEE 285 kgf/cm? O % L[l T, FEAM QM BIBEREICHT 2 WAIMEDkIZ, T
AT 0.66 2R U7, HEELEE, 0.48~0.96 L73-THY, Uhicid, BHELDEHAVHD
B EBIWDIL D, onlEL TROINSREEDOMEIL, FHET0.50%, FHI 0.32~0.68%
ZRLUTWHW .

FAOHEHBEOXRNETE LTI, SIKERT 260021 Fif 11 ZRDSEDEL, ARPH
mo, SEEHNOEHSICLEbDLENEN 1~ 24T DH - oo BOEICHNIE P - M TR, KF
BANIC L ZREATR Uf (No. 32) & 14kdb -7, i, ERWHEAE LT, BHOXRNRAT 24
ETEBVESLHED 1o ThODIEARITIE, oplon 530.5~0.6 TEHEL D PPELS P2 on/EL
MEFEIOPPRENVEASED SN, HROEE LR, RARBE T 2EASED oi, HEDIC
A U CHEEE Uf (No. 30) T, BELOFLCSBEORENEEL, MB¥EEHOT » 2L
LTV, ZDBE, FROMESELZTAEELTOS LRV, WYY /B, BLikben
27 cm O MO RBRIC HE L TREICEL, 57.8X108kgf/cm? TH -7, FRIKL TR, BED OF
BICEBZEL ILERDA D,

FRBREAZME Liih - -3 BRE (No. 25) 13, TROTEICHTEM 33.9% OffissH 0 fid —2 & LTHE
HELTORdiL, bAVEEERU, on & E, Er SOHBERKIE, 220 0.55%, 0.43* TF
LEVHBRENE LN DR, on i 1/3 REOBMEIELEDOBO —0.64% TH - 72,

FORODHFBRRRICREZTREEBICOVT, fohkTF -2 0BBEATHIARTERZAD ST &
RTEBhot. 4%, BHOF—22EHLTOLHLENSS I,

2-2 $ERGENABMA D S R

A 21 kD 5 B, No. 22 DREBRKZRN M OIEBEEES D 5, FEARM 1KRICDDT 6 ROBRAN
RBEE BT - 2T RBROEEOFESE Table 6 IR L, ARICIZ, SEHLE, thdy v /&
¥ (E), PR (vp), HiTBEGRE (on), W oplon, on/E TROINIFEELET 12,

S[ELEOMIL, BEREET > THRENWAPTORELET, TOFHMEL L TO58E N,
L L, ZEEHEREMS17.7% EASNC ERRBMNTE 2. BE, BREVNRREKDBEOEERKIT,
10% BEEISNTVEDHETH D, 20T LY, E, on KHEEBLTHWEEEL LN, ThENOES
BB, 34.4%, 25.1% Th -1z,

¥, E, om OFHEI, £HEh0 85.1X108kgf/cms, 762kgf/cmd &, HET#<YOEE, 1312
RUSELE0.54 1Icx LT, 110x10°kgf/cm?, 906 kgf/cm? DENBE LN TN RO O L BT 5 &,
AiE T 23%, BB TIBH ENMEELTL - Tk,

Btkic, [ELE, vy 7R, BORE, BOBEAY, REBICOWT, EXHOERE, &
RENRBEDORERLOE & - TEEL, T EOEERE Table 7 KRULIk, [ERE, hFv v/
B (EAMTIR EL DR E -TV3) &b, 20KDFHYT, RFL0ERLEL, chiel, 3R
Tidd 50 WPIRETIZ 0.75, BT REFEE TR 0.56, (AT TR 0.55 SEAMOH I ENEZERL
7o

2-3 AKKTOMTREDHH

KOOEHERSS, 25cm, 29cm, 37cm O 3EDIKLY, 25X25X400 mm O R ANRBR A
ZhZN 30, 144K, 38ik, A 82HEAM -7 COLE, AKATOMBEETRY B> OER
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Table 6. MR ANRBERIC L 2T BER
Results of bending test on small clear specimens.
spiEs | mwwm | voomk| womm | B0R2 | I RAE
No, of . E oy A om omlE
specimen S.G. (10 kgcft/n 3 (kgfjcm®) | (kgf/cm?) oplom (%)
5 0.56 90,7 399 786 0. 50 0. 88
8 0.51 63.4 329 633 0.52 1,03
10 0,49 41,5 234 572 0. 41 1,43
11 0. 58 91.3 419 870 0,48 0.99
13 0.56 86,1 442 805 0,55 0,96
21 0. 53 100. 8 420 866 0, 47 0. 88
23 0.52 100. 5 387 767 0,48 0,90
26 0.80 89,4 384 728 0. 54 0,81
3 0. 67 125,2 463 926 0.50 0.74
14 0, 57 77.2 371 747 0, 49 0.97
15 0. 63 81,7 307 760 0,40 0.95
17 0. 64 132,0 483 944 0.52 0.75
25 0.39 69.5 327 605 0. 54 0.87
16 0,41 66, 4 309 566 0.55 0.88
19 0.50 102, 8 428 817 0.53 0.80
31 0. 56 80.6 358 826 0,44 1.03
33 0.50 58, 4 311 652 0.48 1.13
35 0,43 81,7 378 693 0,55 0. 85
22 — — — —_ —_ —
30 0.55 63. 2 268 666 0. 40 1,07
32 0,70 99.7 408 1,016 0. 40 1.09
Over Mean 0,55 85,1 371 762 0. 49 0.95
all S.D. 0.09%6 29.3 106 191 0,078 0.19
n=1201| C.V. 17.7 34.4 28,5 25,1 16,1 20,2
S.G. : XK@ kE Apparent specific gravity at air dry
Mean : £ ¥ {fi Mean value
S.D. : E#/F% Standard deviation
C.V. : £8{R# Coefficient of variation (%)
Table 7. XM ORRFVNRBRIRICKT S 5 il HERRE R Ol
Ratio of some mechanical properties of full size to small clear specimens.
smE |BTYYORM| KARE | SUmmE | K 8 B
Er oy Om omlEL
5.G. (10%kgfjemd) | (kgflems) (kgf/cm?) (%)
Mean 0, 999 1,02 0.749 0.562 0, 545
S.D. 0.102 0.13 0, 147 0, 098 0,134
C. V. 10.2 12,7 19.6 17,4 24,6
Min., 0.89 0. 80 0,51 0,32 0.35
Max. 1,19 1,36 1,09 0.74 0,82
See footnote in Table 1, 2
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Table 8. u X B O i ¥V B B © 4
Within-log variation in small clear bending strength.
- v .
HP o2 | stk (bt o 0Bl [ELE %ﬁ;u% LOBE, [BIBBER » & w
Cambial | No. of fll?istangze Specific o of proportional of Specific
age specimen om pith . tggalz_nas; elasticity limit rupture strength
DfP ¥ E ap Om onfS. G.
cA n (mm) s.G. |0kl | Gegffemd) | (egtfem®) | Gkm)
o] 3 0 —_ 37.5 246 412 4,7
1 5 35.8 0.38 37.2 175 391 10,5
2 7 54,6 0.53 61,6 273 549 10.9
3 8 68,1 0, 48 61,2 280 582 12,2
4 8 81,5 0. 49 63.1 279 599 12, 4
5 5 104, 4 0.56 96.1 461 806 14,4
6 16 113.3 0.52 87.0 375 722 13.9
7 6 113.7 0.50 71,2 317 660 13.3
8 10 133.1 0.58 100, 3 410 782 13. 4
9 1 130.0 0.63 123.9 437 840 13.3
10 5 166. 0 0. 63 123, 8 486 903 14, 4
11 4 160, 3 0. 61 111, 7 477 836 13.8
13 1 164.0 0.63 88.6 367 658 10,5
Table9. #H B & ¥ — E &
Correlation matrix,
B b DEERE Spjiﬁ% gﬁra%ity B R R %tﬁs‘? E BT ¥ v 7R
from pita | inairdry | MRS ST | proportional | MRS B
DfP S.G. Om op E;
CA 0, 95%* 0, 73%* 0., 69%* 0. 61%* 0, 67%%
DfP 0, 77%%* 0, 78%% 0, 72%* 0. 76%*
S. G. 0. 85%* 0. 78%* 0, 79%*
Om 0, 94%* 0, 94%*
oy 0, 92%*

(DIP) L&ERDHK (CA) EEEEL. BEDLDIT, 82 EKDPIBRRKOPLCHESL D%
Z 1T, HIEEGATH S, HURROMKEE, CA TEBHLT Table 8 I RL7%, Table 8 T
2, ROFHER 25cm AP SRR ->72dDD S5, 77 LUl Shl SROBBREOBEER N,
I 34k, WIhd CABI0ET, ZOVPEEEESE L, KELENN066 K&, WYy
FRYAT 44X 10 kgffem? &5 KTE, HYBUERRIL 680kef/cm? TF -7,

zhbd CA (ERMOMN >0, LIFEL), DIP, SG, E, p, on X EOHEDHD, HEFRK
ZEHBL, Table 9 IRLz, WIFNOHERRSBERE 1% OKETHETH -, Fig. 130, #R
oD CA & DIP LOBFRERL, RAR» L, HAKOEROBFRILIBL LD, F/c Fig. 14 i,
om & DIP, Fig. 15 i€ E & DIP L OBFER U, SEME L REARTIE, DIP A& 3IcL
T, om E EDRELZHPANED SNz, on % SG CHRLUTESHIHITORER L, DIP



#ihbOERNE Ring No. from pith
1
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] 1 L 1. 1 1 1 L 1 1 1 1 1 L 1 1 1 ]
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#Uhr HDIERE Distance from pith (mm)

Fig. 13. CA L. DfP : 0 BB &

Relationship between ring number and distance from pith.

1200

900

600

gh (755 (%2 Modulus of rupture om (kgi/cm®)

50 100 150
#0h 5 OIER  Distance from pith (mm)

Fig. 14, o, & DIP - 0 B8 &

Relationship between modulus of rupture and distance
from pith.



BIFv > %% Modulus of elasticity E (10°kgf/cm?)

HIFOF, A  Specific strength in bending (km)

T4=V—ERY T =Y (BFEEKRKFEI)

O 1 L. . 1 1 1 L L 1 A 1 L 1 1 1 1 L 1 i
0 50 100 150 200
WorSnIER Distance from pith (mm)
Fig. 15, E & DIP & o B (%

Relationship between modulus of elasticity and distance

from pith.
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Relationship between specific strength in bending and
distance from pith,

— 41 —



— 42 — M%ﬁﬁ%ﬁ%ﬁ% =338 &

20p
~~
£
x +
g
o 6p F +
5 + i
- :
£ + f ¢ +
gl M i + o+ % +
B 12+ + + + * +
c o+
[ + j: +
— +
b7 - +
L
he +
%] 8k
@
& +
g
S
'41: b
#H
O 1 ] 1 L 1 1 1 1 L 1 1 1 1 1 l
0 3 5] 9 12 15

#hrHLOERBES Ring No. from pith
Fig. 17, thf ORERE &8 5 DEROK & OBEE

Relationship between specific strength in bending and
ring number from pith.

LoBF%E, 72 CA LoBEE+n2h Fig. 16, 17 KRk L7, DIP Tid# 100mm, CA T35
ERRMZILD, BEBNIE—EEL>TOACEBHSHLTES %,
B H #

VI O EMORERHE

D EMOMBRER, SEERRRELUCR Y V2 —vEBERREBETD, BRAY Vo —LaRET 2,

1. HBHERBIE

-1 & #® #

ZORBRTHBOHZEHE, 1BEOREA» B DTS 3,

a) WRRMHER

RERMTERES 2cmXiE 10emX £ & 30cm T, T XEHAWOH, HEARDHBOBD 4 #5084
Al TNOURBRMOBMAIEE KCRAORB=2Ta—5F 4 ¥ L1

b) SHTEAR

HEHTERES 2emXiE 10cmX E X 20cm T, $XTHEAKRBROMTH 3, COEBRTRUES
KUOROZE -7 ¢ Y7LV D% 3B L,

C) Ry Ya—ERAR

HEHOTHIES 2.7cmXIE 20cmX EX 60cm T, T XEARD M, WEARDHE bt
Ui, FAIELTEAKE LI, 12FL, 7 Ya—n%dk No. 2 OEBRTI, EAOEETEXH
M1 U R TE T, o1,
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1-1 ZBEEBLUCRBAEOHE

LT TIT- 7 RBRIL, ROIHEBTH %o

a) RRERR

HRRIABRE 60°C, BBEREEER 25°C D—ELMH T CREL, BRRHORBEELMRIT S, KAk
> TR SNIEARFEERE £ 13, HEBOHBEEDHFEETT,

(u-ue) — (“a“ue) gkt i (1)

T, g BRAMORULDDEKRE (%), «:tHEEBBROEKE (%), . ERRHAOFH
BKE (%),

(1) RiF, SOERKROISICHFSHMRA LT LENTEZ, THDB,

-‘fi—‘;=k(u—ue) .............................. (2)

z iz, duldt: BARKAOGERERE (%/hr), k: GREERK (1/hr),

Z DA DEROHMEEEIZH 1 m/sec. TH 5,

b) AEEIRRER (BRF% 1 100°C 7R 1)

ERREE 100~105°C ik iR L ERERBHhcHR L, BRMicEbhEEHh, B524 (EEE)
BIUABLND 3BEHEOBREOREDS, RHOBERERA T ¥ o —VvREEEETIEDTH %,
CDRBRERFRICE-TEREESNHOT®, FEMLINTHELEELLNT NS,

C) Ry Vs —VERSR

b) DLEHRABROBBIESOTHETE LAY Yo — &t (No. 1 &M, Table 10) &, HE®D
7odiC, MEAERLT No. 10 LD PPENREDR T ¥ a— gtk (No. 2 &4, Table 11) 28
HTRBRLU, XHOWERRELBRAT 5D TH 5,

MR 1. 5m/fsec. & L1z,

2. HBHRLEE
2-1 RRMERBR
CORBRTR, AKE15~10% HAORIRHEE, X CHREOIRETH 3 WARKERIK £ 2RD 7,

Table 10, #HBA 7 ¥ —delt (A)* Table 11. B4R 7 ¥ o — i (B)*
Drying schedule condition (A)* Drying schedule condition (B)*
& Kk H LREE | EEREEE & Kk F EREE | wEREEZE
M.C Dry bulb Wet bulb M. C Dry bulb Wet bulb
e temperature | depression C temperature | depression
(%) %) ) % (4% o
H ~ 60 60 4 H ~ 60 70
60 ~ 50 60 6 60 ~ 50 70
50 ~ 40 65 6 50 ~ 40 75
40 ~ 30 70 10 40 ~ 30 80 13
30 ~ 20 75 15 30 ~ 20 85 20
20 ~ 85 30 20 ~ 90 30
* TORFYa—-nid, SHERBROBEDL OHE * ZORy T a—WERYY a—VADEREE
ELIbDTH 3, TEHDEDTH B,
This drying schedule was estimated from quick This drying schedule was applied in order to

drying test. compare with “schedule A",
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Table12 BEOCOE B HRABR KR
Drying rate and coefficient based on drying rate test at 60°C,
SKEI0OBICET 5
2 = A B b A kE ERLE At 10% moisture content;
Mark i;xgﬁ Initial M. C. 2}13:%11{;; D%yﬁgﬁréﬁte %%ﬁn%ﬁr\ﬁek
(%) at oven dry (%/hr) coegxc/:}l&gt k
R-1 158, 9 0. 45 0. 48 11,0x1072
R-2 ¥ X H 128, 8 0.52 0.32 8.7
R-3 Edge-grain 109. 3 0. 55 0.32 7.9
R-4 72.3 0. 50 0. 36 8.4
Mean 117, 3 0.51 0.37 9.0
T-1 49,3 0. 48 0.59 12.4X 1073
T-2 b B 81,0 0. 43 0.82 15.9
T-3 Flat-grain 92,4 0. 50 0.57 14,4
T-4 107.5 0. 47 0,63 15,2
Mean 82.6 0, 47 0.65 14,5
Table 13. 2w BRABKREIHEERLH
Results of quick drying test and estimated drying condition.
: X H o ' OE* akE1Y WE I K Kk FH
e AR Grading of defects ;f@ﬁﬁ Estimated condition
= = .. B
5 | Initial MDrying | DR (ORI KR
Mark | M.c | 9EE | wEEE | pman | o0 g R B AR K
s Initial [Deforma- [Honey- 1% M.C Initial Initial Final
(%) checking tion| comb (hrj ‘| DLB.T. | W.B.D. | D.B. T.
&%) &%) &%)
C-1 118, 6 No. 2 No. 1 No. 1 13.2 60 5.0 90
C-2 150, 5 No. 1 No. 1 No. 1 11,0 70 7.0 95
C-3 127,9 No. 3 No. 1 No. 1 12,2 55 3.0 80

*: 5 BEFE LI XY, BEBKENIORERADBHE T LE2KDT,
Evaluated by 5-step-grading”. No.l means “None or Negligible”, No. 3 means “Moderate”, and (No.
5 means “Severe”™).

TN o DHERER L UAM OFMEKE, WETLZ—HE LT Table 12 iIKRT, E/KE 10% BKAOE
BREE ¥ 1o R EAREE R, BRI K- TETOR O 2ERH 50, BEORIIAAMOM LD D
BEARD MOFBREN, VE, BREERRIOVWTE IEHERAM EORELRYMEE, 1:1.6
LB, —MIC, HERMICBO TR XAV EHEM LORERER LOIGENSOBEHL, HER
1.5 XDRENHERPM L LTRTHFFRABECLBoniHic LA RSN,

7%, Table 12 ORBRM O 52 HICOWVTR, S KEISENS DI EEBRREE P HEE RN
REVEIEZBRZIONED, BRIOIOIUWHRBICE DA ET, BEBRE THAKROEE
L 10% D & 5 ISBENWEKET ORIREE & ORICIAMS BRGNS 2 LB L H0,

2-2 AR

LBFERABRTHONNMEN, WEREES LURBEANL EDEREE SBRETHEL, hick
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DOTHE L7 RRSRHF%E Table 13 1TRT,

CORRERD LAY T wvHiE, PREBVASNSPPRELDPTVIOHEETATVEZE, &
BRALEFHSATENL EORFBRMIC DN TIZIZ LA LRERBNC LR EMbh b, ZOXSBHEE
MA7-EBRERDP S, JEE 2.5~3.0cm ORMICTT BEIENS 24 V= —VBRERE LTI, s3I
"L/ Table 10 BEO & DHEZ SN 2,

AERICINY, CCTERALAEA IV ET YR, BREDEI (WEDENLD), YH, #5<Y
RECENER LOUEEF >TED, TRMOL T 527 s —IC ULE LEL SN B3, Hig
FHERINOOB IO EPPKED (BRIHD) LHEFEINS,

2-3 24P —nEIRRB

B2y Y 2— A (Table 10) € L 2EBRBNE Fig. 18 TR LIz, $7o, BRETHOREN
ERER % Table 14 10737, Fig. 18 O%MiLBEL 2 &, T XEH, HEM LS, KDOBEEN2H
DTEFTHEZEMNIDMNAE, UL, SSOERMARTRNLLIN, BAKKRTOZ IEME
WEMORIEREREEDENIFDHO, F 7o, MPMAKENTOMTS (120% BE) # 35 KR
BLIERTE, MIHERECBENMEREIMEECAKEIGEL TV S, SREMICOVTEE, SHHh
5EKE10% T TE L FEKEE0% » 5 10% £ TOFRFERAGH Table 14 IKRINTIND, T2 TH

130
1204 —_— O R-1

ce--@---s 2
110 —_—A— T

A A T2
100

90
D.B.T.

4

Moisture content (%), Temperature ("C)
D
(=]

a
m

W.B.T.

'K #E (%), i

40
W.B.D.

30

20

10} \\“8

== 0~0<6
0 ] I i ] i ]
0 10 20 30 40 50 60
28R Drying time (hr)

Fig. 18. AV 7=V DEERE (Ry Y 2—VA)
Drying process of 2.7cm thick board (Schedule A).
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Table 14. By Yo —n (A) OBBRICET REHE
Drying time, defects and shrinkage of 2.7 cm thick
board by drying schedule (A) condition.

] W W] mimesm i 5 st
i 5| &K B b | &/KE Drying time (hr) Drying defects oven dry (%)
Initial 5 -

: Green— B VHBEN | By T RUN | = IEXG
Mark | Sawing | M.C. 10 %010 | "mitial | “Cup_ (% 223 Twist | A [Thick-
(%) (%) (%) |checking| (mm) PS€ (mm) ness
R-1 E%gé::-g 67.3| 42 30 % U .8 |7 L| 10 2,29 | 7.44
grain None None
R-2 ” 73.2 43 26 7 3.1 ” 14 2,29 7.54
T-1 F?zt- £l 117.5 42 18 ” 2.8 ” 9 3.79 1,89
grain
T-2 ” 88,5 43 24 #” 2,9 v 5 4,53 2,55
1D Ay FIRE 20cm ORICE T 5 H,

Notes :

Cup was measured in width of 20cm.

2) RUHIZEX 60cm, I1E 20cm Ozxd 3 4HE,
Twist was measured in length of 60cm and width of 20cm.

=R 3

'K E (%),

Moisture content (%), Temperature ("C)

1200~

e @eaen T3
110 AT
..... A___..T 5
Q
100}~ —Om—15
900 D.B.T.
o)
sof- \
Q
70 \ :
a]
eol_\.\%l&——i W.BT.
2:.. '\D Q
NN
5ok "le, \
A
\ =N o
a0}

.
N O
Ay ‘\.
A e e
30 \ AN N W.B.D.
A RSN
< 5

20 Sag f
O A s
\“\ s o O,
AT
10~ P O\O o
UE:@:A—'-E
I} | . 1 1 I
0 10 20 30 40 50

g5 /20508 Drying time (hr)

Fig. 19. 4 ) 7<=V OEBER (R F2—B)
Drying process of 2.7cm thick board (Schedule B).
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Table 15, #RA 47 Ya—iv (B) OBBIBY ZHERR
Drying time, defects and shrinkage of 2.7 cm thick
board by drying schedule (B) condition.

o oW wmRE B & stlérﬁkuﬁf to
£ 5| KR b | &kE Drying time (hr) Drying defects - oven dry (%)
; Initial (Green- 0 | BBEN] AT . P 4= [EPHE]
Mark | Saming | M.C. 10] 5019 | "mitial | “Cup_ [EB2%) Twist | BIE Frhick-
(%) | (%) | (%) |checking| (mm) PS¢ (mm) ness
ISH >
) s L 7L
R-3 Edgiain 120, 8 43 21 None 3.0 None 9 3.92 7.71
" B ,
- . L U B %
T-3 Flagtrain 59,0 34 28 None 2.1 Slight 7 3,97 2,18
T-4 ” 48, 2 33 —_ ” 0.5 ” 3 3. 63 1.88
T-5 ” 56.8 35 32 ” 1.2 ” 1 4.50 1,96
T-6 ” 64, 4 36 28 ” 1.8 ” 4 4,23 1,59

FE:D Ay FPRIE 20em O iTxd A48,
Notes : Cup was measured in width of 20cm.
2) AUHIZRE 60cm, 1§ 20cm O icxd 3 fE,

Twist was measured in length of 60cm and width of 20cm.

LIS KBOBERKX N Etbhd, Th ExXF T a—n
5D EMbh, ZOMRBKSOBHHRBIFT iﬁfﬁi?mgmmmmOfmwm
b5 ELHWTE B,

. & Kk R % R B E BEERREE
ERJoBED DB, WHoENIZE BEL M.C. Dry bulb Wet bulb

(%) temperature (°C)| depression (°C)

hoteds, BED (o) Phbhiz &k

. - H—60 60 5
NWREMNICREY, BBRAKICONTR, COE 6050 0
BEOHZREHFZLIIBMERLZVWESTH 3, 50—40 65 8

Ry Va2 —VADERBREABZ L, TOD 40—30 70 13
30—20 75 20
SAFIERE, BELHICPPFHDTH -7 L4l 20— g5 o

N, TRIRIVDPDPERDDR Yy Va2 —n
BRDOWTHEERLY, COBLOEREBR%E Fig. 19 i€, *7:, KMOREHERES Table 15 IO)
Lz
BRRBIEODVWTRIZDRATF Va— VA EBICERE EZARRWESTEHES, LL, Table 15
DEBDS L, EIHADBE XK - 1 WAHCPREBALBED DN/ &5, FMPOERIBEH
PRRDTH - EFELI LN,
ThoDERBERZRAMCHELT, oM () 7oy 2.7cm BEH) IKHYLEL LN 858
AY Y a—nERET, Table 16 DL 3185 D, £, AHMPSEKE 0L THRTHICETSH
Wid, 2REEEIEITIV. #FE, CCTHELAE 7)) e =YL, SElMohcd ERDR
{, BERSHBHWEREHTH LRI, 2 R B R
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VI AT

EHRAD VT R & LT OB EIT - 720
1. HRBHEeEBRAE

-1 R B #

RBHZ REERICXD, KEH (Bl~42cm) BIU/MEM (21~2cm) @2 7/ v—7 (1 7 v—
7 AR g, BREEROHEE 1m OB, S BEX 2cm OFEE LD, FoFyE8F Y-tk
2T, BEX 2~3mm OF » 7EAK LI,

1-2 ABFH &k

1) BB O LM

KDL TIS HIRICHE - TiT o720 T o — RDERIZ Wise 3219 104 - T,
— AT 4O & L,

2)

F o7 5008 () & 41 BA— + 7 v—T7iciEw Table 17 IRY 3 &HFic Lichi-> THERB U,

R T ot 712 150 mesh 0 550 ETHMEL, HEETHEL (7,500 @) %, 10cut 7755 b2
I —YTRE LI, BENI VT TR, 7y —WEREL, BrBak XOEIFRICEL,

3 & =

ERHRRE, BESHN (Table 17 2R) THE LI/ A 7%E AL, Table 18 OBEBRHTIT 7o

WERE Y

A (4

Table 17. #® # & #&
Cooking conditions

” ERTvhY Wik B 1 - 4
7#* Cﬁ?‘ ki% ik Active alkali IhSulﬁdity Liquor to
03. i g (as Naj0) (as Nag0) wood ratio

conditions (%) (€ (I/ke)

1 14 25 4,511

111 16 25 4,5:1

jlig 18 25 4,5:1

HREA Yy Y 2 —v  BEEEEE 170°C, SRR 1.5hr, F3ERM 1.5hr

Cooking schedule : Temperature : 170°C, Time to max. 1.5 hr, Time at max. 1.5 hr

Table 18, = £} % #
Bleaching conditions
e ¥ EAHBME NNV EE i) E KB # i
Chemicals Pulp consistency Temperature Reaction time

Treatment (%) (&®)] (hr)

L al o — D 120% 4 =z i 1

. 2 120% of Roe no. Room temperature

2, NaOH 2, 5% [ €0 1

3. Cl0O, 1. 0% <] 60 2

4, NaOH 1, 5% 6 60 1

5. ClOg 1, 0% 6 60 2

* XIS Pulp basis
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v — Tfffiid Tasman & D FEOWC LD H oS —WiCRE (0.16) 2FE U TRKD2, T PC i Giertz
DFEIC LichioTRD Iz,

=y

R, P JOERAER

AL PFI 2 % W, TAPPI EEERET Lol T, 7Y —4F 2% 220+£20m! (CSF) & L7z,
iR TAPPI ez, #7080 3BRIZ JIS |AR® e Lic i - TiT 5 720

2. BRE

Z 5

1) AR OsMT#ER % Table 19 {TRT,
HYVET=VIR, THZYIEN, fdobkro—2, ek ua—AD5ERITIE» 7258, 1 %NaOH,
Bk HEL L) = vERRABETH - 7o

2)

NS CREEE TN

o— i XOBAREEOBFEE Table 20 iZ/RT,

HVET Y ORBURT A=Y LOBNTED, BETAHY 14D OEBIBNT,

THRTIRN

VTERETHZOIKL, A T v ViR v bdni, BTV H ) 16% 5 XU 18% ick

Table 19. f# & # @ (b % # & CGHasRHd, %)

Chemical components of wood samples (% of oven dry wood)

Toa—i e N

=% ¥l 1% NaOH #HH# S Y ) 7= v | kokra—X | etk —2%
Wood sample | 1% NaOH ext. E% enggl e ext Klason lignin; Holocellulose | e-cellulose
VN S %)
Small logs 8.52 1.73 27,75 77. 44 52,09
N # %)
Large logs 9,85 2,69 27,92 76,55 50, 62
T e
Pinus densiflora 10, 60 2,20 27,08 74.65 -
Table 20. B EH &L Vv T O Y HE
Cooking conditions and properties of unbleached pulps.
® R | mman X E Yield () m-xfE | BB OKE
Cooking = & £ :
Wood sample condition | Screened | Screening Total Roe number | Brightness
- 47, . . . .
I ® H I 7.0 7.6 54,6 12,8 11,5
I 47.8 2.9 50,7 10,1 12,8
Small logs i} 46.3 0.8 47,1 5.9 14,2
P 46, 2 7. R 1.7 11,
N *® o I 6 1 53. 4 1 9
13 46,8 2,0 48,8 3 13.0
Large logs m 46, 4 0.5 46,9 14.6
1 % —% —%
T oh = v
. . g 44,1 8.1 52.2 10,1 10,1
Pinus densiflora o 480 14 49,4 6.4 14,9
* 1 REBT VTR EE  Not cooked

I,1I,II : Table 17 &K

See Table 17.
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Table 21, & &5 +» » 7 © #H B
Properties of bleached sulphate pulps.

i &
S # | o—zqg (B YedB g o glr c &

ERBHEO |dFyTHHED .

Wood samples | Roe number Unbleached Oven dry Brightness PC number
pulp basis chip basis

7N P

Small logs 5.93 96. 81 43.41 81.7 1.59

X #® ¥

Large logs 6.36 96. 41 44,73 82,4 1.35

T h vV

Pinus densiflora 6.46 97.10 43.60 87.6 —

Table 22. #& 7 R B # #
Evaluation of sulphate pulps.

PFI 3
g 1) 7 ]) b v N
5 g | Emas @ om | o | BER)QRER ASIREERS 375 Ln 2
Break- Folding \poo.  |PFI mill
Wood samples | Cooking {Density |Elonga- len 131g Burst | Tear endg;-c e nessjrevolu-
condition |(g/cm?) tion| (krgn) factor | factor (MIT) (CSF) tion
(m!) | count
1 0.57 4,1 7.9 7,2 167 1, 600 225 1, 450
I 0.57 4.0 8.0 6.9 177 | 2,000 | 230 | 1,140
AN g 0. 60 3.8 8.0 6.7 174 | 2,800] 230 | 1,03
Small logs WL
Bleached 0. 65 4.0 9.1 7.6 166 3, 440 200 1, 300
pulp
I 0. 54 3.8 6.2 5.2 227 930 230 1, 400
I 0. 60 4.3 7.5 6.4 193 1,600 | 210 1, 200
X & # m 0. 60 4.3 7.3 6.3 207 2,100 218 1,100
Large logs LT
Bleached 0. 65 4,3 9.0 7.5 167 3, 900 215 1,350
pulp
T H = I 0. 68 4,6 12,1 10. 5 108 3, 200 210 1,050
Pinus densi flora i 0. 69 4,3 12,4 10,7 108 3, 900 220 950

I,I, M : Table 17 &R See Table 17

B2 0700 - MiZIZIZERETH -8, METRI ) ET = IYBED -,

3) EHsSATOMEA Table 21 ITRT,

EARBEIT AV LABETH »ch, HBRERRIBBEI -7, BED (PCH) d/hEh o,

4) KREABLUEBR VT ORIZBRONER%E Table 22 IZiRT,

EOBMBENEER 7h<vichk~ry— FMEEMED, BEE, LBEEBIBIURHT®RS I 20~30%
D - 7288, HBIBE S TRAMIC 70% LB D -t

5) KEMEPMEHMOERRZ, ~ FRRBCIBYONT, BROBETIHLII RS TARMBETE
hieEBERL, £OMOBENEETE, NNEROEBEIENMEER LI,

= % -8B A ¥ B-FEREHA
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3 L)

1 mHlEmHE

TLOMOERE UL, THRBEBRBEEFOLIPPREEHEU L., LEROERIZ, —BicH
»510FEETHODTHOY, TNLVAMITRBEENE -2V TEEII0E, FHEEICITHEF
ROBEBREAR D 5, REEORSRBABOERRTI 2mm JLTH 54, 10BEOLERTI
6mm T2 T 5, MEHEBONTFICR 2~ 4 B0 VRBANS D, THRITED SN L KREHREG ICITE
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Wood Properties of Tropical Plantation-grown Species I
Pinus caribaea MORELET var. hondurensis BARR. & GOLF.

from a Plantation in Fiji

Working Group on Properties of Tropical Plantation-grown Species®

Summary

Wood properties of Pinus caribaea var. hodurensis from a plantation in Viti Levu, Fiji
were examined and discussed. Items of examination were as follows; wood anatomy, density,
spiral grain, shrinkage, water-absorption, mechanical properties of full size beam and clear
specimen, kiln-drying, and pulp- and paper-making.

I. Material

Thirty-eight logs of Caribbean pine imported into Japanese market from Fiji Pine Com-
mission were used for the examination. According to the Commission, they were extracted
from Lololo plantation near Lautoka city, Viti Levu, Fiji. The distribution of the top end

diameter of logs was as follows;

16cm 2 28cm 8

18cm 2 30cm 5

20cm 3 32cm 1

22cm 10 36cm 1

24cm 4 40cm 1

26cm 1

Most of these logs suffered more or less from blue stain.

II. Wood Anatomy Toyonobu Sucawa

Plantation-grown Caribbean pine trees were anatomically studied and the results were
discussed comparing with those of temperate pine species.

Heartwood was colored pale-brown with a reddish tinge and not clearly distinguishable
from sapwood which has a yellowish white color. Up to the 10th ring, late wood was not clearly
formed, but in the outer part it was evidently darker than the early wood. Tracheids had
the bordered pit pairs in an opposite arrangement and their length increased rapidly from
about 2mm at the first ring to about 6 mm at the 10th ring. Rays were uniseriate and 3~
20 cells in height, and were usually accompanied by dentate ray tracheids in both margins.
Ray parenchyma cells were thin-walled and had 2~4 pinoid pits in every cross-field. Axial
resin canals with thin-walled epitherial cells were scattered mainly in early wood and had
an average diameter of 280 um.

Abnormal tissues which composed of thin-walled tracheids and axial parenchyma strands
were found, and they caused the disarrangements of surrounding tissues.

III. Density, Shrinkage and Grain angle ‘ Sadaaki Oura

Pinus caribaea grows very rapidly in the plantation in Fiji and this rapid growth results
in a wide growth layer, a high proportion of early wood and very little late wood. The

Received December 17, 1985
(1) Wood Utilization, Wood Technology, Forest Products Chemistry
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central core or juvenile wood was normally formed during the first 5~8 years of growth, and
then a gradual transition to mature wood was made. Thirty three logs were chosen to obtain
the fundamental properties; density, shrinkage and spiral grain. The test methods were based
on the Japan Industrial Standard. The growth layer analysis was carried out by means
of X-ray densitometry. Fundamental characteristics before and after alcohol and benzen ex-
traction are tabulated in Table 3.

The results of the present observation are as follows :

1) The number of the study logs, the log diameter, the maximum, minimum, mean value
and standard deviation of shrinkage, bulk density and apparent specific gravity of each log
were given in Appendix and mean values for density and shrinkage of all the samples were
shown in Table 3. Then, the hystograms of bulk density and shrinkage when green to oven-
dry were shown in Figs. 2, 3 and 4.

The mean values of the bulk density of the specimen after and before resin extraction
were 409 kg/m?, ranging from 329kg/m?® to 513kg/m® and 436 kg/m? ranging from 347kg/ms3
to 552 kg/m? respectively. The mean values of tangential, radial and longitudinal shrinkage
from when green to oven-dry were 6.2%, 3.49% and 0.34% respectively, and ranged from 4.3%
to 8.0%, from 2.2% to 5.2% and from 0.17% to 0.67%, respectively in non-extracted specimens.
On the other hand, the mean values of shrinkage for two directions in extracted specimens
were 7.0% and 3.8% and ranged from 5.0% to 9.0% and from 2.5% to 5.6%, respectively.

2) The transverse distributions of bulk density and shrinkage (extracted specimens)
when green to oven-dry in relation to relative distance from pith were shown in Figs. 4 and
5. The accumulation of resin was found in the core part, often with a spread of 6~7cm
from the pith and star shaped resin deposits around the pith were common and it contained
resin up to 16% on a weight basis. Shrinkage in radial and tangential direction, increased
from pith to bark (up to 18cm from pith) but no apparent trend was found in longitudinal
direction shrinkage.

3) Variation in grain angle from pith to bark were shown in Figs. 7, 8 and 9. There
were large between-tree (33 logs) differences in grain angle, and they were classified into three
typical types. About 90% of samples exhibited left handed spiral (S-spiral) grain from the
pith. The mean value for spiral grain was 15%, ranging from 8.6~38%. In general, the
maximum value of grain appeared within 30~40% of radius from pith.

4) The within-ring variation in density and distinction of growth layer, together with
variation in density from the pith outwards, in one of the samples were densitometrically
shown in Fig. 10. Density always increased from the pith outwards in all the samples ex-
amined as shown in the figure. It can be seen from Fig. 10 that the large number of false
rings and lack of clear contrast between early and late wood texture, especially in the area
up to about 10 cm from the pith. But, the growth layer can be more clearly observed in the
outer part. According to the results of densitometric observation the number of growth layers
was assumed to be about 16, and this value suggests the planted year of the sample trees.

IV. Water Absorption Takeo Haisui

1. Radial variation of water-absorption in the cross section.

It was considered that water-absorbability in the cross section, namely, the variation
pattern of the amount of absorbed water along a radial direction of a log should be a useful
information for checking the heart and sap wood boundary of the log, the ease of impregna-
tion, and so forth.
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To determine this pattern, four diametrical specimens in Fig.11 which had sizes of (L)
15mm and (7) 30mm were cut. After seasoning at 12~13% EMC, the specimen were
immerged in 50 mm below the surface of water and kept at 25°C for three hours. They were
then taken out of the water, split tangentially into small pieces and weighed with a weighing
bottle, The water-absorption amount, 4 W, was obtained by the equation.

AW =(1/2)(Uyp—Uy)dr/100

where 4 W is the water-absorption amount per unit area after three hours (g/cm?), U,
is the moisture content (%) after water-absorption for three hours, U; is the moisture con-
tent (%) before water-absorption, d is the fiber-directional length (cm), and 7, is the density
when oven-dry (g/cm?).

Fig. 12 showed the radial variations of water-absorption and density (air dry) of the four
specimens. Although the specimens in Fig. 11 were with indistinguishable heart and sap
wood boundaries and with wide sapwood zones, the variations of water-absorption in Fig. 12
could clear clearly show the boundaries between them.

Among the four specimens, the amount of water-absorption in No. 34 was the smallest.
This might be due to the fact that, although the whole surface of cross section of the speci-
men was covered by a blue-stain, the damage was not so considerable.

2. Water absorption

Fifty specimens were taken from sapwoods of the four logs for the determination of water-

abrorption according to Japanese Industrial Standards (JIS) Z 2104. The test results are shown
in Table 4.

It is noteworthy that there were extreme differences in water-absorption between the
maximum and the minimum and that the amounts were considerably larger than that of
Kuromatsu (Pinwus thunbergii ParL. : Japanese black pine) which has the largest value among
Japanese woods, with 1,944 mg/cm?2. day in the cross section of the sapwood, 153 in the tangen-
tial, and 99 in the radial section. It was considered that the water-absorption might be in-
fluenced by the degree of damage to cell walls by the blue stain fungi. However, an intact
sapwood also has similar large water-absorption. Therefore, an easier passing of water
through the pittings may be the most effectual factor for the water-absorption of the species.

In conclusion, Pinus caribaea is one of the species with the most water-absorbent nature.

V. Mechanical properties Takashi Nagar

The results of full size and small clear specimen bending test and within-log variation
in bending strength based on the tests on small clear specimens were persented.

The full size bending test was conducted on the beams which were 400cm in length, 12
cm in width and in four different heights of 18, 21, 24, and 27 cm by two-point loading system.
One beam sample was taken from each of the twenty-one logs.

The total span was 360cm and the distance from the support to the loading point was
120cm. The modulus of elasticity was calculated based on the deflection at the moment con-
stant area using 80cm yoke and also at the mid span.

The six small clear specimens for the standard bending test in accordance with the
Japanese Industrial Standard (JIS) Z 2113 were cut from non-destructive part of each of the
full size beams after rupture.

To investigate within-log variation in bending strength, three logs were used. Every
small clear specimen was cut with the data of the ring number and the distance from the

pith. Total number of specimen was seventy-nine.
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The main results of the present test are summerized as follows :

1) The results of the full size bending test were shown in Table 5 with the size of knot
expressed by the ratio of the measured knot size between two lines parallel to the edges of
beam to face width in percentage. The range of the apparent specific gravity at test, where
the mean moisture content was 16.0% was 0.44 to 0.66 and the mean value was 0.54.

2) The modulus of rupture in full size beams ranged from 194kgf/cm? to 605kgf/cm?
and the mean value was 426 kgf/cm3. It was noted that only one beam (No. 25) of twenty-
one beams showed 194kgf/cm? in the modulus of rupture, very low due to the knot in the
narrow face at the center 1/3 area.

3) The range of the modulus of elasticity measured by mid-span deflection in the full
size beam was from 56.6 X103 kgf/cm? to 138.9X10% kgf/cm? and the mean value was 88.7X10%
kgflcm?,

4) The value of the correlation coefficent between the modulus of rupture and the ratio
of knot at the center 1/3 area in narrow face was —0.64**, whereas that between the modu-
lus of rupture and modulus of elasticity was 0.43*,

5) The results of the bending test on small clear specimens were tabulated in Table 6.
Although the mean value of the specific gravity was 0.55, which was almost similar to the
value of the full size beam’s apparent specific gravity, the range was wider than those of
the specimens usually tested, 0.39 to 0.70 with a 17.7% coeflicient of variation.

6) The mean value and the range of the modulus of elasticity and modulus of rupture
were 85.1x10% kgf/cm?; 41.5X10% kgf/cm?~132X10% kgf/cm?, 762 kgf/cm?; 566 kgf/cm®~1016 kgf/
cm?, respectively.

7) The results of the test for within-log variation in small clear specimen’s bending
strength were shown in Table 7 and also Figs. 13~17. It was clear that the longer the dis-
tance from the pith, the higher the modulus of elasticity and modulus of rupture. From the
results shown in Figs. 16 and 17, the specific strength in bending might be regarded as con-
stant from the fifth ring outwards or more than 100 mm distant from the pith.

VI. Drying Properties of Sawed Lumber Hiroshi Sumi

The three categories of the drying experiment were carried out in this study. A brief
description of the experimental procedure and major findings in this study were as follows;

(1) Experiment for drying rate

Both the edge- and the flat-grained test pieces of 2cm (T)X10cm (W)X30cm (L) were
dried approximatery 30 to 5% moisture content in the steady condition (DBT 60°C, WBD 25°C)
after air drying. The values of the drying rate coefficient % at 10% moisture content, which
were graphically obtained, were in the range of 8.4x1072-11.0X10"2 (t/hr) for the edge-
grained test pieces (k. Ave. 9.0X1072) and 124X1072—15.9X 1072 (t/hr) for the flat-grained
ones ky, Ave. 14.5X107?), respectively. Ratio of ks to k. (ks/k:) was proved to be considerably
large for the coniferous species.

(2) Quick drying test (commonly called the 100°C test)

The flat-grained test pieces of 2cm (T)X10cm (W) X20cm (L) were oven dried. Initial
checkings were observed during drying, and abnormal shrinkage in the thickness direction
and internal checking (honeycombing) were measured when oven dry. Those drying defects
were evaluated by a criterion. As for the suitable drying schedule for a 1inch thick board,
the initial DBT and WBD were estimated as being 60°C and 5°C respectively from this test.

(3) Schedule drying experiment
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One inch thick boards were kiln dried by the schedule estimated from the quick drying
test (No. 1 schedule) and by the more severe schedule (No. 2 schedule) for a comparison.
The Caribbean pine lumber supplied for this study was easily kiln dried without any serious
drying defects except for the slight surface checkings. The kiln drying time from green to
10% moisture content was estimated to be about two days.

VII. Pulp- and Papermaking Isao Takano, Kinya Suimapa and Kuninori Usam

To eavaluate the suitability of Pinus caribaea as raw material for pulp and paper manu-
facture, the kraft pulping and paper making of logs of two different size groups, small; 21~
25c¢m and large; 31~42cm, were examined.

1) Caribbean pine was well cooked under the ordinal kraft cooking conditions. The pulp
vield (screened) was at the level of 47~48%, and the yield of screenings was very small.

2) The pulp showed reasonable strength properties on the whole. It had a higher tearing
resistance and relatively lower values of tensile strength, burst strength, and folding endur-
ance than those of the pulp from Japanese red pine (Pinus densiflora).

3) The bleached sample produced a clear and white pulp and they showed relatively low
color reversion.

4) The influence of size of sample logs on the pulp properties was not clear, but the
tearing resistance of pulp from the logs of the large group was comparatively higher than

that of the small group.
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Appendix-Table R B E S S U N B E AN EEBLE £

Diameter, Shrinkage and density of each log.

BEAR el )¢ i = Shrinkage K OE OB
®= BE Rep- .
resent @ @ @ Density
Log Log ative
No.Dw | e byl e el v R | s
n 6 6 4 [ <] 4 6 6 4 [ [ 6 6
Max.| 3.85 2.58 0,08 0,32 0.25 0,01 8.25 6.52] 0.29} 15,34 576 | 0.68 0.71
1% Min.| 1,25 0.37| 0.01] 0.17] 0.07| 0.01] 3.85 1.46] 0,12| 5.94 412 | 0,44/ 0.48
z 2,59 1,45 0.08 0.26| 0,17} 0.0l 6,36 3.93 0,23 10,38 491 0.55 0.59
. 0.96 0.81] 0,03 0.05 0,07 0.002[ 1.65 1.77] 0.07] 3.22 62| 0,09 0.08
' n 6 6 6 [ 6 6 6 6 6 6
Max.| 4.70 3,05 0.33 0. 26 9, 40 6. 81 15,62 571 0,68 0.71
o*2 Min. | 2.18 0.74 0.1¢| 0.07 4,50, 1.85 7,01 335 0.377 0,40
x 3.60| 1,88 0.24] 0. 16 7,13 4.29 11,42 450 | 0,51 0.55
0.94| 0,84 0.06] 0,07 1.75] 1,79 3.03 92| 0,12 0,12
n 4 4 3 4 4 3 4 4 3 4 4 4 4
Max. 3.69 2,15 0.15 0,25 0.18 0.02| 7,35 4.88 0.40 12,03 439 0,47 0.52
I | Min. 1,73 0,99 0,04 0.16] 0,12 0.0l 4,12} 2,73 0.24 6,75 ‘350 | 0.38 0.41
z 2,620 1.48[ 0,09 0.21] 0.14| 0.0l 5.64 3.62 0.30 9.16 395 0. 44| 0,47
o 0.84] 0,48/ 0.05 0.03] 0,03 0.002 1,31 0.86] 0,07 2. 16 33 0,04 0.04
3] 257
n 4 4 4 4 4 4 4 4 4 4
Max 4,08 2.44 0.25 0,19 7.76] 5,28 13.16) 406 0.47] 0.50
I | Min.| 2.34 1.23 0.1¢ 0,12 4,71 3.01 7,73 327 0,36 0.39
x 3.16; 1,75 0.21] 0.15 6. 19 3.9 10,08| 363 0.41] 0,44
'3 0.73| 0. 44 0.04] 0.03 1,28 0.86 2. 14 29 0.04| 0.04
n 8 8 [ 8 8 6 8 8 6 8 8 8 8
Max 3.81 2.921 0.22] 0,31} 0.28 0.02| 8,31 6.79] 0.46| 14,45 614 0.72| 0.78
I | Min. 2,68 1,55/ 0,003 0.19] 0.13 0.0l 5,60 3.45 0.11] 9,01] 381 0.421 0,45
x 3.34| 1,99 0,14 0.25 0,18 0.01 6,95 4.7 0.33 11,38 475 0.54/ 0,58
0,38/ 0.350, 0.07] 0.04] 0.05/ 0.003 0.96] 1. 0.11| 1,88 81 0,111 0,10
4| 28,3
n 7 7 7 7 7 7 7 7 7 7
Max.| 4.53] 3.16 0.31| 0.28 9.00 7,27 16,0 599 0.71] 0.74
I | Min. | 3.13] 1.64 0.21 0,14 6.15 3,71 10, 19| 368 0.41] 0,45
x 3.95 2.21 0.27] 0.20 7.84| 5,18 13.11] 475 0.55 0.58
0. 46| Q. 60 0.03] 0.05 0.921 1,29 1, 89 78 0.10 0.10
n 5 5 5 5 5 S 5 5 5 5 5 5 S
Max.| 3.11] 2.06] 0.14] 0.29] 0.25 0,09 7,35 5.44 1,39 12,30 571 0.65 0,69
I |Min.| 1.83 0.78 0,07 0.21] 0,10, 0,01 5,06 2,33 0,26 10.01 376 0.42f 0.45
x 2,34 1.321 0,1 0.25 0.18 0.04] 6,04[ 4.01] 0.64] 11,03 499 0,56 0.60
0.43 0.48 0.03 0.03] 0,05 0.03 0.81 1,22 0.39 0,92 82 0,10 0.10
51210
n 5 ) ] S 5 5 5 5 5 5
Max.| 4.05 2.50 0.30[ 0.23 8,36 5,86 14, 44| 554 0.65 0,68
I | Min.| 2.84 1,33 0.19| 0. 1§ 5,80, 3.05 10,837] 372 | 0.42] 0,45
x 3.33] 1.81 0.24; 0,17 6.82| 4,37 12,04/ 460 | 0.53 0.56
o 0,42 0, 50 0.04] 0, 05 0.95. 1.15 1,65 77 0,100 0,10




Appendix-Table (->-3%) (Continued)

WERRBTRRE 3385

EA RKIE e s = Shrinkage X B B
%= B Rep- .
resent @ @ @ Density
Log Log ative
No. [12” Fig- | r ! t r ! t r l v | R | ro | 71
meter ures| 0
”n 8 8 8 8 8 8 8 8 8 8 8 8 8
Max.| 3.27] 1.31] 0.33] 0.29] 0.171 0.02 7.42] 3.83 0.64| 11,07 467 0.53 0.56
Min. 1,53 0,47 0,03 0.15 0,071 0,01 3.80 1,51 0.17] 6,27] 318 0.34{ 0,38
X 2,26 0,76 0.16/ 0.21| 0,11 0.0l 5,33 2.34 0,38 7,91 384 0.42] 0,46
o - o 0,64 0.28 0.09 0,05 0,04 0,01 1.34 0.8l 1,16 1,79 52 0.06f 0,07
' n 7 7 7 7 7 7 7 7 7 7
Max.| 4.29 1.48 0.320 0.19 8,99 4.28 12,97 4 0.53 0.57
I | Min. 1,93 0.52 0.16; 0,08 4,35 1,69 7,76] 293 0.32 0.35
x 2.83| 0.84 0.23] 0.12 6.21| 2,68 9,77 380 0.42 0.46
0.91] 0.34 0.06[ 0,04 1,75 0,91 2,09 60 0,07] 0.08
n 7 7 7 7 7 7 7 7 7 7 7 7 7
Max 3.87| 1.76/ 0.13 0.37, 0.21f 0,02 9.18 4,81| 0.41| 13,60 588 0.68, 0,72
Min. 1,46 0.63 0.04/ 0,13 0,10 0.01 3.39 2.32 0.19 ©5.81f 380 0.41] 0,45
x 2,660 1,031 0,101 0.270 0,15 0.01; 6.59 3.21| 0.26] 9,91 454 0.51] 0.55
' 4 0,67 0.35 0,03 0.07] 0,04 0.004] 1.69 0,86 0,07 2,32 67 0.09 0,09
8| 26.8
n 7 7 7 7 7 7 7 7 7 7
Max 5,33 2.31 0.37} 0,22 10,64 5,57 15,771 571 0.68 0.71
I | Min 2,020 1.12 0,14{ 0,10 4,04 2,72 6,89 363 0.40, 0.44
X 3,82 1,50 0.26] 0,15 7.58| 3,64 11,17 430 0.49| 0.52
0,971 0, 40 0.07] 0,04 1.93] 0.96 2,62 69 0.09 0.09
”n 6 6 [ 6 <] 6 6 6 6 6
Max.|{ 3.42 1.45 0,31} 0,20 7.92| 4.28 11,86 464 0.52] 0.56
Min,. | 0.85 0,32 0.09} 0.07 2,13 1.59 5,81 275 0.30] 0.32
x 2.07] 0.79 0.22] 0,12 5. 26| 2,60 8.19 368 0.40( 0,44
0.86| 0,46 0.08 0.05 1,96 1.17 2, 44 85 0.100 0,11
101 23,1
”n <] 6 6 6 6 6 6 6 6 6
Max,| 4.11] 1,78 0.36] 0,20 9, 36| 4.67 13,59 457 0.52] 0.56
I | Min. 1.35] 0,42 0.10 0.08 2,79 1.78 6.74] 270 0,29 0,31
x 2,66| 0,97 0.24 0,13 6,11 2,87 9.43 357 0.40| 0.43
o 1.00] 0.54 0.09] 0.05 2,24 1,26 2,69 831 0,10 0.11
”n 6 6 6 6 6 6 6 [} [ [
Max.| 3.57] 1.45 0,35 0,20 8.71| 4,44 13.12| 5833 0.61| 0,64
Min. 2.06] 0,74 0,21 0,11 5,14) 2,41 7.91| 326 0,35 0.39
x 2,78 0,99 0.28] 0.15 6.89 3. 30 10, 37] 421 0,47 0.51
0.55] 0, 24 0.06{ 0,03 1.36| 0,74 1.82 77 0.10, 0.10
11§ 23,1
n <] 6 6 6 6 6 6 6 6 [
Max.| 4.73 1,97 0.35 0.20 9,80 4.90 14,29 518 0.60] 0,64
I | Min.| 2.59] 0.99 0.20, 0,11 5.65 2,63 8,49 318 0.35 0,38
x 3.22 1,38 0.28 0,15 7.77] 3.58 11, 53] 411 0, 47| 0.50
1.21] 0,33 0.06| 0,03 1,63 0.82 2,13 76 0,10 0.10
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Appendix-Table (->-3%) (Continued)
gg HE I{tef-ﬁ )4 W 24 Shrinkage ® E' &
resent] @ @ 2 Density
Log ;8 g
No. meter| ares| ! r 1 t 7 { t 4 ! v R 70 718
n 5 5 2 5 5 2 5 5 2 5 5 5 5
Max.| 2.74 1.23 0.19] 0.25 0.13 0,021 6.42| 3.96] 0.49 9.11 596 0.65 0.71
Min. 1,43 0.58] 0.08/ 0.17] 0,09 0.0l 4,04/ 1,98/ 0.23 6.92 295 0.32 0.35
x 1,93 0.81] 0.14] 0,200 0.12| 0.02 4.86f 2,61 0.36| 7.85 388 0.42| 0,46
0.48 0,25/ 0.05 0,03 0,03 0,01 0.83 0,75 0.13 0,91 109 0.12 0,13
12 | 21,8
”n 4 4 4 4 4 4 4 4 4
Max.| 3.41| 1,10 0.27] 0.14 7.31 3.21 10. 4 371 0.42] 0.45
Min. 2,05 0.75 0,17, 0.09 4,54 2,15 7.93 285 0,317 0,34
i 2,66 0. 88 0.20; 0.10 5.61] 2,53 8.74| 328 0.36/ 0.39
0.49| 0.13 0.04{ 0.02 1,03 0.4t 0. 99 37 0,04 0.05
n 5 5 S 5 5 S 6 6 S 5 5 5 5
Max.| 3.19 1.38| 0,16 0.24] 0,14 0,02} 6.47| 3.49 0.36| 9.74 403 0,43 0.47
Min. 1,34 0.48 0,05 0,2 0.10f 0,01 3.51f 2,08 0.277 6,91 355 0.39] 0,42
x 2,32 0.97{ 0.09 0.22| 0.12] 0.0l 5,56 2.82 0.30 8.58 368 0.40[ 0,44
0.78/ 0.39 0,04 0.02| 0.02/ 0,001 0.95 0.6 0.03] 1,32 17 0,02 0,02
13 | 25,4
n 5 S 5 5 S 5 5 5 5 5
Max.| 3.76] 1.62 0,23 0.14 7,07 3.68 10, 88| 354 0.40 0.43
Min. | 2.60| 1,07 0,19 0,10 5,50, 2.6 8. 46| 292 0.32] 0.35
x 3.2¢ 1,30 0,211 0.13 6.39 3.21 9,87 332 0,37] 0,40
0.49] 0,24 0.02| 0,02 0.72] 0,45 0. 85 24 0.03 0.03
n 6 [ 6 6 6 6 6 6 6 [ 6 6 6
Max.| 3.62] 2,731 0.52] 0,31 0,25 0,04 8.22 6.45 1.06] 14,14 595 0.69 0,73
Min. 1.11| 0.36] 0,05/ 0.15 0.09/ 0,01 3.36] 1.76] 0.19 5.89 300 0.30] 0.36
x 2,17} 1,08 0.28 0.21] 0,14 0,02t 5,221 3.11| 0.63 9.00] 414 0,45 0,50
0.91 0.81] 0,16/ 0,06 0,06 0,01 1,77 1,65 0.33 2,71 94 0.12] 0.12
14| 21,7
n 6 6 6 6 6 6 [ 6 6 6
Max. 4,57 2,86 0,31} 0. 26 9,12 6.70] 15,12 588 0.69 0.73
Min 1.65 0.62 0. 15 0.09 3.95 1,94 6,56 299 0.32 0.35
x 2.76| 1,22 0.21] 0,14 5.87, 3,28 9.77| 389 0. 44| 0,47
o 1,06 0.78 0.06] 0. 06 1.94 1,66 3.26| 101 0.13 0,13
n 6 6 6 6 6 6 6 6 6 6
Max 4,08 2,33 0. 34/ 0. 22 8.84 5,51 13,94/ 580 ( 0.66/f 0,70
Min 1,84 0.95 0.18; 0. 10 4,55 2,44 5.55] 387 0,43; 0.47
z 3,17) 1,45 0.28| 0,16 7.22| 3.85 10,75 500 0,56 0,60
0.74 0.49 0.05 0,04 1,41 1,07 2. 68 73 0,09 0,09
15 | 25.5
”n [ 6 6 6 6 6 6 6 6 6
Max.| 5.16] 2.62 0.33 0,22 9.88 5,89 15,34/ 550 0.64| 0,68
Min. | 2.35 1.18 0.20, 0.11 5.25| 2,84 9.63 370 0.42] 0.45
x 4,01 1,70 0.28| 0.17 8.08| 4.19 12,50, 447 0.51 0,55
0.92] 0.53 0.25 0.04 1.53} 1.07 2.04 76 0,10/ 0.10
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Appendix-Table (5-3&) (Continued)

gg HE ;Eef_ﬁ 4 b = Shrinkage = E' 5
resent| @ 2 e Density
oepie® | R
No. meter ares] ! 7 ! ¢ r ) t ¥ 1 v R 7o 715
n 8 8 8 8 8 8 8 8 8 8 8 8 8
Max.| 2.80 1,00 0.45/ 0.27] 0.15 0.06 6.81| 3.07] 1.40 9,68 440 | 0.47| 0.52
I |Min.| 0.97] 0.30 0.001] 0.12] 0.06| 0,01| 2,84/ 1,28 0,17 5,38 330 0.36 0.39
£ 2,05 0.64 0,14 0.21] 0,10 0.02 5.14] 2.2l 0.49] 7.68 375 0.41| 0.44
0.58| 0,23 0.15 0,05 0.03 0,02 1,27 0.66 0,38 1,41 34} 0.04 0.04
16 | 29,3
n 8 8 8 8 8 8 8 8 8 8
Max.| 3.41 1.20 0.29} 0.16 7.65 3.52 11,24 381 0.43] 0.46
o | Min. 1,74 0.49 0.13] 0.07 3.73 1.51 7.79f 300 0.33 0,36
x 2.79| 0, 84 0.22) 0.12 6.04 2. 60 2. 56 336 0,37 0.41
0,59 0.20 0,05 0,03 1,32 0.64 1,27 25 0.03 0,03
n 5 5 6 5 5 6 5 5 6 5 5 5 5
Max.| 3.72 2.82 0,05 0.31 0,27 0.0l 8,28 6,76 0,24 14,45 589 0.69 0.72
I [Min.| 2,61 0.88 0.003f 0,21 0,121 0,01 5,772 2,73 0.12 8,37} 319 0.35 0.38
T 3.16] 1,69 0.02( 0.26] 0.19] 0,01f 7,01 4,49 0,18/ 11,17 444 0,50 0,54
0,40 0,68 0,02 0,04} 0,05 0,001 0.91] 1.44] 0.04 2,1 98 0.12 0,13
17 | 25,5
” 5 5 S 5 5 5 5 5 5 5
Max.| 5.03 3.46 Q.36 0,29 10,15 7.68 17,05 583 0.700 0.73
IO |Min.| 3.13 0.92 0.23] 0,16 6.53 3.01 9,43 316 0.35 0.38
x 3.99| 2.01 0.28 0,20 8,121 5,02 12, 88| 438 0,51 0,54
0,68 0,90 0.05 0,05 1,301 1.67 2,65 97 0,13 0.13
n 6 6 7 6 6 7 6 6 7 6 6 6 6
Max.| 3.27] 1,97 0.32 0.33] 0.23 0.04 8.10 5.31| 0.78 13.10 538 0.62] 0.65
I | Min. 1.57| 0.52] 0.01f 0.221 0,08 0.0l 4,79 1.69 0,17 7,90 311 0,34 0.37
x 2,64/ 1,10 0.13 0,27] 0.15 0.02 6,67 3.29 0.4 ]10.32 411 0. 46| 0.49
4 0,59 0.52 0.11] 0,04 Q.66 0,01 1,16 1,34 0,25 2,04 84 0.10, 0.10
18 | 31.3
n 7 7 7 7 7 7 7 7 7 7
Max.| 4.46] 2,52 0.3l 0.22 8.88| 5,77 14,07{ 528 0.61] 0.65
I | Min.| 2.43 0.65 0.18| 0.07 5.20; 1,7 8.24 304 | 0.32 0,37
x 3.50] 1,40 0.24| 0.13 6.95 3.29 10,51 387 0.43] 0,47
0,69 0.68 0,05 0,05 1.36| 1.45 2,17 84 0.11 0,11
»n 7 7 6 7 7 6 7 7 6 7 7 7 7
Max.| 2.86 1,44 0.26] 0.31 0,20, 0.02 7.49 4,36/ 0.59 11,51 514 0.58[ 0,62
I | Min. 1.250 0.34 0,06 0.14] 0.07] 0.02 3.31| 1.42 0.34 5.58 314 0.34| 0.37
x 2,11 0,74 0.1¢ 0,21 0.11] 0.02 5.23 2.42 0.45 7,75 390 0.42] 0, 46
0.50 0.40; 0.07| 0.05 0.05 0,002 1,28/ 1,07 0.09 ‘2,02 75 0.09| 0.09
19 | 30. 3
n 5 5 S 5 S 5 5 5 5 5
Max.{ 3.97| 1.76 0,35 0.21 .00 4.84 13.58/ 507 0.59| 0.62
I | Min, 1.7} 0.39 0.16; 0.07 4.03 1.50 6.46| 310 0.34f 0.37
x 2.54 0.77 0,23 0.11 5.86] 2.42 8.46] 382 0.42] 0.46
0.77] 0,50 0. 06| 0. 05 1.68] 1,24 2. 62 77 0.10, 0,10
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Appendix-Table (0-3%) (Continued)
BA ARE] I & R Shrinkage x OB OE
Eray fiER2 S Rep- .
resent| @ P ag Density
foglpioe | a0ve
No.| heter ures| ¢ r ! 4 r ! ¢ r ! v R o 718
n 6 6 5 6 6 5 6 6 5 [} 6 6 6
Max.| 3.48] 2.48 0.25 0.31] 0.25 0,02 7.98/ 6,19 0.49 13.68 526 Q.61 0,64
Min., 1,43 0.74; 0,02 0.13 0,08 0.01] 3.34 1.98 0,18 7.38 321 0.35 0.38
x 2,52 1.835 0.13F 0.22 0.15 0,02 5.80 3.55 0.35 9.69 395 0.44{ 0.48
0,66 0.62 0,08 0,06 0,06 0.002| 1.52| 1,41 0.12 2 26 72 0.09 0,09
21| 22,3
n 6 6 6 6 6 [ 6 6 [ 6
Max.| 4.17] 2.61 0.833] 0.28 8.91! 6.73 15,10 523 0.62 0.65
Min. 1,88 0.95 0.13| 0.09 3.83 2.32 8,40 309 0.34 0,37
x 3.28] 1,61 0.22, 0.15 6. 44 3.89 11,41 382 0.44| 0,47
0,82 0.58 0.07] 0,07 1,73 1,51 2,57 75 0.10, 0.10
n 8 8 8 8 8 8 8 8 8 8 8 8 8
Max.| 4.76] 2.76] 0.19] 0,36/ 0.28 0.02 9,94 6,75 0.33| 15.57| 597 0.71 0,74
Min.| 2.30] 0.71] 0,001 0.29 0.1} 0.01] 6,85 2,30 0.13 9.09 404 0.46| 0,49
x 3.07 1,77 0,058 0,32 0.2 0.01| 8,46 4.68/ 0.21f 12,79 505 0.58| 0,62
1,72 0.66] 0,06 0,02 0.06/ 0.003 1.0 1,35 0.06] 2,08 73 0.05| 0,09
221 32,6
n 8 8 8 8 8 8 8 8 8 8
Max.| 6.15 3.53 0. 36| 0. 27 11,200 7.46 17,61 577 0.70, 0.73
Min. | 3.69] 0.91 0.27] 0.11 7,81 2.53 10,78 378 Q.44 0,47
x 4,96 2,26 0.3l 0.19 9,45 5,08 14,57 487 0.57] 0.52
0.79| 0,81 0.03] 0.05 1.07] 1,51 2.16 75 0.1y 0,19
n 7 7 4 7 7 4 7 7 4 7 7 7 7
Max.| 3.72 1.91| 0.47 0.33] 0,22 0.03 8.34 5.16] 0.93 13.05 583 0.64 0,69
Min.| 2.03] 0.59 0.02] 0.13 0.06 0.002 4,01 1,51 0,05 6,95 371 0.40[ 0,44
k4 2,77 1,00 0,18 0.23 0.12 0.0l 6.15 2,76f 0.35 9.27| 492 0.55| 0.59
0,74 0.42 0.18 0,071 0,05 1,01 1.63 1,19 0.34 2, 22 &8 0,08 0,08
23| 27.8
”n 6 6 6 6 6 6 6 <] [ [
Max.| 4.68 2.31 0.3 0.21 9.20| 5.47 14,53 564 0,63 0.68
Min. | 2,51} 0.62 0.15 0.07 4,68 1,61 7,921 316 0,34 0.38
x 3,421 1,18 0.22 0.12 1,611 2.95 10,59 464 0.52] 0.57
0,89 Q.56 0,06 0.06 1,777 1,35 2,25 80 0,100 0.10
n 8 8 8 8 8 8 8 8 8 8 8 8 8
Max.| 2,46 1.25 0,25 0.27| 0.16{ 0.03] 6.35 3.62| 0,68 10,21} 483 0.51f 0.57
Min. 0.78| 0.46] 0.01f 0,11 0,06 0,01 2.42 1,39 0.16| 4.49 308 0.34 0,37
x 1,76/ 0.84| 0.08 0.19; 0.12 0,02 4.64 2,68 0.31] 7.65 385 0.42| 0,46
0.6l 0.30 0,08 0.06 0.04 0.01f 1,41} 0,81 0.18 17 52 0.05 0,06
251 29.9
n 8 8 8 8 8 8 8 8 8 8
Max.| 3.74 1,73 0,285 0,16 7,06| 4. 00 10.76| 379 0.42] 0.46
Min. 1.50, 0,56 0.12] 0.08 3.30| 1.69 5.78/ 282 0.31f 0,34
x 2.65 1,26 0,19 0.11 5,39 3.10 8.75| 337 0.37} 0,41
o 0.77| 0.35 0,05 0,05 1,420 0,77 1. 69 34 0.04] 0.04
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Appendix-Table (2-3%) (Continued)

WESRBBEMEHRE #3385

FA| oo thf_fE I " %  Shrinkage P
&5 resent @ s g Density
oopies | [8E
No.|meter ares, ! r ! ! 4 { ¢ r / v R | rno | 75
n 6 6 [ 6 6 [ 6 6 6 6
Max.| 3.33] 1,41 0,321 0.19 7,91 4,17 11.74 480 0,54 0.58
Min.| 2.52) 0.96 0.22) 0.12 5,78 2.86 8.61; 356 0.39 0.43
x 2,89 1,13 0.26f 0.15 6.76] 3.29 9.88 408 0.45| 0.49
14 0,33 0. 15 0,04 0.02 0,83 0.47 1. 16 42| 0,05 0.05
26 | 28,5
n 6 6 6 6 6 6 6 6 6 6
Max.; 4.59] 1.95 0.3l 0,18 9,03 4.57 13.20] 469 | 0.54 0.58
I | Min. 2,72 1,23 0.21] 0.12 6,16/ 3.04 9.39] 350 0.39] 0.42
x 3.74] 1.59 0.25 0.14 7.44| 3.68 11.36] 395 0,45 0.49
0,69 0.25 0.04; 0.02 1.19] 0. 52 1,47 43 0,06 0.06
n 10 10 9 10 10 9 10 10 9 10 10 10 10
Max.| 4.34] 2.67] 0.39] 0.35 0.29] 0.04] 9.22| 6,93 0.95 15.43 675 0.8 0.83
Min. | 2,41 0.85 0.01 0.190 0,10 0.0l 5,15 2,36 0.12] 8,35 313 0.34 0.38
x 3.53] 1.59] 0.13 0.28 0,17} 0.02 7.59 4.15] 0.4 | 11,64 473 0.54] 0.58
0.62] 0.75 0,14/ 0,05 0,07 0,01 1,31 1.77] 0.27] 2,57} 131 0.17] 0.17
27 | 34,1
n 10 10 10 10 10 10 10 10 10 10
Max.| 5.62 3,52 0,34 0.28 10. 32| 7, 60 17,39 656 0.79] 0.83
I |Min. | 2.82] 1,10 0,18 0.10 5,42 2,65 9.62| 282 | 0.31] 0,34
x 4,471 2,03 1,277 0.17 8. 34 4.53 13.11] 454 0.53 0.56
0.89 0.98 0,05 0,07 1.57] 1,91 2.71 132 0.17] 0,17
n 6 <] <] 6 6 6 [ 6 6 6
Max.| 4.02| 3.06 0.34{ 0.28 9.03) 7.20 15,5 636 | 0.75| 0.79
Min. | 2.1¢] 0.66 0.2 0. 09 5.05 2.17 7.34 316 | 0,35 0.38
x 2,98 1,41 0,26/ 0. 16 6.77] 3.70 10, 41| 422 0,48 0,51
o 0.70| 0.98 0.06] 0.08 1.5 2.17 3.26; 130 0,17 0.17
28 | 22,7
n 6 6 6 6 [ 6 6 [ [ 6
Max.| 5.37] 3.42 0.34 0.28 10, 13] 7. 49 16,73 621 0,75 0.78
I | Min.| 2.82 0,82 0.20] 0.10 5,83 2.31 9.02 302 0,34| 0,37
x 3.88 1.81 0.26] 0.16 7,63 3.99 12,04 406 0.47| 0.50
0,95 1,18 0.06| 0.08 1,74 2.24 3.28] 129 0.17] 0.17
n 3 3 5 3 3 5 3 3 S 3 3 3 3
Max.| 3.53| 2.34 0.43] 0.30, 0.25 0,05 7.97| 6.07] 1,12 13,53 557 0,64 0.68
Min. 2,06 1.831 0,001f 0,22 0.13 0,01 5,25 3,29 0,15 8.40 407 0. 45 0.49
x 2,67y 1,77) 0,09 0.25 0.19] 0.02] 6,34 4.55 0.34| 10.58] 4569 0.53] 0.57
0.63 0,43 0,17} 0,04/ 0.05 0.02 1,177 1,15 0,39 2,16 63 0,09 0.08
29 | 18,3
n 3 3 3 3 3 3 3 3 3 3
Max.| 4.52 3.01 0.31 0.25 9,06| 6.65 15, 13| 544 0,64 0.68
I |Min.| 2.78 1,73 0.20 0.15 5,70 3.91 9.51 391 0,43 0.47
x 3,581 2,22 0.25 0.19 7,08/ 5.05 11.86| 455 0.52| 0,56
0.74) 0.57 0.05 0.04 1,44 1.17 2.39 64 0.09| 0.09
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Appendix-Table (-o-3%) (Continued)
wA | [NEE P ti #  Shrinkage 5 K &
| HE Rep- .
resent @ as as Density
Log Log ative
No. Dia- tig- ¢ r ! t 7 ! t r ! v R 7o ris
meter ures|
n 8 8 6 8 8 6 8 8 6 8 8 8 8
Max.| 2.79] 1.44) 0.60] 0.25/ 0.17] 0.06| 6.38] 3.96 1.54] 10.14| 615 0.67] 0.74
Min. 1,15 0.581] 0,05 0,10 0.06/ 0.01| 2,71 1,53 0,22 5.59 331 0.36| 0.39
x 2,07 0.96] 0,23 0,190 0.12] 0.02 4,83 2,71 0,59 7.94] 449 0. 49 0.53
0.63 0.32] 0.19 0,05 0.04 0.02[ 1,26/ 0.8l 0.45 1.48 85 0.09] 0.10
30| 29.2
n 3 8 8 8 8 8 8 8 8 8
Max.| 3.20| 1.42 0.27| 0.19 7,110 4,22 11,33 432 0,49 0,52
Min, | 1.58| 0.53 0.10] 0.07 3.16] 1,71 7.20] 326 0.35 0,39
x 2,60 1,10 0.20, 0.13 5. 46 3,00 9,121 380 0.42] 0,46
0.77] 0,30 0.05 0,04 1.33 0.85 1,28 40 0,05 0,05
n 7 7 7 7 7 7 7 7 7 7 7 7 7
Max.| 2.97| 1,96 0,23 0.28 0.23] 0.02| 6.90 5.30} 0.49 11,90, 537 0,611 0,65
Min. 1.82| 0.85 0.03 0C.18 0,12} 0.004] 4.45 2,59 0.15 7.68 328 0,36/ 0,39
x 2,49 1,30 0.12] 0.23 0,14 0.01| 5,84 3.65 0.30] 9.52 408 0,45 0,49
0,41 0.38 0,06 0.03 0,04 0,004 0.74 0,97 0,10 1,27 69 0,08 0.09
31 | 28.2
n 6 6 6 6 6 6 6 6 6 <]
Max.| 3.96| 2.47 0.26| 0,22 7,71 5,07 14,29 507 0,59 0.63
Min. 2,51 1,18 0.17) 0,12 4,99 3.08 8,30 318 0.35 0.38
T 3.37] 1.64 0.22 0.15 6,57 3.75 10,57 377 0.42] 0,46
0. 48] 0. 47 0.03 0,03 0.93} 0.78 1, 98 64 0.08| 0.09
n 8 8 8 8 8 8 8 8 8 8 8 8 8
Max.| 4.79 3.10| 0.l¢] 0.36] 0.28 0.03 10,00 7.22| 0.63| 16.61 633 | i0.76] 0.79
Min. 1.79 0.63 0.01 0,19 0.13 0,01} 4,93 2,51 0,10 7.28 371 0.41] 0.45
x 3.21] 1.60] 0.09 0.27| 0.19] 0,02 7.21, 4,45 0.34| 11,49 473 0.611 0.65
1,02 0.79] 0,06 0.06] 0.06 0,01 1,74/ 1,62 0.15 3.11] 192 0.100 0.10
32 | 29,0
n 8 8 8 8 8 8 8 8 8 8
Max.| 6.23] 4,00 0,36 0,29 11,40; 8,23 18,59 623 0.77) 0.80
Min. | 2.65 1.25 0,19 0.12 5.40, 3.06 8.39 353 0,39 0.43
x 4,37 2,21 0,26 0.19 8,20 5,04 13,10 467 0.55] 0.58
1.13 0.91 0.06| 0.06 1,90 1,72 3,27 98 0.13 0,13
n 8 8 5 8 8 5 8 8 5 8 8 8 8
Max'| 3.08| 1.27| 0.18/ 0,31 0.18 0,02 7.60 3.95 0.49 11,25 570 | 0.62 0.68
Min. 1.45 0.37) 0.01] 0,16} 0.07] 0.01| 3,84 1,41 0.16| 6.14 372 0.40 0, 44
x 2,28 0.79] 0.10| 0,23 0,11} 0,01| 5.68 2,41 0.27] 8,23 446 0,49 0.53
0.6 0.28/ 0.06] 0,05 0,04/ 0,01} 1,26/ 0.8l 0.12 2 34 58 0.07| 0,07
331 32,0
n 8 8 8 8 8 8 8 8 8 8
Max.| 4.12 1.70 0,30 0,17 8. 43| 4. 26 12, 36| 472 0,53 0.57
Min. 1,99 0. 66 0,15 0.07 4,19 1,68 6,91 341 0.37] 0,41
T 3.12] 1.04 0.23 0O.11 6. 41 2,74 9,63 394 0.44 0,48
0.67] 0.32 0,05 0.04 1.33 0,82 1.91 45 0.06| 0,06




Appendix-Table (0-3%) (Continued)

MERBIETIIEME 3385

BA{ .. LzxfE X W = Shrinkage w B OE
Ep| BE Rep- ]
resent| @ @ @3 Density
Log ative
Log i, Fig-
No.| heter ures| ! 4 [ t r ! t r l v R o 715
n 7 7 6 7 7 6 7 7 6 7 7 7 7
Max.| 2.96] 1.47| 0.12] 0.27f 0.16| 0,02 6,86 3.84| 0,43 10,46 465 0.52) 0,56
Min. 1,231 0,46, 0.003] ©.174 0.09] 0,01} 3.811 1.88/ 0,12} 6,68 342 0,37} 0,40
x 2,33 0.96] 0.05 0,24 0.13 0,0l] 5.8l 2,85 0,24 8.65 420 0,46 0.50
0.55 0.38 0,04 0.03/ 0.03 0,004 0,95 0.76] 0,10 1.35 41 0.05 0.05
34| 29.5
n 8 8 8 8 8 8 8 8 8 8
Max.| 3.48 1,67 0.30, 0.18 7.85 4.30 12,53 451 0.52 0.55
Min. | 2,15 0.76 0,20 0.11 5.11] 2. 46 7.93 317 0.35 0,38
xz 3.12 1,17 0.26/ 0.14 6.86] 3.26 10.29| 380 | 0.43 0.46
0.42| 0.31 0.03 0.02 0.83] 0. 65 1,54 51 0.06] 0,07
n 4 4 2 4 4 2 4 4 2 4 4 4 4
Max.| 3.79] 2.72 0.02] 0.32| 0.26f 0,01 8,46/ 6,55 0.18| 13.87] 599 0.700 0.73
Min. 3.22 1.34/ 0.01] 0.26] 0,15 0.01 6,98 3,63 0,13 10,54 422 0.47] 0,51
2 3.46] 2,00 0.02 0.29] 0.2 0.01| 7,64 4.24 0.15 12,27 507 0.58( 0,62
0.2 0,61] 0.01] 0,02 0,05 0,001] 0,54 2,34/ 0,03 1.855 78 0,10 0.10
36| 16.5
n 4 4 4 4 4 4 4 4 4 4
Max.| 4.74 3.15 0,33 0.27 9,47\ 7.07 17.058| 6572 0.69] 0.73
Min.| 3,95 1.64 0,27 0,16 7.82 3.96 12,420 406 0,46 0.50
Z 4,34 2,36 0.29| 0.21 8.59] 5.42 14,76 485 | 0.57| 0,61
0,32 0.65 0,02 0.05 0,63 1.36 1, 85 77 0,10, 0,10
n 4 4 4 4 4 4 4 4 4 4 4 4 4
Max.| 3.80 2.18/ 0.09| 0.33 0.23 0.0} 8,55 5.64] 0.3} 13.92| 542 0.63] 0,66
Min. 2,11 0.86] 0,01} 0,19 0.12 0,01 4.85 2.64 0.18 8,10 340 0.39] 0.43
x 2,94 1,47 0.08 0.25 0,16 0,01 6,67 3.86 0.24| 10,33} 428 0,50 0,54
0.64 0,48/ 0,03 0.05 0.04] 0,002 1,36 1,10, 0,06 2,28 82 0.09 0.09
37 | 16,9
n 4 4 4 4 4 4 4 4 4 4
Max.| 4.67] 2,45 0.37] 0, 26 10, 01} 6, 25 15,76] 526 0,62 0.65
Min. 2,79 0.87 0.2l 0.14 5,86 2,91 9,34 356 0,39 0.43
x 3,57 1,49 0.29| 0.19 7.84 4,24 11. 88 435 0.50, 0.53
0.7 0. 59 0,06 0.05 1.56] 1.28 2,57 67 0.09 0,09
n 8 8 8 8 8 8 8 8 8 8
Max.| 3.32 1.82 0.27] 0.1¢ 7,26 4.19 12, 21| 653 0.701 0.78
Min.| 1.71} 0.98 0.14 0.09 3.75 2,34 7.00] 375 | .0.42] 0,46
x 2,74 1,47 0.19] 0.12 5.6 3. 25 .61 483 0.53 0.58
o 0,61 0.29 0.04/ 0.03 1,18 0.62 1,73 100 0.10 0,12
38 | 41,7
n 8 8 8 8 8 8 8 8 8 8
Max.| 4.09 2,02 0.28 0.18 7,99 4.64 13.87| 497 0,54 0.59
Min. 1.95 1,01 0.13 0.09 3.87 2.91 7,73 357 0,39 0.43
x 3.14 1,51 0.21 0.13 6,23 3.46 10,58 411 0.46| 0.50
o 0,60, 0,31 0.05 0.03 1,19 0,63 1.73 44 0.05 0,06
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Appendix-Table (2-3%) (Continued)
BA| ., N IR b &= Shrinkage 5 B =
EE [EK23 Rep-
= resent| Density
. @1 &g g
Log Log ative
No, |Pia- Fig- ¢ r ! ¢ r 1 t r v R 7 r
‘|meter] ures 0 15
n 11 11 11 11 11 11 11 11 11 11
Max.| 4,75 1.69 0.35] 0,19 9,73 4.52 13.81 577 0.64] 0,67
1 | Min. 1,30 0.39 0.16] 0.05 3.64 1,28 5.6l 366 0.40y 0,07
4 2,96/ 0,91 0.25 0.12 6,60 2.71 9,30 450 0.50[ 0.48
0.97] 0. 43 0.06] 0©,04 1,73 1.02 2, 45 69 0.08 0.15
391 37,7
n 11 11 11 11 11 11 11 11 11 11
Max.| 5.85 2.29 0.35 0.21 10,90 5,37 15,32 521 0,61} 0.65
I | Min. 2,311 0.99 0.15 0,08 4,52 2,23 7.33 354 0.40] 0,43
£ 4,350 1.60 0,27 0.15 8,25 3.79 12, 54| 415 0.48/ 0,51
1,08 0.44 0,06 0,04 1,92 0,94 2.23 50 0.07f 0,07

¥ 1. 2; 38120 TI3 Table 3 B8R

See Table 3



