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Studies on the Properties of Nara-wood, Quercus spp.,
Grown in Hokkaido

II. Some Physical Properties, Especially Transverse Shririkage
of Mizu-nara-wood, Q. crispula BL., from the
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Fig. 1. Sketch showing cutting method, shape
and size of test specimen.

TEEV N

SEREEAE, ZOMBEMSELOLF<4 00, MFEMSEL MlEICEXT 2
IS5+ AEELE, ERAMOMICR, ROREELT ZOBRAENEL MOk
O, WHWEFERSZVIBHRERLATIORENH 2R DOT, TNLOHKRT
i, HEE S0 ORBA AR —EE LICEEL TARS C EBTEF, KB RREE b
FEORE,LORTN, 3501 LR LORBRFHEOERS, L DENIEANT
15 DT, ’

HER#0E 1P Ic D & 70~150 18, %% LI5S0 ETH 21,

ﬂﬁﬁﬁ"¥%ﬁﬁ,%ﬁﬁﬁ@%W%$ﬂ EHLELERNICKRD B E%H
i, RBRFOLEFHORS, THHOLRABRF OMBEO LAORS, FU ERFMH
COEX, THOBMO 1 EORESE, EMBXUSEMICOVTRREL, ¥ MEEHO
B4 SBRBIBOCHELL, EHRET L ERESOBRAOREBEREICT 5720



56 - IEEEAERERHEHARSE H$20% B15 AREERSS)

CHBRABIER 2~3 HEThEKICRL, AIBATERITARIEAUOF VT — 5~
)=z icﬁﬁbfzo EXOHIEE~A{ 7 v A~ 45— (Screw micrometer, g 1/100 mm,
HBA OB EE 6 mm OFIBEE) kD, B3OHEE 10 mg REDORXFFIC X
DTEBIED, EMRETOHMEOKR >LEBRFEIENKWI BHMKEL, 351K,
60°C ORI T L B PR E B C XDk, 100~105°C T, fHRICZ 2 ETHRL,
SHBRERDE, T, CORBIEBVTEEFMROBRFEORS 2, LHIELR
CMEICDOTRIEL, XOKMEFMOBXZ AR L, FRTFER, 2B ENEHE
LRBEHEOREN 2 EEHORELOLEFHORSTH > TRYD 722, IHEROHE
RREDEBYTH 3, _

s o - EABORER - SWEORER 10,

‘ R0 SR
ki o, - EHEOERE - SREOBEE 00,
BRI 0 = b o e $ 1000
BRI ay=a,+a :
RUAKE VSR

HIESRECICZ 0 b &5 < HEREERBAEICRT 68~T6 H), < DHEICHE,
IFEREE I I L THIE, HEINETERELS R, chbDOKER, Fh
2R, EBROKO 1EE ERA—REICH 2 REBHHO5 RBAOFHETH 5 (B1NE
), co, ThZh S MORBRF KOV TOHHEREORERBD TS, ARTRE
ZTO¥HEE SO TI LR LRAOMBEOHBERRS L DI TE 3,

ERTE TRk LS, b '
AT IVESF ?ﬁ@fﬁﬁﬁﬁ—ﬁ%w’)‘b\'c ' ] /\
RACEETBCEEL, CoicAREE 2
SHERICE L 72 13 R 5 Bo 72 ISR ]
RHIEOWTHIEL - EmEE i L T

I~ 5, g 10
 EERHBAEAROLIBEROMK & ]

O, FRBEFGOKE NS, BoHKEN :

e LTid, B#BsELskkoh, ¥ % | : oy
1B REMK E 1S B I DN TR DS e s
KREBBCEHFEFONE, kb, TR ot g sy (g per o

. W2E EREE O TUEE
BROLOWNEHT S (L AW, AR Fig. 2. Frequency distribution of annual

No. 172 &), FE8OEH M ILEsE.CHE o ring density (rings per cm).



FLHRE S 5 HOHBCET 5 HE (AR -HH-HH) , . ox

T, WHLSAFIKE>T EFRRRICZO BEEAHTHEAZR L0 No.9, No.10 7%
ETHOf, ZicHL, PEHFEICEY 2BEOWANEMOEL L, VbW 5 F%HL
P b %51, No.3, No. Ll ig 2 OHFICE L., 7, FROBELVEREZES
BHES, BWSBAICE, BBLAFREET 3HEORbN IR 3~4 KB D,
No.2, No.dix&mznTh3,

WHRABRTIC OV THR L L AREED, RBA 26 (13 KO 43 1,150 ) i
BHBEDNT 245 LHE2RBIVELROLEDTH B,

WlE FREENRVL2EHECHT 5HRE

 Table 1. Statistical figures of annual ring density (rings per cm)
and specific gravity in oven-dry.

Coeflicient
ggs&‘ggg of vz(a;i)ation Skewness| Max. Min.

0

Average | ' Mode

Annual ring .
density 10.6 9.6 ’ 4.4 42 0.24 24.9 2.8

(rings per cm)

Specific gravity _
in oven-dry (r) 0.62 0.68 0.08 13 0.75 0.83 0.43
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Fig. 4. Relation between annual ring density
and specific gravity.
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Fig. 5. Frequency distribution of shrinkage
in transverse directions.
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Table 2. Statistical figures on shrinkage in both
radial and tangential directions.

Standard Coefficient

Average | Mode deviation of va(wiation Skewness| Max. Min.
%)
aRra‘%;g} shrinkage 47 43 0.9 19.1 0.44 7.6 2.3

Tangential shrink-

age az (%) 9.1 9.6 1.8 19.8 —0.25 16.6 5.4
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" Fig. 6. Relation between annual ring density and radial shrinkage.
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Fig. 7. Relation between annual ring density
and tangential shrinkage.
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Fig. 8. Relation between specific gravity (r,) and a:/a, ratio.

BOTELBOKRTHY, Lik>T, ©OEREHEZANEERNAOER, &
A3, ZOMBREREROES, AHEREORBEN & EHEMIETEIEINELDT
529, | , |

BREE o, LRRBER R LORE k=w,/ROSHE  Hdom<, HHEEE
®a, LEBICa,+a, 2D TUR, a,R QEXBEELRAEE O THRYT) RUBEH
Ol EOEIFBCHF LN TS, REBER o, LEEFTER R OBRIZOVTHE,
NEwWLIN-WiLsON' LIEE L O BIEMN B bh, BEOMICHABROS BB
NTHY, Th, ZOPHPERIC OO THERIN TV 3, HEL0RRTRD S

0 .

i5

T
4
e~

Relative frequency

T

10

Volumetric shrinkage (av=a,+ay

ol % _L
040 0.50 0.60 T LI
. 30 ©
Specific gravity based on oven-dry weighs .
and green volume (R} A=adR
%9 BRREER: ARIEEOBRK WI0OE k=a/ROHBREE
Fig. 9. Relation between specific gravity Fig. 10. Frequency distribution

(R) and volumetric shrinkage. of «s/R ratio (k).



JLigEE T S HOMECET 3HE  (KR-AH-EH) . 63

W3E ko /RT3 BHE

s Table 3. Statistical figures on a./R ratio (k).
‘ Coefficient
Average | Mode ggmﬁ:ﬁ }of va;:;ztlon Skewness| Max. Min.
k 26.6 26.1 3.34 13 0.18 39 19

N a, & R OBAEAE 9 Mic, k%m@ﬁﬁﬁﬁ%%mlm %72, kicBT B A
HEH 3 RICRT,

%QEm;nﬁ BHEOCHFREBBTCHEREEMLTEXZRY, ZCT, RD%
Eﬁ@¢%ﬁ&,émﬂm?é%®$%ﬁ@bﬁMMMEﬁE%Xb5&
aye0 =057+249 R '

LD, FEFREW 5, ZREAEEIEREN S, UE, AMETEEIRCELL k
OEMEHM266 2GR L L, FEEFBIEBE, CCRRKDONKLBERICHIBDEND
OTH B, - '

0, & R OBBRBRBRAKEHIC OV TR BROM &2 554, 24 MRS
nid, FOREEREERBZELYL, EZ20E, No9, 1l BIU 135 0K TRZOER
EHOEMBHROVAT, COZEAHROBEBRTEFERERS0, BIE 94 1:EL
Fro COXSBELNEBEIZMICES DN O HEHAL LWL, LRo 3 OO

- No.9@, EHHEOEMICHT 2HLEOEMOEED, MOMABICH~THEICKXL,

X No.13 dIIZREOMER AR L1z, K3, No.1l dir L AW, FROHED I EH
MRTHD7, #/, TOL5 BEFHRFENER, HEBEZOLORIHLOIEZOTERS
HREMBEDOOIDTHAH, CHODHIDVWTRIICHHTEFETH 3,

= &

RBEHBRRA RERCESY 5 “EEEF SHOMECET 285%™ 0—&
ELT WREMREAR AT VVEI AT I HORMRBREST D, RERMEE (o), &

ARBHER (ar), BEIRMEE (00), afa, BELDNTRITL, X5k, FHFE HhE %
b

BMEERECICZEDOHERRIC DL TREEB IR, TOBRERELL, 1,
A?7VE%7ﬁ®¢ﬁ@§®~&KOwTd%K$%?éo

L HBRHMZ 8RR HIGEIAEREIEB)EE X 120 SREE T B TR 1
BL, t FRYRELT2HERIBEIRONBEIEEDTHD, FIEFERELEHL
T30 EFMEN, BBRMIET, COXIBERKGDD I XF I TA» SHEREN
FLDTHB, 16 RKORBABBEN LY, ChbORMBOH LR 4~5m {5505 2h



64 . TR BRI HIIEES B20% 519 ARELESD)

ZR1BS>OMBARRKL, 2013 KaRBitE Uik,

2. ERZCEIN LRIV TRERBORELZ ECLO>THL OB IHDOLS
% T U AR B £ E o, BB 2em (SEHIE) X 2om (BAEHFE]) X 15 cm
(e H ) OBEF®RTH 7, RBFOKI 1 KOHKD 2 EEFEADET, F0H
mfum@,1<um@®fm7mmf&otoaﬁﬁu*m&t&2~3ammoﬁ,m
BRBET vy — 5~ iR LI,

3. BIEHEREREE (), SHEE (), WHE @, 0) THD, TF, AHREIC
BUOTRBH OBEFEROBHHHOE 2 HEL100mm DAY Y 2~ 4 70~
2 THD, ABHELICHE USRS LD, < OREICHY 3T H RO
FROES2HE, $5ic, 2RERE AT L, WHRREEM» O EHICES, VDY
BEIIEERTH B, WERSTITNICS &5 < HHEARE BN L TERRARICEY 3.

4 WEEREAICO O TENRAERERICINE (521, $18), tORMIE
EREE ERRTATNI106, 44, 024 THBMOSAIEMICR LI, 2REEDOZN
T (E3X, H1%) 062, 008 —075T, chbBEHEIGEL, ERBERLLO>TRS
XN HMEA I 3B%, Bicid40%, Citid27% &3 h, ChXFEHEICRGILD
T A7, OB (54X &, ZZAMARLOBRS SN, ADHERWO% LLE
THot A:6~20 DBWETIE 7,=708e %4 +500 THHTC EMBTxI,

5. BEREE ., BAIERC (5, $2% OTE BEREEL. FhE
n43, 09kvr9l, 18T, adia, DIRFIT2FEOREIERT, a- a: DELZHKRE
®H, SiIcRBREENICANIE, VAVARHEMLOEBOD B ENbLEM, Th
> O T TiIfThbh T3 Mc INTOSH?, JLA®, HEP REDREE-DORN B
ELTHOBRBHT~ETHES S, afo, REOEEMAIK2 TE Ok, 1355 26 DX
WEBEICBOTELL, $EAFBICBOTRERFORELOHEMEERD 2 ENBTE
wWhot (B8X), a- L A, a, & AORITE, AD—FHHEICBOGELWICEKREE
LS 2EEBAHSN (B6K, BTH), KORE/L, Tiibb

a,06=54—-0072A4  (A:4~20) ao =125—-027 A (A:4~20).
ARLODROHFFELBOND, ' ‘
ABM B ®E#HM C E 5
ar >4.8 48~42 . 42>
a >10.3 10.3~8.9 8.9>

6. BRURER o, LEREEN R OMICE, BRHEICHY 1 REREE HiICo0
TREZRAL-EIEREREZDON (BIX), a00=057+249R BBL N, AR
OHERLE, k=a,/R OHFHE (2 10 ) 5 5R bk £ OTFHME 266 1GEN S D



LG EE > SHOMERET SR (RR-GH-BH) 65

THOt, UL EREYASESRERD, T, L8 ao—R OBERS, Z2HEKO
BHHICS 5 &P DEOLDEND, COLS TREHEONMS EHHEOTL S,

CHE, HEBEOEEL S IHAEEEO—DTHE | AT Y Y EF T HORERS 5
CICEREE, KRSV TOMEHEERE L, FREERCREICOVTE, EH
OEEHO D TR, HMEMIHERIBOLASVEEZ CNEFNEKIC—BEL, ML
IWE&QT%<%m3n1m5,B,C@M@m$@,&@mmﬁm7w—7mﬁjé
SOEBMLS 5. 55, COTV—TICARERHSET 5, WRREMHICEAE L
TELY, £/, FEOEMLUALBEOHIEAIZ T L0, B RIThig, BRIIhAE
i’%‘ﬁ'&f:ﬁ&cﬁb\f«ahbi, HPED OMEDI X7 7 X DBBIBESE 4T, £,
¥ 4 7 Roteiche®, Jh7 # Y # 2 red oak® &1, #HIGESET T RWERIK S 5,
PREEHEL, MhEBREASTH S, COREOYUMITRRIL LI, F IHOEHE
Bl AEALEBCEEUHELOMBEAET R LICEDT, HEREELTOEW®SE
K55 570, BRIGE BRIEEbLIC, SEMTERE L TRES 2ICEREE RN
‘K#ﬁaf%@ﬁ%ﬁf%nb#bp—ﬁ,%éﬁgﬁ,E*Eﬁﬂﬁﬁﬁﬁmf%#ﬁ
DRTHDT, 1Hic, IHEFICHT 2 REMERERE TS, COCEEErhEL
IEROBRIC OV T HIET L LT 23, ZHORBEOHOTEBEC A RH®Y
BHTHOT, REBAICEIS DI ABBHE TR T 00 b RBMEME L < &
WEBRESETEL SNBINEESEON, RIBAKED L AERAEE WS
EBRLEOOTERIDRTNEIREBVLITH S, WEROBE, 0k, LcEE
LB hREBORNORBEBREFET, RBFOB, KR&X, HBRFEREBIEEEE
BET 3, AERICEY 2 IEROREOREO—H, RBFE & CCRBRAF OB
FB3hHENIT, COZRKODOTRSBREBERT LD,

% % % M Literature cited

1) ABEZ - HBE-RU—5: bEEEr >MOMBECHET 8% L Bl 54O E Ok
- deEEAREEEWIERE, 17 % 25, 793-869 H, HE 30
M. Ousawa, H. MivaJiMA and K. HIGASHIYAMA: Studies on the properties of Nara-wood

- grown in Hokkaido. I. Comparison of some properties of Nara-wood grown in various
‘localities. Res. Bull. Coll. Exp. For., Coll. Agr. Hokkaido Univ., Vol. XIII, No. 2,
793-869, 1955. .

2) KitstBrk. JIS A 1002 35 X ¥ 1003, A 29.

3) TRENDELENBURG, R. u. MAYER-WEGELIN: Das Holz als Rohstoff. 2. Aufl,, 1955.

4 GOHRE i. WAGENKNECHT: Die Roteiche und ihr Holz. 1955.

5) HEfRBE: FPEZEHBREER. ILEEREXH, 25% 12 5, 585 H, KIE 15.

6) Wood Handbook : Agriculture Handbook, No. 72, U.S. Dept. Agr.,, 1955.



66 EEARFREBRIERTARSE #2058 H15 (RREETES)

7) McINTOSH: Transverse shrinkage of red oak and beech. For. Prod. Jour., Vol. VII, No. 3,
’ 1957, 4. , o

8) JLMNB: FRANENNERSROSREYLCET SME (PW. BAMEE 37595, H30.

9) WHE— - JLEBE—: AHEZE 33H, H28. -

10) J. A. NEWLIN and T. R. C. WILSON: The relation of the shrinkage and strength properties
of wood to its specific gravity. U.S. Dept. Agr., Bull. 676, 1919 (3 4 £ D03 A
ks, :

11) KOLLMANN, F.: Technologie des Holzes und der Holzwerkstoffe, 1. Bd., 1951.

12) RS AMODRERORFHEOREK DWW (38 12 ), SEMSMELE - RN 6. K
MR, 4% 6 5, fH 33, '

Summary

This article, the second in a series of the writer’s studies on Nara-wood, Quercus
$pp., grown in Hokkaido, discusses the results of tests conducted at the Institute of
Forest Products of Hokkaido University. The tests were made to determine the
annual ring density (number of annual rings per centimeter), the specific gravity and
the transverse shrinkage characteristics of Mizu-nara wood, Q. crispula Br., from
the upper basen of the Tokachi-river in Hokkado where a large quantity of the
logs are produced every year.

Thirteen 200-400 year old Mizu-nara trees selected in a mixed forest composed
of 80 per cent softwood trees and 20 per cent hardwodds were felled and a 15 centi-
meter thick disk was removed respectively from their trunks at a 4 meter height
above ground level. These disks were painted carefully to retard end drying and
end checking and were shipped to the laboratory of the institute. ' ‘

After some data related to the rate of growth had been recorded, two blocks
were respectively sawn from two radii of each disk, one minimum and other
perpendicular to it, as indicated in figure 1-a. From these blocks shrinkage test
specimens were cut as shown in figure 1-b. :

The radial and tangential shrinkage determinations were made on a 2.00 by 2.00
by 1.50-cm specimen as shown in figure 1-c; annual ring density and specific gravity
were also obtained on this same specimen.

The green specimens after having been soaked in water for about 2 days were
measured to an accuracy of 1/100 millimeter by use of a screw micrometer, across the
radial and tangential dimensions for determination of shrinkage. The test specimens
measured in green were open-piled under room conditions for a week, then were
dried in an oven at 60°C for a day and were finally dried at 100-105°C until ap-
proximately constant weight was attained. After oven-drying, the test specimens
were weighed and. measured in both radial and tangential directions and also longi-
tudinal.

Observations were made of annual ring density, -specific gravity,- transverse
shrinkage of Mizu-nara-wood, and their mutual relations were discussed. The con-
clusions reached are summarized as follows:
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1. Data on the shrinkage characteristics of the wood and some related factors
are given in appendix. They are: annual ring density (number of annual rings
per centimeter, A), specific gravity in oven-dry condition (r,), the same in oven-dry
weight and green volume (R), radial shrinkage (a,) and tangential shrinkage (a;)
based on the dimensions when green, volumetric shrinkage calculated as a,=a,+a,,
difference of the two shrinkage values (a,—a,), tangential-radial shrinkage ratio (a./a,
or t/r ratio) and volumetric shrinkage-specific gravity ratio (k=a,/R).

2. Frequency distributions and some statistical figures of annual ring density (A)
and specific gravity (#,) are shown in figures 2 and 3, and in table 1. As shown in’
table 1, average value of annual ring density is 10.6 which corresponds closely to
that of the wood from Ashibetsu area® ; the value of specific gravity is 0.62 which
also closely corresponds to that of the same area. Nara-woods can be classified into
three groups according to the annual ring density of themP®, viz.,, group A: less
than 8 of annual ring density, group B: 8-13 and group C: more than 13. The
wood of group A is much stronger and suitable for structural lumber while the
wood of group C is not stronger but softer and suitable for being worked up with
handtools and machines. 'Group B has good quality in both strength and workability
or machinability. In this report the present writers arranged the Mizu-nara wood
tested as 33 per cent belonging to group A, 40 per cent to group B,: and 27 per
cent to group C, on the basis of the frequency distribution of the annual ring
density. The relation between annual ring density (A) and specific gravity
{r,) illustrated in figure 4 was approximately expressed by an empirical formula
¥,=70.8 ¢ >4 1500 in an extent from 6 to 20 of A, within which appeared above
90 per cent of the total frequency of annual ring dehsity.

3. Figure 5 and table 3 show the .frequency distribution and some statistical

" figures of radial and tangential shrinkage. Average value and standard deviation of
radial shrinkage of the wood were 4.3 and 0.9 per cent respectively, while those of
tangential shrinkage were 9.1 and 1.8 per cent. a,/a,. ratio which has been often
prepared by the several authers in order to study the anisotropic shrinkage of wood
was averaged approximately 2 and ranged from 1.3 to 26. No correlation was found
between a,/a, ratio and specific gravity (7,) in these tests. Both transverse shrinkages
were shown to decrease as annual ring density increases and the relation was given
approximately by the empirical formulae a,..,=54—0.07 A and a,=125-027 A
for the range from 6 to 20 of A, within which about 90 per cent of total frequency
of annual ring density appeared. Shrinkage values (a,, a,) corresponding to 8 and
13 of annual ring density which are the lower and upper critical number in the

" classifying as mentioned above are given respectively as 4.8 and 4.2 per cent for a,

and 10.3 and 8.9 per cent for a, by substituting in the formulae.

4. Relation between volumetric shrinkage and specific gravity (R) was repre-
sented by an empirical formula a,=0.57+24.9 R on the basis of all the data for 13
disks described in appendix. The intercept and angular coefficient of the formula,
however, varied widely from the figures given here in some particular disks. Values



68 JLEERERERHTHRIARE B20% H15 (RRSEEESE)

of k=a,/R averaged 26.6 with a range from 19 to 39.

~ Observation of the results on the shrinkage tests indicates that the dispersion of
the shrinkage values in both directions is very high not only in varying annual ring
density and specific gravity but also even within a limited extent of them. To solve
the reasons for the appearance of such a large dispersion, an .analytical discussion
of the mechanism of shrinkage of Nara-wood must be made. In this report it was
not proposed, however, to study this fundamental aspect of the subject.

# ®& EREE, LERCNERCET>ARRBBER

APPENDIX Data on the shrinkage characteristics and some
related factors on Mizu-nara-wood (Quercus crispula BL.)

No.: MiIFEE, ¥RRB/RI—EE RS ZHRKON A 5 DEMN, £ 1RKEsR.
A: EREE (1em ¥ bR, ' '
ro: = ¥ W H.
R: ABEEEN.
ar: HEENEE (%)
ar: ERIER (%)
ay: ARNMER (%)

" No.: Disk number in Gothic, radius in A or B, and position on a radius
from pith to sap (see fig. 1).
A: Annual ring density (rings per cm).
76 : - Specific gravity in oven-dry (gr/cm®).
R: Specific gravity based on oven-dry weight and green volume (gr/cm?.
a-: Radial shrinkage (%).
a:: Tangential shrinkage (%).
av: Volumetric shrinkage (Zar-+a:)
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AvF

No A | mx100] o “ et | %7 ade, | Rx100| K75
(28) (22) (22) (28)

1A1 14.8 69 54 | 100 154 46 1.85 58 - 26.4
2 121 66 42 9.7 13.9 55 2.31 57 245

3 16.6 62 46 8.7 13.3 41 1.89 54 24.8

4 116 |- 65 45 9.4 13.9 49 2.09 56 24.8

5 8.9 68 43 10.2 145 59 | 237 58 24.9

6 9.7 59 35 6.9 10.4 3.4 1.97 53" 19.7

av. 12.3 65 44 9.2 135 4.7 2.08 56 243
1B1 10.7 74 5.1 10.6 15.7 55 2.08 62 25.1
2 8.1 74 55 11.0 165 55 2.00 62 26.7

3 95 72 5.4 10.8 16.2 5.4 2.00 60 26.8

4 104 68 49 10.0 14.9 5.1 2.04 58 25.8

5 6.9 72 4.8 10.6 154 5.8 2.21 61 252

6 60 | 173 4.8 10.1 14.9 5.3 2.10 62 240

7 6.0 72 47 | 100 14.7 5.3 2.13 61 239

8 6.1 72 46 10.9 15.5 6.3 2.37 61 255

9 6.7 65 | 39 8.2 12.1 43 2.10 57 212

av. 7.8 71 49 10.2 15.1 5.4 2.11 61 249
2A1 9.4 69 5.6 10.0 15.6 44 1.79 58 26.8
2 10.7 69 55 10.3 15.8 4.8 1.87 58 27.2

3 14.6 65 5.2 9.3 145 4.1 1.79 56 26.1

4 11.8 65 53 9.1 144 38 [ L72 56 25.9

5 15.5 59 47 8.4 13.1 3.7 1.79 51 255

6 17.4 55 4.1 6.0 10.1 1.9 1.46 49 20.4

av. 1382 | 64 5.1 8.9 139 38 1.75 55 25.4
2B1 44 70 5.6 10.0 15.6 44 1.79 59 26.4
2 6.3 72 6.0 9.7 15.7 3.7 1.62 61 259

3 6.7 72 5.9 104 | 163 45 176 60 271

4 7.0 73 6.0 10.6 16.6 46 177 61 27.3

5 9.9 66 5.6 9.7 15.3 41 1.73 55 285

6 89 67 5.2 10.2 15.4 5.0 1.96 57 272

7 143 60 46 8.4 13.0 3.8 1.83 52 24.9

8 13.2 57 45 7.5 120 3.0 1.67 50 23.9

av. 8.8 67 5.4 9.6 15.0 41 175 57 265
3A1 10.4 63 5.8 &8 | 146 3.0 1.52 54 27.1
2 10.0 64 5.2 9.3 14.5 41 1.79 55 265
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No. A rox100 { % B z:?—at W= | gyfay | RX100 {:7R
w | o | | e ’

3A3 9.4 63 5.1 8.8 13.9 3.7 173 54 | 256
4 159 56 4.7 7.1 118 2.4 1.51 49 23.9

5 10.2 57 42 8.2 124 40 1.95 50 248

6 12,5 52 38 6.9 10.7 3.1 1.82 47 23.0

av. 114 59 48 8.1 13.0 34 1.72 51 25.2
3B1 6.1 65 5.4 8.4 13.8 3.0 156 | 56 246
2 5.3 67 5.3 a1 14.4 3.8 172 57 25.0

3 5.9 69 55 9.3 14.8 3.8 169 59 25.2

4 9.4 62 5.0 8.8 13.8 3.8 1.76 53 25.8

5 104 60 5.0 7.8 12.8 2.8 1.56 52 245

6 102 58 47 7.8 12,5 3.1 1.66 51 24.6
7 9.8 56 44 77 12.1 33 175 49 246 -

8 9.5 56 4.0 7.5 115 35 | 187 50 23.2

9 9.4 52 3.7 6.1 9.8 24 1.65 47 208

av. 8.4 61 48 | 81 12.8 3.3 1.69 53 24.3
4A1 11.9 64 49 8.9 13.8 4.0 1.82 55 25.0
.2 8.6 66 4.7 101 14.8 5.4 2.15 56 26.4

3 13.0 59 46 9.3 13.9 47 2.02 51 | 213

4 9.4 63 44 9.3 13.7 49 2.11 54 25.2

5 9.7 63 44 9.2 136 48 2.09 54 25.0

6 8.0 65 4.2 9.3 135 5.1 2.21 56 24,0

7 5.8 66 42 9.3 13,5 51 2.21 57 237

8 6.9 64 3.8 8.3 121 45 2.18 56 218

av. | 92 64 4.4 9.2 13.6 48 2.10 55 248
4B1 10.6 65 5.1 9.5 14.6 4.4 1.86 56 26.3
2 | 48 7 5.3 104 15.7 5.1 1.96 - 60 26.2

3 6.5 71 55 10.4 15.9 4.9 1.89 60 26.6

4 10.4 66 5.4 9.3 14.7 3.9 1.72 56 261

5 9.0 68 5.3 9.3 14.6 4.0 1.76 57 25.4

6 9.6 64 47 8.7 134 4.0 1.85 55 24.2

7 9.5 61 45 82 12.7 37 1.82 53 243

8 7.2 59 40 74 114 34 1.85 52 21.8

9 9.4 63 49 8.6 135 3.7 1.76 55 24.8

av. 8.6 65 5.0 9.1 14.1 41 1.83 56 25.1
5A1 43 67 49 9.3 | 142 4.4 1.90 58 247
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No. A | wmex100| 9 at Zﬁi'a, ST ey | RX100 .ij
) | e | o | )

5A2 6.0 68 5.1 10.5 15.6 5.4 2,06 57 27.2
3 114 63 4.6 10.0 14.6 5.4 2.17 54 26.8

‘4 12.4 55 4.0 85 12.5 4.5 212 48 26.0

5 11.3 55 3.6 7.9 115 43 220 49 23.6

6 -15.8 52 35 7.3 10.8 3.8 2.08 46 23.3

7 125 | 48 2.6 6.4 9.0 3.8 2.48 44 20.6

av. 10.7 58 4.0 8.6 12.6 45 2,14 51 24.6
5B 1 2.8 68 5.1 10.6 15.7 5.5 2.08 57 27.2
2 45 66 5.0 104 15.4 5.4 2.08 56 27.6

3 42 68 4.2 10.8 15.0 6.6 2.57 58 25.9

4 3.4 67 45 8.6 13.1 4.1 1.91 58 22.5

5 10.5 60 44 9.6 140 5.2 2.18 52 271

6 8.9 57 3.9 85 12.4 4.6 2.18 50 24.9

7 8.6 62 3.9 10.2 14.1 6.3 2.61 53 265

8 13.3 59 4.1 9.2 133 5.1 2.22 51 26.0

9 20.7 51 3.1 6.6 9.7 35 2.13 46 21.5

av. 8.5 62 42 9.4 13.7 5.1 2.21 53 25.5

6 A1 9.1 67 5.1 9.7 14.8 4.6 .90 | 57 25.9
2 4.8 73 4.7 10.3 15.0 5.6 2.19 62 24.2

3 6.0 69 47 8.8 13,5 4.1 1.87 60 22.6

4 9.8 61 41 8.3 12.4 4.2 2.02 54 23.2

5 60 67 42 9.0 13.2 48 2.14 57 24.7

6 5,7 63 3.7 7.8 115 4.1 2.11 56 20.6

av. 6.9 68 44 9.0 13.5 4.6 2.04 58 23.6
6B1 4.8 75 49 10.1 15.0 5.2 2.06 64 23.6
2 4.8 75 5.6 9.5 15.1 3.9 170 64 23.7

3 5.1 75 5.5 9.5 15.0 4.0 1.73 64 235

4 66 72 45 9.1 13.6 46 2,02 62 21.9

5 6.5 70 4.4 8.5 12.9 4.1 1.93 61 211

6 4.5 73 4.1 9.1 13.2 5.0 2.22 63 20.8

7 6.0 69 4.0 7.8 11.8 3.8 195 | 61 194

av. 5.5 63 4.7 9.1 13.8 44 1.94 63 220
7A1 9.7 66 5.3 9.6 14.9 43 1.81 56 26.5
2 10.2 68 5.0 9.8 14.8 4.8 1.96 58 25.6

3 10.4 66 4.8 9.7 145 49 2.02 56 25.7
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No. A 76X 100 xr az artae ar—dr arlar R %100 {:;R
- (%) (2) (28) (26)
7A14 107 63 43 8.7 13.0 44 2.02 55 23.7
7.1 63 43 8.8 13.1 45 2.03 55 24.0
6 10.3 58 4.0 8.1 12.1 4.1 2.02 51 23.7
7 11 57 40 7.8 11.8 38 195 51 227
8 134 53 3.6 6.8 104 32 1.89 48 21.9
9 14.7 52 | 34 6.0 9.4 26 1.77 47 19.9
av. 10.9 61 43 8.4 127 40 1.94 53 23.7
7B 1 106 -| 63 46 8.7 13.3 41 1.89 55 244
2 105 68 45 9.6 14.1 5.1 2.13 58 24.2
3 8.5 68 45 92 137 47 2.04 59 234
4 9.1- 64 42 9.3 13.5 5.1 221 55 244
5 102 59 3.9 7.6 115 3.7 1.95 52 22.1
6 111 55 3.8 7.1 109 3.3 1.87 50 22,0
7 | .1885 55 3.7 6.9 10.6 3.2 1.87 49 21.6
8 114 54 3.4 6.6 10.0 32 1.94 49 206
9 9.4 56 3.9 6.7 10.6 2.8 172 50 21.2
av. 10.5 60 41 7.9 12.0 3.8 1.96 52 22.7
8A1 7.0 70 4.9 10.0 14.9 5.1 2.04 60 | 245
2 105 64 4.7 94 | 141 47 2.00 55 25.6
3 85 64 41 9.6 13.7 5.5 2.34 55 248
4 85 62 4.2 9.1 13.3 49 2.17 54 24,7
5 95 60 39 9.0 12.9 5.1 2.31 52 24.6
6 119 57 3.3 7.9 112 4.6 2.39 50 22.3
7 14.8 47 3.2 7.0 10.2 38 2.19 42 24.2
av. 10.1 60 4.0 88 12.9 48 2.20 53 243
8SB1 5.8 73 5.8 10.6 16.4 48 183 61 26.9
2 6.0 72 5.8 10.9 16.7 5.1 1.88 60 27.8
3 8.0 69 5.4 10.7 16.1 5.3 1.98 58" 27.8
4 75 68 5.3 10.7 16.0 5.4 2.02 57 28.0
5 85 66 48 10.3 15.1 5.5 215 | 56 269
6 10.0 60 43 9.8 14.1 5.5 228 52 274
7 8.8 62 45 9.2 13.7 4.7 2.04 54 25.7
8 12.3 54 3.8 7.9 11.7 41 2.08 48 245
9 14.0 48 '35 6.9 10.4 3.4 197 .| 43 242
av 9.0 64 48 9.7 145 49 2.03 54 26.6
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- No. A 70X 100 ar td artar | ¥ | arfar | RX100 ij
(%) (2) (25) (%)
9A1 65 71 6.9 11.7 18.6 48 1.69 58 322
2 9.4 66 6.6 1.1 17.7 45 1.68 54 32.6
3 15.1 60 5.8 99 | 157 41 17 51 31.0
4 245 49 5.0 75 12,5 25 1.50 43 29.1
5 15.3 56 49 8.4 13.3 35 1.7 49 274
6 17.8 52 42 77 | 119 35 1.83 46 26.0
7 18.6 49 3.8 6.9 107 | 31 1.82 44 244
8 21.8 45 3.4 6.1 95 2.7 1.79 41 23.3
av. 16.1 56 5.1 8.7 18.7 3.6 172 48 283
9B1 6.1 82 7.0 12.1 19.1 5.1 1.73 65 29.2
2 85 73 6.6 11.9 18.5 5.3 1.80 60 311
3 | 100 64 6.2 10.9 17.1 47 1.76 53 32.3
4 12,0 59 5.6 10,0 15.6 4.4 1.79 50 315
5 22.5 49 48 7.9 12.7 3.1 1.65 43 | 207
6 17.5 53 43 8.2 125 3.9 1.91 46 269
7 145 56 45 7.9 12.4 34 1.76 49 25.2
8 12,5 54 45 7.4 11.9 2.9 1.65 48 25.0
9 14.4 54 3.9 7.1 11.0 32 1.82 48 22.9
10 18.0 50 3.9 6.3 102 2.4 1.62 45 227
av 13.6 59 5.1 9.0 14.1 3.9 175 51 21.7
10A1 18.2 57 3.8 7.9 11.7 41" 2.08° 50 23.2
2 75 69 44 9.7 14.1 5.3 2.20 59 23.8
3 8.7 63 45 9.7 14.2 5.2 2.16 54 26.2
4 9.3 67 45 9.8 143 .| 53 2.18 57 249
5 6.8 67 41 9.1 13.2 50 | 222 58 22.7
6 9.7 62 38 8.3 12.1 45 2.18 55 222
7 7.3 59 35 6.9 10.4 3.4 1.97 538 19.7
av. 96 63 41 | 88 12,9 47 2.14 55 232
10 B 1 59 71 44 98 | 142 5.4 2.23 61 233
2 6.8 78 5.2 10.6 15.8 5.4 2.04 66 24.1
3 7.7 71 47 9.4 14.1 47 2.00 61 23.1
4 7.8 71 47 9.6 143 49 2.04 61 23.5
5 88 | 65 | 43 95 | 138 | 52 | 221 | 56 246
6 8.1 68 40 9.5 135 55 2.38 59 23.1
7 9.3 67 40 9.3 13.3 5.3 2.32 58 226
8 71 66 3.7 9.1 12.8 54 | 246 58 22.2
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No. A rex100| xe ::Tla, @ | gyfar | RX100 IR
(%) | a | e | (% ’

10 B9 6.6 67 3.5 85 12.0 5.0 2.43 59 | . 203
av. 7.6 69 43 95 138 5.2 2.23 60 23.0
WALl | 88 73 7.0 128 19.8 5.8 1.83 60 331
2 6.5 78 7.3 129 | 202 5.6 1.77 62 325

3 9.1 68 5.8 120 | 178 | 62 2.07 56 319

4 97 | €8 58 | 112 | 170 5.4 1.93 56 30.1

5 12,0 62 5.6 9.9 155 43 177 52 29.6

6 16.6 55 5.3 7.9 132 2.6 1.49 48 27.6

7 179 49 48 6.3 11.1 15 131 44 255

8 19.0 48 43 7.2 115 29 1.68 43 27.1

9 18.2 47 46 6.8 114 2.2 1.48 42 27.5

10 | 212 | 45 40 6.2 102 2.2 155 40 25.5

1 20.8 44 3.7 5.5 9.2 18 | 149 40 23.2

av. 145 | 58 5.3 9.0 14.3 3.7 1.67 49 28.5

1 B1 5.4 77 7.1 159 | 230 88 | .224 59 38.7
2 5.5 79 6.7 156 | 223 8.9 2.33 61 36.4

'3 44 80 6.2 15.9. 22,1 9.7 2.56 62 35.6

4 67 | 74 5.8 14.4 202 8.6 2.48 59 34.3
5 6.1 73 5.6 140 | 196 8.4 250 59 334

6 7.5 70 5.6 12.9 185 7.3 2.30 57 32.4

7 13.7 60 " | 55 10.2 157 47 1.84 51 31.0

8 144 58 4.7 8.6 133 3.9 1.83 50 26.4

9 15.1 51 42 77 ) 119 35 1.83 45 26,5

10 16.1 50 4.1 7.4 115 3.3 1.81 44 25.9

11 171 48 3.8 7.2 11.0 34 190 | 43 25.8

12 19.8 48 3.6 70 | 106 34 1.94 43 247

13 | 191 49 3.4 7.1 105 37 2.09 44 239

14 | 219 46 33 5.6 8.9 2.3 1.70 42 212

av 12.3 62 5.0 107 15.7 5.7 2.10 51 29.7
12A1 5.0 75 6.1 10.6 16.7 45 174 63 26.7
2 46 .| T4 6.0 109 16.9 49 1.82 62 27.5

3 10.1 72 5.7 9.8 155 41 172 61 25.5

4 | 205 57 5.0 7.8 12.8 2.8 156 50 25.8

5 | 228 54 47 7.7 124 3.0 1.64 47 26.2

6 | 191 53 44 6.8 11.2 2.4 1.55 47 24,0

7 21.1 51 4.2 6.6 108 2.4 1.57 46 23.7
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No. A rex100| %7 ae | oy, | war atfar | R*100 'I:TR
v | @ | = | e "
1248 | 205 53 3.9 67 | 106 2.8 172 47 22.4
9 | 217 53 3.9 69 | 108 3.0 177 48 22.7
av. | 162 60 49 82 | 131 33 1.68 52 249
12B1 5.1 74 5.6 14 | 170 5.8 2.04 61 | 277
2 55 70 58 15 | 173 5.7 2.00 61 285
"3 90 "|. 63 55 | 100 | 155 45 1.84 53 29.1
4 9.2 62 5.1 101 | 152 5.0 1.98 53 28.9
5 95 | 62 5.0 101 | 151 5.1 2.02 53- | 287
6 | 100 59 47 90 | 137 43 191 51 | 269
7 | 11 58 48 92 | 140 44 192 | 50 28.1
8 | 131 56 46 90 | 136 44 1.96 48 28.1
9 | 140 54 43 84 | 127 a1 | 19 47 27.0
0 | 126 53 41 84 | 125 43 2.05 46 26.9
11 | 134 54 41 83 | 124 42 2.02 47 262
12 | 135 53 40 80 | 120 40 2,00 47 25.7
13 | 133 52 38 79 | 117 41 2.08 46 25.5
14 | 159 50 3.6 76 | 112 40 211 44 25.2
av. | 118 59 46 92 | 138 46 1.99 51 27.2
1BAL 56 70 6.1 17 | 178 5.6 1.92 58 309
2 | 65 69 6.0 10 | 170 5.0 1.84 57 29.7
3 8.0 63 | 61 105 | 166 44 178 53 316
4 10.8 57 5.4 9.9 153 45 183 | 48 317
5 98 | 57 5.3 102 | 155 49 1.93 48 322
6 9.9 57 5.1 94 | 145 43 1.84 49 298
7 | 113 54 48 97 | 145 49 2.02 46 314
8 | 126 51 44 86 | 130 42 1.95 m 293
9 | 162 46 41 80 | 121 3.9 1.95 40 30.0
10 | 140 51 42 82 | 124 40 195 45 27.8
11 | 130 51 41 86 | 127 45 210 45 285
12 | 131 50 40 80 | 120 40 2.00 44 27.3
13 | 138 50 3.7 76 | 113 3.9 205 44 255
14 | 114 51 3.6 76 | 112 40 211 45 249
av. | 111 55 48 92 | 140 44 1.94 48 29.3
13B1 7.0 69 5.9 121 | 180 6.2 2.05 57 31.8
2 7.0 66 5.5 128 | 183 7.3 2.33 54 339
8.5 61 | 52 | 116 | 168 6.4 2.23 51 32.7




76 JEEERERERHEHAERE £20% H1H5 (RREELES)
No. A | rex100| & o 2211, “TU 0 aglar | RX100 | 7R
o) | ) | o | (o )

13 B 4 8.0 62 5.4 11.5 16.9 6.1 2.13 52 . 328
5 8.0 61 5.1 1.7 | 168 6.6 229 51 331

6 9.0 61 5.0 11.0 16.0 6.0 2.20 51 31.3

7 8.6 61 5.2 10.6 15.8 5.4 2.04 51 30.8

8 115 55 4.9 9.6 14.5 4.7 1.96 47 30.9

9 15.0 50 4.4 8.6 13.0 4.2 1.95 44 29.9

10 10.0 54 4.5 9.7 14.2 5.2 2.16 46 306

11 12.2 53 4.2 9.1 13.3 4.9 2,12 46 289
12 - 13.8 49 3.9 .79 - 11.8 4.0 2.03 43 27.3 .

13 132 48 3.7 79 116 4.2 2.13 42 274

14 11.2 51 3.6 9.4 13.0 5.8 2.61 47 274

15 12.2 50 3.1 7.9 11.0 43 2.55 45 24.7

av. 10.4 57 4.6 10.1 14.7 5.5 2.19 48 30.2




