SEIEBER D TP s X BRI IEE &
A% O BIFRIC U C

% A E B

F L &

TERFAME SNBHER (v /%, AF, 7TH=Y, #7<Y, 1) OFHEIE, ThETLEWLE
PALNCINTELD, SEETETRESNSALOMOME L £EAR L COMEYBERECIEET
BEHRHLETEH B, , ,

SIERM OMBEWL ELXRW D x Sie—, ZOFRE LT, BtkLHEMEI FIRNTERBCHHL,
ELDTRE—ThHHI L, AKKEDRML L RATOFRTEL VERL LD L, BEOKEN Y
LHTIENZ LI BT OIS, JhidHEMEs JOMEEL MO - MBS by THKEFEL
TWhT L hbhbbto Lichis THERMOWE - XL AT T 51T, FRNOTHEOREE,
R & A O£ % SEEHCHMiafECIHL (R TE 2EWERNILEL Sh, AR IE
BroerAMELE,

AERCI WL, BN X 2T E R LU ORE X 1T » 7025, T ORnREHER ED#S
HRRROFEHRIC OV TOFHERYLETEH - 1o, FMIAED 3 £ A HAD XK RIEEC >
WA ERETOMEL D 5 1D T, TOBRIRLIROVTHRE %Y, —ROERY X TERCETF
Lic, ZhBEDFHERCOWTHHFERLER 2O IDT, FRLEHTHRETHZ LIRLT,

ER A D B, FUROHFE L, RE  EEED TR ZT e, Bk ED B OIEIAN
K. K. ORATHR, FREEROMAE XK, BEBOMELZES ORI -7, FRORD ¥
LBHFEEYE LI ENEREE IFERZE U, BAHBER,DIEC BIRTFELELKE
foo A EDERCESHELEL 7,

I KRERICOVLTORKRE

1. 2/ n3BRERORIR

Table 1 1ICRL - &FOBD X D AVERCE BEMER (oL X345, SEH-0TLL) '
U, BERCOVCTEM L VBMEES T, TEXHEFAY - AEOREE THRINS X 5 KERT
P RESRA, BAEEBCERT) 2903, YIVHLIZI7e - A X550, YIFETEIOREY
FHRCCEDNEEL, ZOYRD JIS KEDLBEFEORRA COXRRE L AUBEDMEY, L <
BN EOBIE RS 5 1 DI RNELRKE S, BRI ZRVWETLELN LS,

SHEMEM AT OLRARO BER LRI 0 ThiE, AY- - AETPEL LD 5~6 flaks
UHEOREIL 200 ¢ Hilhx 5, RBEIRX—FTHHZLAEEL A, BEH T 200, 2#2 %

(1) ARHEHSBYETESE - RS
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RN, BAEBRPHEBORL 2N 2G5, BELER COMM OBMERE I Kbh T 5, ®x
4 6 R B UBR D 120 p ORBE S & UL, Pie s b 160 p BETYI) B SREEb i,

GO HLHOT = v 7 ORILATIIBK, K7 Ve )Y fe b B0, A CREHEOE L%
ZbN B LT THMERKLC X » o

b ORBHIYIHIBRE TR OES T 2800, YINRE L » CRELES T, KFEIH%E
ZFBHDOT, TDIRINC X o THOBERETE » TBUN B ET BN L2, AFOR - H o,
JEZHA 100~200 g, @23 3~5mm DRHYIF X », EAH K 30 p Okt 7> 2 v, FRATR X

DEZ 0p OHEHE 7Y 2 vEHYDIRL, BMEEEEO 3 7 e eBhOFEERAST, ZOERY
BIECHL2EME L VENSECIBIRZLEA LR 378 - aF AT RGN EET AR
FF SN EE X D AT T BB E LTI,

$ 78 b - AKX BRIGBRORN OMMERDTNCER, ¥ EACHNIIE, oML THE
TAEDHNRS DR ER L, A ORI i 5L 5, Z @ slip line X741 X
:h%aﬂm?“é, GIFR - A E OREEC X 5 TREDBE L BUENETHLELORBDT, Eik
FEN 30~150 p DR LTRE 7Y 2 VIEDOWT, GINE L MHEEOMEE 5° 7 10° TR SR
WERBOMEE 2 X5+ 7 v TV L, Z7rA=aATTRELL, ZOHER Sl
Tl slip liné.'mia/ué’iumwi,' WM RIICLE, BT OB S# 8mm, §EAT 5~6 FIETI
BB 50N DB, LinL, F0EIMR ) PIVOT negligible » Uiz, L LEHTH
400 %z B L BENSEZ DR, BEH TIXATEROTMER, BMHNOECEVERET VKT,
HHEADTED < \idd, ErRirbETRT,

b/ FHHCOV TERORIFES, 100~350 4 Kit- BT HEE (B 3mm) & HEERE (@ 14
W) DB BRI kb e, OREFHR A VR CIR I3 100~250 1 G OBREEAIC A7 Batki3 75 <, 350 u
TR &, Ll 100~250 1 OFIFE CUXH BB O TTABREM b R RWINT 5 L 5 Th ooy —
FAERRETE 160 o ARV B S AE <, EDD 300 2 AR X THINT B & BEEOI o Ak F
= DERGIIR & My 10° R T, HHRF OBAFH K 200 4~250 1, Wbt 150 » LUF, AR
HTCiL 160 p BE L EDT,

RMORIE, THbbBENTAOESETE 3EHEVCHITHIL YT, &/ FORHORAR
Ko, WHEHROFYREZAEN 25, 30, 35, 38mm KL THRBE LRSI, ZOHRE, vy
BEEARINL DT, F— b 757 (SEM, 3ERRE) 1L 5543 25~30mm OFELL, >
vyry (GEHERASRE TXF+ v 70OBRT 30~34mm BEL 72,

IRLDEETT, 70 b~ 20HEEKPERHL TR 7 OFEMT, v/ ¥, AFOREAYA (@
1R RfED, TAPAE-FA, 5 10, 20 mm/minDFRITONT, FERHEZRDI, Ok
B, TAIRAE— FORWZ EFREHEASKZ D, AMOOTRADIR T, BEE S vy 7ghk
DIANWDT, FREEITLERSE L T 5mm/min 285 LR LT,

REORECHCEMHCHBECRADIX, Fhdibmm PEicsdd, F+v 2L AEENTEY
¢ EFIRABRTREEC Lb2 Bbh, [EhERLREC T2, BTk 3~5mm, Bi# ik 2~3mm
BE IV, BICFEO R CEAIREM T—F L L, U EOTHEROREEHAROTEILRD X
BICED,
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2. fEEESIRAR
Teble 1 1 FFSHEER 5 BIFE (ERMHE 7 7H) ©oWT, BLIY BT B2ERTAOCER 4~
5mm, $HEFA 42mm ORI, 3, 5, 10EH L ICEH T CERHRA, EZR) 180~240 4,
Bt Tl ERRIC 100~160 ¢ T, AR RGCEMROVA 2 EREL THI L. 203 7 aH B0

ML L7ch s T 4~5mm Th 553,

v = FeLDRAHREDOHI G 5500, KM TEEIAERE 2~

3mm Y HEBZ LI LT, B CRABELXTFHREROBE L D/NEL LD H 50 (#1180 4),
CHIIEREO NS e s Fi YT, L REERLNIVWIORELZ 2L,
Bd CEZ A LIS/ N & S LB B 3 TIRIRN 7, Zhiz X » T Mork's definition % {347
ROBENAMBZ LN TE B,
BRRITHEROBER LY, F2 LT Omm(F+—+2757), 3d4mrm (Fvvev) L, Rl
W (F A~5mm) HEMKTTFRCHEEL C, F+r 7CIBLDDTETEHLAEVI I,

hBDOEBEYIN I HKRE KR WL REMHREOCKER, KEEKE 13.0~15.5%),

A%

v, 18 (32F0¥E), BEA (3hHO¥EH) 2HELL, AF, Tr=Y (—), e /%, thbD

7 TR TIL 14~24°C, RH 60~74%, 7h=Y, #5=Y, 3,

RH 75% T, #— 75 78 X0F v r v THIELT.

o0 7 7 HLERER 20°C,

5 IR BREE ORI E S L
Table 1. f ® # &
Sgecies used for tests
" g om o | me | ook ez | REEEE
pecies Growing place| Ages |Redius of lcg (ecm) ground (m)
A # SUGI p=3 #
Cryptomeria japonica KYOTO 59 19 6~7
v /s % HINOKI =3 53
Chamaecyparis obtusa NAGANO 300 28 I~2
E % M
7 A=y AKAMATSU I B
Normal Pinus densiflora HIROSHIMA 60 14 4
wood
£ 3 MOMI Z
Abies firma unknown 44 14 2~3
# 7<=y KARAMATSU| £ [iig 60 19 23
Larix leptolepis NAGANO
A ¥ SUGI = 0 EEOLR)* 20.0 <1
Cryptomeria japonica KYOTO HEE(SR)*2 11.5 | 45° DEANLH
A * SUGI = 30 E&(R) 4.8 6
" #% Main branch KYOTO R (SR) 3.2 [ X b 1m DAE
7 7
.| 7#=vy AKAMATSU 5] 1 66 EBR(ALR) 17.0 )
Comprezsnon Pinus densiflora OKAYAMA HR(SR) 13.0
WOO
£ 1 MOMI T e T
Abies firma unknown 40 16 unknown
# %<y KARAMATSU| & g 60 E&R(LR) 21.5 2
Larix leptolepis NAGANO #HX(SR) 19.5

*1, *2 (LR), (SR) denote the long radius or the short radius of eccentric log.
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r—Fxi 20kg 7427y — (GEEER1L)
7mA~y VHEE (FEREE) : 5 mm/min

V= — £ —SRRHEER : 500 mm/min
FEEEIAER 10065

FIERMEMEOH

5 RERANCATIE » 72 3 7 v R OFIEMEERC3, BEMO5ERMEISTIERCIc S, L, T
v SR FENMTE R 2 AL, 5IRMEE I B IA S OWIEE R B D, IERERL & LBl T
REOKWHRL, ZOWERHCL - THELL, ZORRERLLOETLT VAR5 REE
ETHBRRERIC X 5 X ) —IC k¥ < EH IR D B BRES OEATRALR),

BEOTROEH

HOIRS LOBROTHRILRREN L £OBERLY, BPMUBL A<V EHCTEEL, Rk
- T, ATBROPIELLL T, RBO—EIHITL, WEERIVETLEOL, BRROBHCHE
DD, SIFCOHEMBAHML Th <, ZORKIEMIBOREHT S\ DY, KER TILYHORED
—EWAEIN I ZHES 5 THEO TR E Ui, Licdd 5T Fig. 17~32 OF & L THHIERD ¢ 3ERN
WE o TRELIEKRE D,

B Table 1w, BB X2RT.

3. (REEOTE L MITEEER

RIBDOFIERRBAGACE TN 2REEORE, B - MHOKy, MESHEOLBER L L IC LK
E%OE&,Wﬁ%tﬁﬁﬁﬁé,H@ﬁﬁ%%{ﬁﬁ%ﬁ%mmﬁ&moﬁ&f*bto

(1) EEDOE :

SERMBI ORI E L L TR & - THO Y, FEELEBHE T CHEL fo. NEE L BREX
ATV AT~ L 51e?, BEOHBBETHKEEREL T, LELLKKETHEL, BoR#Mrt& 5153
WL,

HWAEROBE TIX Scuurz ], TOMDOWEEC X HML 1 DB 525, BREC L - TRIVEDLDWHE
Hdbb, 20K Ladell B, AT - TAFA Y75 LB LML x HBELILWDTHAI L\, L
L, BEEUIR ORI b i@ L -BiFic 7 2 v BIROWDT, AEBRTIX ScHURZ T THE
B HTHEL » LT,

(i) BEEREEORHE

WEFROBMEFEILL v, £FERREICHIET > MIRERERE koo, MHKEE T, TEZE
IR CHED b DI L b H5iF CTIRERER 2k 2 LB b 5%, BERBROGKOLDEES AL 100~
150 g &L 72,

REFRIFEE 7 4 L AT F V=¥ Y ZOrER TR S T8 & AIE#RICHE T ERIC L o7, BET
TXHER ECREROERY B o7 b, HREGORU D x 5 X, MERKOTEEOMEN L hREVE
B, MHEAZND OB, SHLORMEET > A2 S5, —HEEOKE T LA IKED
ZOFERFRBIOME O ERE L YO L 5 KBERT 52 IRETHHD T, KERTIIRY, 7H~
PEDOWTHIROWHEE T, KEO—BEZIDOT, /%, HIF<TY, % IIEIFELI -
s N
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4. 74 7VILEADAE
#BikT5 X LD I e/ fHAL OMEXTANS®, 22— FERCT S, DAY RDL, 2 F
FEEIC L BOIE BalLey? RFEHLYIC LD Cl, #ARFWAHEL, ScHURZ IFIT X B/ KO DFEED
H%,

7 4 7YV VAHFOERIVHWETHRVWBIRTH 200, EHOFEWMY 7=V 1L T, w1 e - RA%EHH
LR LY, ZOECHERELDIT - FOFEALRDL LI DH, e — AEDEES 7 1 7
YAFIIEI 2707 4 TVARFLTEATHETHE, chxd - T7 4 7YV A EAYHEL TIWT

A,
Cl, ¥, ScuHUrz BETRHY V=V Lichea—F . 2— F» ) OKGBKE VEGELD BB, WLk
B X - TERBHEET 5O TCROFER L s, ERK 25 (BH), 152 @) OFRE % i3k
Btz vk Cl, #AhiciI0HHEBL, 5% 7vE=7KTY S=vEERELDSB, “hix2~3
B DL, KE#S% O = — FEHE(LREER CLABEL T, = - FEREBRELDI, fER O =2 ~
F-a—-FrI0®TI2X9d, MWELREVBEE T D, ERETRIENTE 5,
5 X BICLZItILEBADARE
FERDOT7 — 7 X FIAL 2§ eV HADWER, BERSLORA LD, FERTIINLER Y T4
BOREEFIAL -, EEOME O TIIAMIC OWTORZA DT, FBBBET O TRIE

ZIEDD TR & B L Rl T 2,

(1) FEREIC L 55E 0K

FERTHC L BHE, AMEed CHEREHE T (002) 07 - 7% AWTW5, ZO7 — 7ILKR
ThHD, EROES IR KEWFIACK 5,

AR L, (002) 7 - 7 OFHRIOSMERL D, IO D 1/2 O}fiiE (FBERET

@) wRD, WAEECHTHPAE I # TRI v EHLA,

= (9—0g0“’/ 2) x 100

IR X B e FETEPTHhOBTHI, 7wV ADHTHOLRMEC b, ERNRI
BT500FEHNTLS,

Sisson® (ZEEHEENT T A EEE S OHEAIA L TOMERORIL 7 1L A BT, FRERLEX VERE
EXTAAEELT TR TELR AL WA IENDL, 7 VAN L EN I HMENHEKE L THD
NEENTMBOBRAY TN, 244ist single peak D4 L double peak DIFEHITOWTREIL 72,
SissoN DERITBENFITIE, 7w fEskE W 15°), FONMEIEEWE, FLVvADE- 7L
ENFDFRD—FT HH, 7evANICDLE, BECL, TREE - 72 Thand, 25H0K
— 7 DHEETL L, THEHDF v AL TERWZ LML D, ¥, 7EVAIVNIL (BI10°LUT) 24
Hfihs single peak 27 BBE, XD FeVvADHTEILTMAL kS,

AMOXBEEE WD L, FREREOBIORTH LEMLELHEYEbLEs0b5 525, PHT
RUDOFEL WD b5 505", FRIREE L COTHEYAL20RERIES, Lol T xr
{EACONTEEMCHET L /e PresToN® 3, X BIETILE— 7D 0% S% BB DL L, AE
D MeyLan®, Cave'® OHRBRHESELCTFHEE, T 5,
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AAHIEE T, —BRTIEHFMR L 9 back ground %251\ T, FflilEL KD, £ 1/2 2FHD
T e AL T A, ERDREMEORL DT ~ 7 OKEE RRALAD 1/2 L i EAD s e HAL
LA, Zhid s e VBAORIER: L TR ILENTE TS 5,

HerRMANS (T2 & IXRIC 0 v — AFE#ECDOWT, (101), (101) oEEmAFIFALL, VWb 3
sin?8 PEa#E o, FHRP SR L EMREEY KL Tk Y, TTRERMEBLISELONA TS, L
DHLAMOBE, ZOREOSMEBBIVNE DD, SERORFICARINRL R,

Bk MEYLAN D% % Hix, RO €~ 7ExRF\50% B, Fioi 40 BT, HHlROEA
PUEHIC L 57D, double peak WKigBE, FOBMANRECIK D, THOHRL L TE- 7{EXHW
F, SISO MO A T back ground DIDZTEORDFHD 1/2 %D 3 €
FLLt, hIC X o TRkDe I A fifgl 0% BEOBEY a2 — FiEgfhkic X » T i - BikL, 40%
BT 200 PLETCLEWEEE L HZDORHL, PROFETIILh ek bZ L &RLI,

LaLE, Mevian B4 E3E» 5 L 51 (002) OFEHRTFHEAV5L, FHD s e @AdRkD 5%
TR OHDOREXE L 1 HE 4 DEMIESE 5,

SHIEKR L CRERIC R L T 0 lilds BHEEHIA iR 7e T L &, FHRTHICE - IOBESfir 2<%
DF FWEROBRAOH Tk 52 505, FERNCIFRETE L » LR EETiLdh 5% Diatrope DB,
b, ThIRX 5 TEHD I A fAYERL-AVERBTH S,

(i) THARFBCLS i v
Ng ) AR
n\ﬁf\j v XYY TEBTF L 0 WONT,
/

M

/
/

SEHD 3 e BROKDHTD

6 WTIRR D X 5 BB TE
) /(3) 5. o0

Fig. 1 (3(7iBED 1/8 )t %

KEFH@ LY Bicd DT, 32

0 X 0 6 = o, 0X, OY, 0Z (= D

=) 2 ERTGREC BRI T
(1) WmEH, (2) R&§M, (3) frEx, (4) FEl, a: 7

wvfs, B:b BLBTEOBROLTMA, OY: M, 0: 73  ERELCHD) OISO
v 7 f *hThsb, WEFLORLD
- Fig 1 XBROTFURHE 7+ RO TN TOBAE & & &

The interference condition of X-ray and spiral angle. i N
(1) net plane band, (2) reflection circle, (3) Lagenkugel, », OY HirkfifEsh » &b ¥
(4) interference arc, «: spiral angle, f: angle between & axis and B, Tk ZEEREEOHE, K
perpendicular line of lattice plane, OY: axis of symmetry, @ WY OY K Bh, -t

¥ 0O E~FABH T &
W, LEAi, T b dilid OY BAD ¥ b W CHHT 50T, MEDKRTAY a L35, ZOHMKDL LK
FE (k) ~OWEELOBL (Ticbhd, 0) HHLOEME b Ok TA% B &L, o BCHL THE
B &L OEMIMEERELYIS AT, a & f OXRPERC L » TH4DRE SO@EHETHRT 2 (B
PR R CEHEIRO R o '

d+B

BraGG’s angle.
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20 H1, Frebbii<- VR0 0 SCTTHEH LD Z L OASM X B - T, FRSAER
HAVRBEH L X5 ¥, REFEELHRETEND, 0 1B ROEHC7 s L 2% BELkbiE, £0.
EFRERG MN »Hbhb, Z AX v @EE LD MN ¥ RATAY ETRER ¢, o, L3THIE, BRE
K YMZ, YNZ {Z2\T Bracc 4 0 » ORI TORIEY 5. |

cos o, = cos(a— ) /cos @
cosw,=cos(a+f)/cosd

HWEH L Zb A RFANGEET D84, o, 8, 0 OXNIBRICL ,T7~27 MN 3f0 O RL
TEADAEMBEELI D, \WE B 20D X 57 (hkl) X b6 BhE BHICZH DM, ThICTFF
BTFgrETS, BRI =0 & ¥5L

coso; :cosa/c050 ...........................  eseccscsrensssadosane ( 2 )
KL oi=e1=0, ThBMID, 741 s HI1IDODHERK DD, EBLT VA a EHKRHBD
T, a OHMDID Fig. 1 & FUMEEY (OCEREOAEYR «, atda LT5) HiELbN, HATN
CREHOTL B, @A da OROEHTEEOBE X HE CEW TN, BHECT 5 o #oosT
PEESHMEE L THirh b, da FEET S HHFEOKRD L AN FED s e ffifir bbb

ER
a X atda CHEETD b BORKE AN, BEY da LTHhEW
AN=27 SIN @+ AQ+Ar-eevvveerreareneremnoereierneieennennsnnens (3)
dn ITHRE T ChBFITAZ LD
AN/Aaoc SIN @+ Joeseenrnsennnnmurernsmmssmsssseemeesinssesasens (4)

¥ AN/da %842 Z T, dN[da=D ¥ da TR\ T b EhE OSSR OK, DEbh I evADYH
AR L% 5,

a>0 DL ¥, PEFCHL TRHARZHL ) TEPREZDT, £ED o ¥ ¢ & THUTHHROBK
cosf-cosp;=cosa (ZTC a MBEHEHOEED 7 €V H) MRILTIhH, Zhic o & 0 RRAL
T a &3k

D=SIN @] +eeeeeeeeetcceersisrescesessasescnssssssscasassas (5)

Iy D H#HHL, D ODRAERCKITS a #RDTEED 1 e HAL THIE IV,

CITERTNEX 0 THLT a VNI W L3AMTREZ DD THLEDT, ZOBAIIIFEHEHE
CRHEPIRLLIEWLTFEEE LV, REZEFELDBIDIIL Z0 fr O #FLICL THED
KB X 0 - CTFRC 0 B EET U L (Fig. 1 218), cOEEI YZ »#E LML 90°—0 & 7o
b, REZABOARLD ¢ & a ORI

=cosa—cos® (0—-6) ..
coOsp;="——— ©90—6) (6)

EXEDH
_ COSA=1— (L—C0S(;) COS2 B ++rerverererseresmsemaseresssesenesenes (7)
ERIY ¢ 0 ZRALT a ®#RD, HHO D L a ORRIMBLHE, FORKAMELIFHOD  «
MEADRD LI D, REOERFIRC OV TR EEHRT 5,
(i) %= B &
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XRAE LS TURARXREEC X -7, BERIFIERRB LGS 5D, B CEEHMA)
X 100~240 p (B« B #1) DHEHET, 78 b— Al X o> TEEL:, HRABEILEIERBOEETS
%, BMIZETROEBRIC L 5 T 100~160 ¢ DELFFE TS 250, [EFHEILMES S ORI HEIT 52
b, BH X0 EOGERES MR 5,

XBRDOBITTE & #A H — 5B ERCLN, =4 2 — 2 —ZEERKEx & Do, X0
EEYHEL THH, REEE VO, Lr3DbEKEY 20=34.8°, RKetas Brace R FH
HMI¥Tey L, XBEZRHLALNS, Ry —20~50° T » CRERCEEL b, EiEALH
b o TR ETHN TR, ZoFIRCL - (B ERMHRCH (A%, B B 280 *
Fig. 2 @i, WERHIRFCRIN B, FHROMEHIL Cu, Ni 7 4 12— 2T K, BHA
Hahs, 2WELELTEEE BLV, BBIK 6mA —FL L,

¥7 Fig. 2 KRS DR ¢ X+ 5 EHHE [ ke (Fig. 2 OFHEF 100 cps, 1 %k
%43 beck ground OFERT5), ¢, & 0 % (1) RELL Q) RERALT a Hkd7eDnH, (5)
RIET D 23T 5, KIS @ & D OBURMBRIE D, D ORAMCHET 5 a 2KDT A Ef

I e [ S B T e
i P SR RN 5 S 1 [ 1 T S B
T - 1 7 I )

Specimen Sues T 1
Target Cu K
Filter Ni )
=] Voltage 35  KvP
Current /! 6 mA
Count Full Scale | 00 db
—~1]_Scale Factor
Multiplier
Time Constant 125 s |5
P27 Scanning Speed ~Jmin.
Chart Speed P
Di 0.1
1| Receiving Sht 02  mml|-
Angular Velocily 11.8 %in
: 1 |
- T
=T H
T . ]
1 T
T T
T I A IS IR Rt S
i T i
T T I
J—= T
Jom T
T T
T : t
JN EOUUS N -
S : =
— .';%—Wtaa{
T 1 ]
o m
A a—
S+ = == -
+ T
I= "
i
; 1
]
1
T 1 T :
— |
T 1
) T

s i

4 ¥ T

- 11 1 H

13 L1 " : T

M= 1 : i b o — -

i i 1 i Tl T - i
e h — : * = T < 1
- 40 30 20 01 1 —50 40 —130- —_") O

Diffrection pattern of (040) lattice plane of early wood (formed at late time) and late wood of

Fig. 2 AF¥ORM (BRHIYK) & Wt o (040) s SE DM iR

Crypicmeria japonica.
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DEFEL T 5, Fig. 3~10 3A¥, 7h<Y, ThHO77HD a & D OFFETT,

o0 #REER

1. TbEILEAE7 4 TVILERA

1-5 CRABLAHECL T D & o OBRIMKR Fig. 3~10) 2822, B~ « 7 Y LA
() ERFT 20D a, LU, RRLEHBILIZOE E 3 A FAOHFtIEERT, HROE— 71
PO T e i s Db, : ,

EWHHTEAF, 7H~2 e, b EloE gt LioLi OIEC a, 3hSk52, 77HT
1% E1-C (Efi7 7 OGEE R ST § 7 R ETRT) OIRCHT a, 2398MT %, €~ 270 1/2 Off
LD a, OEAE (BE) kkobbe, EEHCEEHIBMCESTAENOT, L ERONT
BHEDENC L EBObT, 77HTE, Fig. 7~10 A5 X 5 CEH X 7 7 HH0 HMiEs K x|
BAbH B, TIHRAOTHEO : L HD K&\ LIC £ DAFAR & &3« DR E 2 b
%, REEHT 7L TP BETILBENTRED S 0N LIELIERVWEIR S, £Ro Cl, C2--- 1%
77 DFIRE D ERCRALK, BEROHI200 2 OREO LHICTE R, CORMCEENRDT THM
RTbZOBENE 4 THZH D, HHHBREELLTWHEIELbRB, BT 50 1 20RKOF
TT PR G UHE 1 RFBE RS, 75w 84H (Fig. 9) T 1 2716-80% LHKLTH
HfiEbbT, 2248 (Fig. 10) Tk 7=0 THEHE 7 7HIFOBET 5 & & 25 ORK E3 04T,
T=T2% D Cl O4HfiL kR DI, AF0FH Fig. ) T, 7 21, 21% TLHMOEL
«Cl, C2 TXL T, r=93% © C3 IHfirie < icnhd, BENTRIADELED 1 SOBECLS
», C3DFHD 1 e Cl- C2 X hE 5T B, SEDT 7 <Y Of), A% 504EH (Fig.
) DHIX D 1 ICEL L 5 TOHTIELL,  HFMRLENHEEET 50 b, BHOML 770
MRDBAE L X E X, RIRO 7 7 M0 HE S MR O TR X 5 7o, 7 AVREL,
BB 0 ORKOMATTL, TTRHMET 7ORREHAL, a, bAEINMIRL DL HE2T
ARYTHS 5 (Fig. 34, 35, 42 © Ei:Ci 2).,

e MEREFEROTW L 0RO DOV EREHTH S & LT TRIEML A, T = — Pk
& DX E AT, /

Photo. 1~7 IXAMRBIEIICOWTD 7 £ 7 Y LORFIREE T, T T L W L THAHH
BTV, AEROFHEC L 5 L ERHCSROHANTE 5,

Photo. 1 DA% S84 (M) OHITE, (1) ORH (Will: REMOMPCHR S WIE) O 7 4
TINMER o, 13, KEVEIAT 15° BE, AADOAZTE 10° T 5, REEHZEMETE
Vb, EOBEETEEADEEBCE S THE L2 — FEROBEAIRSD L IS RLs0T
BEORRIC B, @ XICAATERE L RBEO R R CHA Shtude bisv, LaL, T
DIGEETHHCIE 6) DL 5T a, ANSWE 025D, WEDMEFLHEEDFEEN BRI,
2 e AEAUERM OB AL 200 L FHUE, o ORBOEE Y 20p FIsE THUE, Db 10
D7 2 VIEDWTHIEL TEERRD BLEN DD, STk 30 BELIRBEIEN OB
DOFHHRDDH LI E ¥dte, © EEHPHIT e, i34 15°, @ 3EZOBAE (Hk) OMiiac5~
10° 2N B,
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Distribution (D) of a,, of early wood (E) and compression wood (C) within No. 30
anrual ring of SUGI compression wood.
Note (1) 77# (C) 23 1% O7 FHEExEL T 7 v R, 1123 7 e RFFOLM
iS5 7 T AROL -
Compression wood (C) denotes micro-specimen containning y percentage of
compression wood tracheids to all tracheids.
Note (2) F1-E2C1—C2—C3: 30 £l N DR E DO #ERE Growth increment within No. 30
annual ring. Fig. 42 2R Reference to Fig. 42.
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B €, 774 O Dix
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Distribution (D) of a,, of early wood:
(E) and compression wood (C) withim
No. 8 annual ring of AKAMATSU
compression wood.

Note E1-E2—C1—-C2—C3: 8 i
P DOREDHF Growth increment
within No. 8 annual ring. Fig. 34 &
f® Reference to Fig. 34.

Fig. 10 7 # = (7 7#) 22 FE/KN
DR E), 77# (C) 0
LA (2,) OHF (D)

Distribution (D) of a,, of early wood
(E) and compression wood (C) within:
No. 22 annual ring of AKAMATSU
compression wood.

Note. E1—-E2—-E3-C1-C2:22 4.
WHNORE O H# %,
within No. 22 annual ring. Fig. 35 &
f8 Reference to Fig. 35.
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CHIRFACMEDREEDEMIEY AN D TH S, () IkZ
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(a)
B (9I0) BEREE, S8
Early wood (early time),
tang. wall.
No. 58 annu. ring.

—101 —

© (d)

6 () BRI, 5845 M (R BeRIE, S8 lﬁﬁ(ﬂiﬁ)ﬁ‘ﬁﬂﬁ, 584G
Early wood(early time), Early wocd (middle Late wood, tang. wall.

time), tang. wall. No. 53 annu. ring.

No. 58 annu. ring.

tang. wall.
No. 58 annu. ring.

Phcto. 1. RFZRED 7 4 7V L DEF

Phctomicr:graph of fibrillar arrangement of secondary wall of Cryptomeria japonica. (x620)

(a)
B4 G F R, 4R
Early wood(early time),
rad. wall.
No. 4 annu. ring.

(b) () (d)

Bt (R EEEE, 216K
HREILOH T

Early wood
time), rad. wall.

No. 21 annu. ring, near
bordered pit.

B (R, 3144
(b) AU EDREE

Early wood(early time),

tang. wall.

No. 31 annu: ring, tra-
cheid of same part to (b).

W T2, 31FR

Early wood(early time),
rad. wall.
No. 31 annu. ring.

(middle

Photo. 2. AFRED 7 4 7 Y A DELF

Photomicrograph of fibrillar arrungement of secondary wall of Cryptomeria japonica. (% 650)
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(a) (b) (c) (d)
BRI FRIE, TIER B (O BRI, 7144 BH () BRI, T14E6R Beb BRI, 1158
Early wood(early time), (a) &R UBOGEE (b) D {EEE DRI Late wood, tang. wall.
rad. wall. Early wood(early time), Early wood(early time), No. 71 annu. ring.
No. 71 annu. ring. tang. wall. tang. wall.
No. 71 annu. ring, tra- No. 7! annu. ring, near
cheid ot same part to (a). the end ot (b) tracheid.

Photo. 3. e /*KRIKD 7 4+ 7V A DK
Photomicrograph of fibrillar arrangement of secondary wall of Chamaecyparis obtusa. (% 650)

(a) (b) (c) (d)
25 I ERE, SER B () EREE, 204K BH (BRI BRE, 176K B BRI, 1ER
Early wood(early time), Early wood(early time), Early wood (late time), Late wcod,
tang. wall. tang, wall. tang. wall. tang. wall.
Ne. 5 annu. ring. No. 20 annu. ring. No. 17 annu. ring. No. 17 annu. ring.

‘Photo. 4. # 7=V ZKBED7 1+ 7 ) L DOFF
Photomicrograph of fibrillar arrangement of secondary wall of Larix leptolepis. (% 650)
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(a)
B (PID BERIR, 2068
Early wood(early time),
tang. wall.
No. 20 annu. ring.

(a)
i (i BRE, 26650
Early wood(early time),
tang. wall.
No. 26 annu. ring.

(b) (c)

B ()RR, 20488 B () BREE, 20548
(a) tACHBORYUE Early wood(early time),
Early wood(early time), tang. wall.

tang. wall. No. 20 annu. ring.

No. 20 annu. ring,
tracheid of same part

to (a).

Photo. 5. & 1 ZRED 7 4+ 7V L DEF
Photomicrograph of fibrillar arrangement of secondary wall of Abies firma. (X 650)

Photo. 6.

(b}
7 7 M REE AR, 26658

Compression wood tra-

&A) —103—

(d)
B (R BRI, 206
Early wond  (middle
time), tang. wall.
No. 20 annu. ring.

(c)

7 7R REERRE, 26558

Compression wood tra-

cheid, tang. wall. cheid, tang. wall.

No. 26 annu. ring.

EITTHOZKIED 7 1+ 7Y L DELF

No. 26 annu. ring.

Photomicrograph of fibrillar arrangement of secondary wall of compression wood of Abies firma.

(% 650)



— 104 —

HERBRGUIEHRE H2125

1 . N

d L
(a) (b) (c)
BH (ol BB, 554 iR B (D BERIE, 556 4R Bt HEMREE, 554 iR
Early wood (early time) Early woed (middle Late wood,

tang. wall.

time), tang. wall.

tang. wall.
No. 55 annu. ring.

No. 55 annu. ring. No. 55 annu. ring.

Photo. 7. 7Hh=vDZKIED 7 4+ 7V LDEF
Photomicrograph of fibrillar arrangement of secondary wall of Pinus densifiora. (X 650)

AT, WL 14~15°, BEFXFEEOTHTIE 15° 5540 11~12° 2150h b, WECHEMALZE
AERUPEE LT AP, IHI (9 X b) OFRHTHEWE ZAHDHEAXLLHL, a, 1§ 107
ThH1L, 1ODFEETLHMBROMBI L - THEAXRIC TS0 bh 5, XRETROLRI S
EAMEALINGTNTEESL, AR L TELOND, @ 6 © XEHBPOZTRTEHEL, @
B OBRIETH B, @, IRHENCIE L A AL 5 LEDLN B,

Photo. 4 13 5 =Y DHHTT, () t:l:5¢$ﬁ@$ﬁ?7]ﬁﬁ’é a, 13 20° RkEFVOERFL, G) 1% 20
ER{TH 13~15° TH 5D, S, BEAEMCETL TW5, » 7 < Y BHREHOSDOTYH a, DXEL
DHENEZN (©, @ XM T a, 135 7~8 Labhb,

Photo. 5 X% s OFIT, () b XEMIBICIT DEMRIE L LREOBE T, REIOMEEIIIRD &
KHTHD, o, (X 13° & 20° e md, © EFEHw, @ XhT, o X hTh 13~15° & &
bhb, BRETCIIDX S CRIIPEVEEL LS,

Photo. 6 (%€ 3 D7 THOBIET T, () XEHYPWIOFEE T, ZOBMEOHETE, 77O
FRE R L7\ AY, COMART TR 18 &R, 0 X7 7AETL TV BRIV E ek s v .
VT, AL 25~30° ThH Y, ZOMECIIIKECHMREYARD LS D, (©) DL 5BEHTH 23~
25° L REWHEAERL T3,

Photo. 7 117 # = Y DBIRFT, BRILC I BRY) V=V, i r— ADHEOR, BECE (EE
FRRER) T X o TEHMAMEET 2, 70 < VIUEFHESEC-X 5 Th Y, FEROWTEL LIELIE
R fE> 20 5, .

BEDXS 7 4 7V MEATD, HEEFMICE - Ok, BYURERTLE, #F  ERFECOWT
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Eary wood Late wssd
30 O lang watl A Targ. well
® rad.wall A rad. watd ° 4 0% o
L 09 *%ee
o (Y
Fig. 11. A¥ 4 FHHNOFHOD : wa 208
, o /e
B (a,) &EEMSICLEROFEDT
1 7Y AR (a) DORIR ) B
Relationship between mean angle of micellar o
'y
orientation (a,,) and mean fibrillar angle of U . 4
tangential or radial cell wall (a,) within K
No. 4 annual ring of SUGI.
Note tang. wall: E#[K Tangential cell
wall 0 : 70 L 5T = 3'0
rad. wall: Y[  Radial cell wall Xe
4 Eary wood Late wssd
( O tang wall A Tang wall ° o
® 22d.witl A rad.wall
/2 [} .
) .
/ e/ 0
[of
o8 'o: o
sl °° A . Fig. 12. A F3LER/HN DL
Am Ny 7> D 3 e HA (2,) LERES X
L am t CEEBOTHO 7 1 7 ) MER
(ay) DB
4r Relationship  between mean.
angle of micellar orientation (a,,)
2r and mean fibrillar angle of tan-
gential or radial cell wall (aj)
1 1 1 B - 1 1 1 1 .
(4 2 4 6 8 /0 12 e /6 within No. 31 annual ring of
% SUGL.
77 C o X )
/5T ¢ e o 2
C (o (0){. )y )
Fig. 13. AFS5EMHNDOFEHD 3 w1 {H /3+
. oc >
f (@) AR JOEEBEOFIZO 7 4 ¢
7YV NMER (2)) L EDTAOBI Om 1] .

Relationship between mean angle of micel- (%) e a e oa:ym:,’:,fu ALa;:;’: e
lar orientation (a,,) and mean fibrillar angle 7r < (a) - o wad.wall A 2ad. wall
(a;) and its distribution of tangential or ¢ e
radial cell wall within No. 55 annual ring of 77
SUGI. -
Note: () RREDEBHORELRT, s 7 7 B3 /s /7 I8 47

Parentheses denotes the distribution of a,.

Ay ()
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/4T C oc)e ,
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)
ér Eary wosd Lale wosd
O Zang wall A Zang. wall
738 o nad.wall A rad, wed
2 -
o P 7 R 3 0 72 /Zz 76 78 20 22
Xf C°)
Fig. 14. 7 % = V4SERPIDFHD 3 v L HH(am)
& BRI JOCEEIRDOHD 7 1 7Y LR (a) &
> . ZORT
Relationship between mean angle of micellar orienta-
% /0° tion (a,,) and mean fibrillar angle (a,) and it’s distri-
20k bution of tangential or radial cell wall within No. 45
o o annual ring of AKAMATSU.
on | ® g0 Note: () BHIEMHEDEBORFL T,
© o Parentheses denotes the distribution of a,.
/o1
O 1 1 1 1 1 1
/0 0
¢ () 20 3
Fig. 16. 7 2~ v (7 7)) 22 fEffHH DF
BO 3 el (2,) LEREDCT 47V )
A (o)) DBIR o °
Relationship between mean angle of micel- 3er o -
lar orientation (a,,) and mean fibrillar angle .32 % °
of tangential cell wall (a;) within No. 22 I
[}
annual ring of AKAMATSU compression 28l °
wood. o o
o ¥ i
Fig. 16. A ¥ (7 7#f) 30FE#HHDFHD o
S i (@) EEREDT 17 ) LS 20
(ay) DBGLR
Relationship between mean angle of micel- l6f
lar orientation («,,) and mean fibrillar angle /
of tangential cell wall (a,) within No. 30 2 76 2'0 2’4 2:? 33
annual ring -of SUGI compression wood. Xt (* :
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FEHLTPHE, A HADERAHCLUCBEOLOEBONE Z LAFHEIND, TTRATERL L
S5EAEDHBEIEETHLLELLNBEDT, KK a, & a, ODPFFRYERERTHLbLLE,

Fig. 11~16 O x 7@ 3 v, =2 a8z 7 4 7Y AEAT, O, AHIEREDOFY, @, A
REEETOTEE S bb T, ¥ Fig. 13 0x¥, Fig. 14 O7 » <Y TREHLELRT, FED
Bkl 2 B MR A b e TRUAREILL 1o, SEICHK b S ERER 45° TH o5, =OEE
LY DOPThEREVCOXTUERE (2, o) OEIFKREVWZEETRT, J

Table 2. v /% (T04&) OZKEDOFE7 + 7V A EAL KEFLE
Mean fibrillar angle of secondary wall within No. 70 annual ring of HINOKI
and dimensions of tracheid

S ) ] L ]
Width of eary wood (%) Width of late woed (%)
0~25 | 25~50 | 50~75 | 75~100 0~65 80~100-
S, 17.4 15.8 13.6 11.5 9.6 8.2
Tangential cell S, 60 63 65 64 70 72
wall (%)
. S,+S, 77 78 78 75 79 80
& S, 20.7 17.3 15.2 13.4 9.2 6.6
Radial cell S, 67 67 68 70 73 80
wall (%) S,+8S, 87 84 83 83 82 86
LRI R/TH 0.99 1.23 1.22 1.01 0.70 0.42
ERBEE (0
I etk 2.5 2.5 2.8 2.8 3.5 4.6

*1. R/T: Radial diameter / Tangential diameter.
*#2. Tangential cell wall thickness.
Note 4E#giE Width of this annual ring: 1.05mm

Table 3. =% (254 OTKKEOTIG7 4 7 ) LB FEEE
Mean fibrillar angle of secondary wall within No. 25 annual ring
of SUGI and dimensions of tracheid

2 ) -] LA -]
Width of early wood (%) Width of late wood (%)
0~25 | 25~50 | 50~75 | 75~100 0~70 80~100
S, 14.2 13.6 12.2 11.0 10. 4 8
Tangential cell S, 74 77 74 73 75 81
wall () S,+S, 88 90 86 84 85 89
% o S, 19.3 18.7 14.4 13.2 9.0 6.7
Radial cell S, 72 72 72 75 80 87
wall (%) S,+8S, 91 90 86 88 89 93
RB/EBRE R/TH 1.19 1.48 1.42 1.19 0.75 0.36
= E (1)
Cell wall thickness*? 1.8 2.2 2.3 2.5 3.1 4.8

*], R/T: Radial diameter / Tangential diameter.
*2. Tangential cell wall thickness.
Note £FE#4fE Width of this annual ring: 4.4 mm.
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18F
A ° Fig. 17. v, % BI0E0RA, 5 — 8 HOBbC
¢ wul ©°-E e o0 T 57 el ORI ADFIERBE (o), Yv 7
E0 Kt ) . £ (B), GEEDOLERE (R), BEKE (4), xL
oty 1OF . 0 s (a,), KOROF S (), BHOTH () OF
8 o ® o 0 ® ; o ft
6 0 0 © Variations of tensile strength (¢), Young’s modulus
ni (E), radial diameter (R), percentage of cell wall area
10— o n 5 (A) and mean angle (a,) of micellar orientation,
st o-A 4 strain at proportional limit (¢,) and ultimate (break-
A 6F 5 R ing) strain (e,) of micro-specimen across growth
wow) 4 ; ; : : : ; ; LI zmou) increment from early wood to late wood within No.
2t * 10 annual ring of HINOKI.
oL 0 Note (1) -EW-: Bt 3 7 e B F D27~ F Group of
20r o o o early wood micro-specimen.
B ° %o o LW: MORK DEH%MET 2RMRKEEREL $ 7 =R
©y ok o F~ Late wood micro-specimen, containing late wood
sL tracheids of MORK’s definition.
. ®-¢Ep LW: BEEOEH L FEE X Vs 3 7 nRRrD s
2F ® e e e ® o o-te N—7 Group of late wood micro-specimen, represent-
L o ing considerable increment of cell wall-thickness.
(T.2): BFER CLEERREROAH) Transitional zone,
w1 _ showing a sharp decrease of radial diameter.

‘ L 0 ° Note (2) BBMOBTFIIE S 7 RHOER (KEFHH)
L 0 00002 0°0°F° %73, Each number of the axis of abscisses denotes
| the thickness (radial direction) of each micro-specimen.

07#%ﬁ$ﬁ7?#ﬂ?#%7# Note(3) LIFOHT an ORIHICT 47 Y MER(ay)
(x104) %5 BT LHB Do ar used in other figures denotes mean
EW (12) L__W

fibrillar angle.

HRTHBER L L OILEME EAZKE) 2 XEENRE , PEE L Y EREOBAI/NI L2
&, 45° OEBTIERAMONTEHL D Y LT WHAET T, BHE @ADL 2H) TETr<v,
#7=Y THRELEVWED LB 5D, MOBE CREREOREMIVNEL LD, e ¥, =31 TIIM
TP Db RN, AFBEH CEMEOEXRGAELEWEILS D, FCTHRICIT
T2 DERELEL T,

S, & S BRIFEHELYC L » TROBATE D, MEMNBOFILZELA Y 90° & IR T5, &Kl
FETIL Table 2, 3 WRTHRICR B, FLRBFLDIEFHILOET L 0 L EE L ERIED 3 21 DOEF)
HHNTN D,

2. B -mHMoRsy

HE3R 5 BIREIC OV TRBUAER & BB (IR 3o 2R3, RADOHINL = =13 15 EixiER
Liz) X b 1~243D, typical RERHEEA TR - BHEXH L c0d’ Fig. 17~32 Th 5,

RN X D BENFERN TORN L W ~OHEB 2 b bbT, HillHRIZ B D RO5ERBIN
ERIEL, BBROPFIERMOBEL EEAM, ) ¥5bbT, MMCEET 3L, BV Sk
2 OXHHEMOMIaDE & U THEBIBEDOELATEMETIE LK Ebb t2ibsh b, Bk



hannd ]

STEERIM OB JOHENTE & Ml OBIRIC DWW T (K) —109—

26p .
24¢
22
201
[on
18 «-0
107 kg n2) o-E e ©
£ 16F
(10° kem') 14} °
12}
.
|0-. o ® i ) °
8t PP ® o ©
el © © o o o °
10
B ez 7T
8f o0—-A 4
A 6-..""‘... ols R
(x10%) S (x104)
X A'ooooOooooo..Zx
2r 1
oL 0
20
0 <
15050511505 171512121212
(x104)
~E.W (TZ)LW
Fig. 18. © / +354FHRN (Fb—BH) @
B HHEY: L i EOE(L

Variations of strength properties and cell
structures across growth within No. 35 annual
ring of HINOKI.
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Fig. 19. v /% 200 €N (SH—EH) ©
BT HHEN & MiarEoRE
Variations of strength properties and cell struc-

tures across growth within No. 200 annual ring

of HINOKI.

ALTCTCEBIEIE - DO BHLDTHD, B -BHORSEHALICTH LI ST, R

DR ORISR L HTER S DI THZ LM TE 5,

SHEEROERBEEIC OV TR, ok LR AR L, BRMEHEL KETOTE, MEERR:
DR <L KMBBRL 7, ARBD X 51T 100~240 4 DEZFH T HTH ORIGEH OHZNT, B+
BRSO B Z LI L TROUB TR D IR - oo M OTBRITERCIIEY A1 Y, BER, BN, SHE
ZHOMEMERIC X » THEISh 52, BHETERE X D HRL HiEMaOLEEs hReT, HRR
DOREAZEL b, WG X D b BEECE(tsh 0, BIBICIIBMRE L » DRBETEETES

ZEDMETH BN D, BHTEROKHKE LT
1. ERFEPNELIeBT L
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Fig. 20. 7~ 34FiRA (BH-WH) kit 2HENE & filakE Ok L
Variations of strength properties and cell structures across growth within No. 3
annual ring of AKAMATSU.
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THZYOBRE, FHED () 0 AT, FREACECHEMTD © ZHRLEVWHELSH D,
rxiE, 34k (Fig. 20) O%iud, Mork’s definition (PIIEER) /(BRI 2 2 U ETH B2 D () %
W Xigw s, BEEOFHEML AL B) K &S\t e Ui, 2246 (Fig. 21), 43445 (Fig.
22) TRERFCET MM () 2WRTHY, 7 e RBEOSR TR 1/3 B OEE ThhuT
Mork Offiike L7c, Fig. 21 kABN 3 X 5 IFEROZBML 1oh L IFRF & TRLD D Iov, $E
BROZRWEFEL TEEBERIIAE /e b, R 70~80% KET 2,

t/¥fu@)%ﬁﬂ?%%@miﬁﬁﬂﬁv&ﬁO%HﬁﬁﬁﬂmBhboL#LZ%??K&&L
THERBIERRATAESCTH ETET &L D00 (Fig. 17~19), BHEHCRHRITELD Dinh
S EERE G EFEET S, ¥BR (T.Z. : Transitional zone) DIFELRADLTV, Wit OIRHEHEE
DMUBEZ R TNIVDIRRRL RSO RBEADOHFIIE, EREBEONZIH DL REVCOHELE
LT, Pl td 70~85% L FHH® b BERR OB ORERER % FIIT X » TEBE L DD T
BB, £%, Th=yr SBEERERS 509 EHETILLEEROBMANEL B (X IXBHR)
EAD, S

% 3 (Fig. 23~26) Tk & 7 FCHNTERBROWRITINIRC 7B, FREOABIC X 5B
Y1) ThY, FRASESWCILIEERI BT o0 e /¥ L ELT 5, ROMERLe 7+
CHNTENDT, MORK DIIRIZE DRENH LT By

#n 7= (Fig.271~29) 37 » = (3EMTHR ) LRAUBARI R, EEEORNIT 7~
PIHANTRERC I %, MBI LN TROGBHIRT Mork O fEIRD A E <, MEERITRIH T
80% ¥R B, #T<Y, Th< OEBHCREHEOLEEORIIAF <, RIFROKF
& 25 TRIEER R B e xR T,

A¥ (Fig. 30~32) OBE, BITIRNILBEMURT, ha@F tdERRIEILTPL, il
BB TR O © ZEicTHERS DR, BHRIVNE,

3. FRADHMEAFOLFIEVFHEWBVSHREIBLERLIET 7V ILESR

2 CREAL 7FEHE (2) () ©) X o THR § 7 e AR RS L ciiiic /L €, e BHES R o Hpl
ROTH () & BEEOTER (), e ffA (x,), FE7 4 7VAEA (¢,) REHEH T Fig.
17~32 i, 7 7# iz Fig: 34~43 wFxh FhiE, .

&, WXIEEHM TR X DRI ic BT » TEBI L Ieh b P 2T 5, La-L A 34 (Fig.
30), =3 64 (Fig. 23) I L DRBM TIRIT LA E—FD, EEFREbTICEITE, /%, 7
ARV, ATV D ) ILREMTHREM OER LR CHEAE o, 7 »~ v 0KE R (Fig. 20
~22) TREMOBPICHRINERI O ¢, RARRTEANALN S,

& BAFERCTRM OB K E K, EMRPDBHEBAELIC 6> TEBL D BAE T
T <o L LFRRCET DHM ¢ 7 r R CH I OAT 288 LIELIERVWE RS, Ta~
YREHORMITE TRECHMP L T AS, ¢, DRKDE ZH TR I8 DM TIRIINT 5, =
FIMOBEE BRI D, o BRHIBMOTHHKREL, 22, TH=Y, »7~YORMEOERHAT,
AF¥ D 34FHy (Fig. 30) D ¢, OEELIEHD TR E L,

O FTE oy OGN, Tiobb FIRNTO REELE OBREARIC 2505 X 5 CRH Tk k¥
<, KEREIRL THM TR/ DS s, T 6 2—BOBISNRFEEH—BMIC X » Tho)s
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LEATHDOLRACHEBEE D, 7H7Y, T3, /%, HITIVORERT ¢, & a,, o, OEFRIEL
ZORIEE L RTA, AFThicL LI 3ER (Fig. 30) #25L, 2FRRIEETO ¢, DILE ML
@ DERC I SAEL TV B, AFD 12448 (Fig. 31), 2048 (Fig. 32) @ ¢, & a, EHAHC
ADHBAYTL, ZOFRRIZEIEHLATRWD, BHBEHED s e AEADERKIL, 12 5T 15°,
30 iy 13° T, MO XTI THhTR 8, 6° TH2E0h, MOBMBICH~XTEDEIVNX, Lichi,
TR - BEM D 2 e HADENS DI ND, o CHEECZOHEN Hbh T, oRRK X - TEHOR
BEOTEMERINRIDTHA 5, a, Tl ap b ¢, OFERERIIERT 27 FHOBET X LI
h 5B,

BiEE - FIRPIC e, 6 & a (a, & a;) OBIFEETL DA Tabled THS () & THERO K
W, BRMOMTH B, LOMPRRIBAZMED 2-3 DRHOTELRDI) . a, F10T a, LER
BOKREL L BEONTHYT B, BHD o, AN E B, BHTLSPOTREMNIS 25
PORFERT, TOLSC ¢ AFMAEMHLTEREITD a, Tt ap LHEERTRT, REHERCE.
TEERD &, ® a ERBMEE D KEF VA, T ¢, it e 3 (Fig.23), 2+ (Fig.30) TREMB D 2 fi=

Table 4. fFEiGREEDOR - b 1 7 rRFOOFTHRE s w1 ¥7237 4 7YV AHEMA
Strain and mean micellar or fibrillar angle of micro-specimen of early wood
and late wocd near the boundary of annual ring

2 oM @ 8 R BOoM R #l % R
S Early wocd formed at early time Late wocd formed at late time
il 1 No. of of growing season of growing season
: annual
. ring . . . NE Y2 - . N/
 Species from [HHIROFAlgm0oFa| L E B \wpimoyalmmoyal & 2 B
pith - | - | v
e,¥1X 1072 [g,**X 1072 am*’,E*‘ﬁ({’) e, 1X 107 | g*2 X 1072 am*ﬂ,ﬁﬁ,*‘ﬁ(q")»

T S 10 0.64 2.22 20 a, 0.90 1.60 9 a,

35 0.55 1.60 16 " 0.70 1.40 8 "

HINOKI 200 0.65 1.60 | 15 a 0.83 1. 40 7.5 n

7 H o= 3 0.65 1.65 24.5 ay 0.92 1.43 9 a,

22 0.72 1.47 17.0 n 0.81 1.35 7 "

AKAMATSU 43 0.60 1.33 13.0 n 0.65 1.30 5.5 n
6 0.65 3.60 25 a, 0.62 2.50 10 a

® 3 10 0.68 2.10 21 n 0.80 1.98 10 n

MOMI 20 0.74 1.52 20 0.74 1.40 9

35 0.62 1.68 17 " 0.80 1.50 8 "

) 7 0.62 1.52 22 ag 0.80 1. 40 5 a;

20 0.67 1.48 25 " 0.80 1.18 8 "

KARAMATSU 48 0.72 1.32 17 " 0.82 1.25 5 "
= ¥ 3 0.88 3.65 18 a, 0.72 3.02 13 «a,

12 0.80 1.10 15 " 1.20 1.52 8 "

SUGI 30 0.90 1.35 11 4 1.05 1.52 6 "

*1. ep: Strain at proportional limit. *3. an: Mean angle of micellar orientation.

*2, &3 Ultimate strain (Breaking strain). *4. ay: Mean fibrillar angle.
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UEDEDE DD 5 BD, HF<Y, 7A=Y TREDENLE, & KRELICHS, « ik
a, TRV LB VRER L RBAOUEDENE I, AFTHLNTL B2 L ibrb, HIRTW
LW IERTOBMESL AVIICABIR I ZRLT VT~ 28 bbby TR THETATY, 773 7%
BRRIBERTHHORIL, b/ FXPENLEEEYTRT, a, T a, & g ORI XD T &
VAL HKREYR : OBRCELT 5,

PFHOBE : AEROBR 7 FHLROEOBCAF 5505, £ JIRLO VIV, FEOIKM
HELTLIELIEARLNR DD TH D,

(a)
37 7RER N7 BIANT 7 REE
Compression wood tracheids of Abies firma. Transitional compression woond tracheids of Larix
leptolepis. (x130)

b

(c) (d)

7A=Y - BAWT 7REE AFE o LM DT 8 A ER
Transitional compression wood tracheids of Pinus Main branch of Cryptomeria jabonica, upper
densiflora. (tension) side of traverse section, sap wood, region

of late wood.

Photo. 8. 7 7B X OF DB
Photomicrograph of compression wood and transitional one to it. (x560)

TIFHOBEE T 7 e RA- DORMEI X TH% & Photo. 8 © I 5 IYREINIC 7 7 DE A E T 3 D @)
D, EEROBETIT T LM I 52, BREBDHLFEHCOD L HRFERT 7 LIHKE LI »
BERIT D ETEIRDC L2 bh b, Fig. 31~43 Ty 5 ERFIEANICE R 57 7 filang
AEER)THBY, FHF Tr 2 ENP LA - TR L 0 i RIS 5 —EW— 0RKED
WO 4~ 5D @, ¥ 4% @ KIEHHOBAD O (54 - ORI, Table 4) & J#e+ 52 (Table
5), BE—HTHLS L LFHBFRE G, LT, EFEMORMPHD : 7 e RAD a,, a, 21
RBLBLAEDHRT TOHHRE, DL CHECT 7T Th, o, ay BEFEMO KK
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Table 5. 77 REEXEL I 7 eRFOOTHRE s e kX7 4 7Y AEHA
Strain and mean micellar or fibrillar angle of micro-specimen containning
compression wood tracheids
- fi ) 0 it | Bk o g | BRI 7 |7 705 FRvEk
- No. of annual MJFE‘()\T& BOT 4L |AED a,a, | LD a,a, | D a,a,
Species ring from |Min. of ¢,*'|Max. of ¢**|a,*-a *near ¥oa ¥ | Max. of
P! pith x 10-2 %102 by CW.T*s |of "*6>40‘7 a, ¥ r
'7 P 8 0.4 3.45 10~13 23~24 24 a,
AK 22 3. 40 15~18 24~28 28 n
AMATSU 56 0.5 2.70 14~17 20~28 28 n
€ 3 12 0.5 2.10 20~25 22~28 28 a
MOMI 26 0.5 2.70 20~30 22~27" 27
H T = 12 0.5 2.82 20~25  127~32(y>>30)| 32 «a,
KARAMATSU 26 0.4 2.20 17~22 19~35(r>30) 35
= ¥ 20 0.6 4.30 18~24 21~33 33 a,
30 0.65 2.80 27~33 21 ~38(y>20) 38 v
SuGl 54 0.70 3.55 23~26 19~33(y>20)) 33 n
1
*1. ep: Strain at proportional limit. *5, C.W.T.: Compression wood tracheid.
*2. &: Ultimate strain. ) *#6, 7y: Percentage of compression wood tracheids to
*3. ap: Mean angle of micellar orientation. all tracheids.
*4. ay: Mean fibrillar angle.

IR TRE VWAL, ZOFR (rE=07T, 77HEICHVFH) OHfETL7 7 DREEHL T
B D rEILN D,

LaL, F#TRZOFKOMINL L OTEIER Th 5257 7 L 27, MlgNEGCIHEEDOFIES
BECAKE RV HSDO LY 7 7 L Lic, Ry QFMEO MR L TEROERIC S &340
D¥EBE®ZTTRTI LR LT, Fig. 36 CALRBT7T2=vDIr <, BHORH I Y 7 728lbh 5D
%&5ﬂ,g<m¢%ﬁlbﬁﬁumwfﬁﬁmtb,HgszonmabnéismﬁﬁﬁO%ﬁf
2REEL T . NERSABIIBREY IV DL, »T<Y, 7h< TP EEL EHREO I A
WL SEMML L /T 208, AF, T I0HEROKN 1 #BE THHBELILITHEL
ABkA SO AP L, 7 XMEEORBEOMEL v E NI LD TH DA, 7T OB
L a,, 7 ¥ OBMIEEC X o T i binu,

y DEBHTOLLLNFILT A=Y, #TIVDISKE~I7%FEOED, EIDLICE- 745
HeHrbOREH5H, INHBEROBMI V IAFTRHLEERARCIZLDOTHS ), #7777,
7 H= VR ROED L, FRED FNE ERE v, FRBCET S r o 3w (Ta=
v 56 EBAIRC) 25, RLDHBAFTERL Y HANIEL T > T B,

BR7 FHORRIERL, AF TRERIELE G BRETT 7 LWL RV 7 7 < Y TRIRH
YR LEWLSMLEER L bbb, 7r<Y, T IRBEHEIEVCOTEHRIROELRITORIS,

TIHMOBRRMEALRB LI, 7 & ay & HABALEEO LD (Fig. 36, 41) 5555, A
a, NRIC Kk E e BDd (Fig. 43) HBML—HKLILWHEHN S, ok 2= 1126 (Fig. 37),
%30 (Fig. 42), 544#y (Fig. 43) TRLL S a,, a, OEBRT, 7 HRAEET T,
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7 FHORBIBOESR () GEEHLIRERD, 1FROVRBELECTETD DEAERD,
SFnET FHEEC K B L MO IR NS e, THIEXL THEEOFTE (s5) e, 23/ T8 BiT
PhE LD, TIABEECH BIH - THIMORT (e B, OB Fig. 35 ©7 7~ Vic A
B E5E, BHEHTe 2EXELED, ¢ ' BMER SO CEERRIEEL LT, b
Ma, TSN RT S L CEEYET B, & ORAMER @ & TR E—HT 0BT A~ 7
&R (Fig. 34~36), # 7= v12#(Fig. 39), A¥20, 54 (Fig. 41, 43) O x CaficH
Fro T Be UL & DRKMEE ¢, OR/ME (BT L S BAMOEMN L ZRE7LV) 377 <> 84
# (Fig. 34), =312, 264 (Fig. 37, 38), » 7~ 2642 (Fig. 40), %20, 304 (Fig-41,
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Variations of strength properties and cell structures across growth within No. 20

annual ring of main branch of SUGI.
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Variations of strength properties and cell struc-
tures across growth within No. 8 annual ring of
AKAMATSU compression wood.

Note (1)-CW-:r% D7 F7REEXEL I 7 2R
J  Group of micro-specimens containing 7
percentage of compression wood tracheids.

7r 37 ﬂ?ﬁﬂ‘*ké‘ia‘bb 7 FHifaD L4
?,S(L?(‘f’j‘ denotes  percentage of
compression wood tracheids to all tracheids
of micro-specimen.

E;: fifalE (@) o ¥ v 7R E,
denotes YOUNG’s modulus of cell wall
parallel to tracheid axis

Note (2) El, E2, C1, C2, C3: Fig. 9 2/
Reference to Fig. 9.
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Table 6. % r # O K B &HF O B &
Radial diameter of tracheids of main branch and stem of Cryptomeria japonica
ﬁ(‘F{Rﬂ%ﬁ[ﬂi) &% (k0 ¥ )
Stem Branch (lower side) Branch (upper side)
B |k |8 # TTH | B M| B M
} Compression
Early wood | Late wood | Early wood wood Early wood | Late wocd
OB B | g | eui3ais | 17~20~22 | 8~10~11 | 15~18~21 | s~10~
Radial diameter (/l) 32~37~41 9~13~15 | 17~20~22 8~10~11 | 15~18~21 8~10~12
e A (O .
Angle of 15 6.5 |- 29 44 40 42
micellar orientation
ROMER T 5700, FREROIRC OV TIIRCE 2», 7 7HOFEH & KR 5,
FEE L BRIRE, V\]Fﬁéﬁ:/&ﬁ)ﬁ)?ﬁ X o THHM OB Z RS TE I, BEEERCTERRORLD

& Bﬁ@%@@&ﬁ%mﬁ%ﬁ’m@b QTenELbRA, L LEOMEI K Th 5 BA, MEOHR
WAL CRERRCEET 50T, ERNH CRRERR OB LEED LCELT 2 B80S
Wb, RICEROKNE EoB L, BEERERORBEHAN5,

e/ FORM - RADFICIAL T, FEEOBCHL TARHEINT 52, 1044 (Fig. 17) Tk
A=50 % &L B DI WM DR T HOIKL, 353 L0200 i (Fig. 18, 19) T3 (T.Z) T50 %
Zx %, BEH O AHVNSVCEHBERRHED L v (K- /) KERTSZ L3 TRd~t, B# T
AR HLLETHD, 10 £ TR 40 10, ERBIMBBCHNTIEV, FRERRD
BT A=Y, # 7= VRENTORGHh b EMCILEE, BECKR2, LirL7 4 7Y B RN
TRAICL SR, BEHMEHIT1I5~20° DE DAL (2 ZRBIFRMEDF — 2 145 T), KER DA
FOMEI DITKEL,

7 A=y D 3% (Fig. 20) $/FOMIAT, Ak 40 %58, 50 HigT (T.2.) wEgEts, 22,
43 %85 (Fig. 21, 22) miﬂﬁﬁﬁ*@ 60 &z B, Apib0~60 oMy (T.2.), Bt oEFRIIZIE
—ET 5, TORREBLILSK, (T.2.) Wb e&d TRBROBMEL THUE, A DL ) BHOR
YO b B, BHEIHITA OB ek & AT, ERELEBH D (Fig. 20, 22), $EE
DEEDRFCAE S TmBRMFH LY, ADBMEREbL, 2 TAHECET S,

%3 64FHy (Fig. 23) Tt /+ L AU EHAML D A1240 HICiE L, P D 40 % % %,
(T.Z.) C50 BRIEITIc s, Bid CIXTHL <78 $iegE ¥+ 5, 10, 20, 3544 (Fig. 24~26) i % &
Az (T.Z) TS50 %%BL 51D, KM T80 Bhikx s, FEHIETAIWIKENT 50R= 1 K4
WCHBETHY, AL~YBOH T =Y, 7TH=Y Lid8EL T B, |

A7=2 7, B (Fig. 27, 29) THEMPMCERRIRE (e nnb, AL L 2LH
SHTH Y, BMIE TRERNCRHT 5. 20 FI T A OBAIR A, BHEHIT A=20 % iE
{, B & DA TH0-75 % &HET 5, chbHLOHOX 5ic 4 DN EWIRIED HEE T 2 D13 Photo.
IHATHHLTHB, BHL TS 2ODREBIC X » THEOWE I BEFIE T 200%bh 5,

AXOHETIL3FH (Fig. 80) Tk (T.2) KETHETC AH50 %L biciny, fhiE TR
Shicv, BHOMITLL AH YA 0 %2 5b Db %5, 1244 (Fig. 31) ¢ (T.Z) D
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I P

5 BRI ORE (€ 2

Photo. 9. #Z =YV DR - M DOER Photo. 10.

The boundarly of eary wood and late wood - BB
of Larix leptolepis. (x150) The transverse section near the portion

broken by tensile test (Abies firma). (x560)

BITH0%IIR, EEROBA IR TH L HBMNEY + 5 Th Y, A DERREML T BREM
DEFHTEREML A=30 L, (T.2.) Kk 5 AL 60 ZEBX B85\,

FPTFHMOBE : 7h<2 8, 2244 (Fig. 34, 35) RROLNBIIIC, 7TTDONRrH 20 Bxi#z5
AHETIE, ARTTIRS0 ZIZ@EL THEMML T ab, EFHOERCIZREGER oI CEE#R
KEG, FRERFCES E TR, AREKENLDZ LIXT 2= YD 3 DDOEHTHEL T3,

& 1012, 264K (Fig. 37, 38) Th, r=20 Fcizhif, A2 40~50 ¥ k& ieh, 77 DOEE
TR e B &, HBRIER S 50~70 ZDFEEA DT,

BRI A 5~ Y TET 7OBEND D, EHHELTH52, BHOREIL D A0 §ifls:
Hh, AP0 BERLLONE Db, EFEMOX S IELWAERAIE bR,

AF 20 44y (Fig. 41) Tk, FREOWED ETA=50 Foix, 72KEVECAT A bKEL
B, TOERTET TOMKTE - 721323 KRN, 77kl iciifgs/ kL, ErHET

00D d—RCEEF D THAS 5, 30, 546 (Fig. 42, 43) TH, r=0F7chb, HEH

KT T7TORBERLILNE AT AX40 oz, ZOFEEIRGC X, EEMCECHfED
Wb LEOBEI D LT oMb e ELX LD, TTRERLCL I, ZOFBKTEI A+ HAR
20° Bz T3,

5. FRAOHBAROY Y SELSRBEDSH

(1) ¥vv7r=®

4 TR LU EEHE (A) & v v 7 R(E), 5ERME (o) DFRATORBXEFEMHCOWTHNS L,
7 h =y 3R, € 6FH, A¥IFRLLIRBTCBETAERTIE, E o OWMOKRTESVOM
SEILBD, MOGTIIEMOBTRREE S X {UTW5, - 2T E & o DfFfRIEoT, Fig. 28,
290 H 7=, 20, BEHFORME T, 2L BAMBREKENFETS, v/ + 200 Fiy Fig. 19), 7
» =y 34H (Fig. 20), = 3 10, 3544 (Fig. 24, 26), » 5= 7, 4844 (Fig. 27, 29) 7 ¥§
M ~BHMOXET, E Lo DMMOBERIIG LA YELT S, FRE, ok ALDOBFRI AT =Y TITH
JEA IV, I OBRERIHAEROBEING 3F L DIBL T 578, A OB RMOPHEI L
Wk hd B (Fig. 23~25), LALERDOLIROHEB X b ZHUTR DB OEIMOHEE T b,

INETD E b o OEIRRRDILER TR, MEOHENE VL WIMBETIL D, EH2%2%
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Wit T RE R R R o T, SRR & LIS ER TR REBM & A TREEEOR VRN TORK
RThoTeirh, ULLHEET 205K bANED, o ZIEERD L 5 I HETEDRE Y ER
L CT—ROFEHOFEDIXLDEDE®RSTH L T LENVH S,

E, ¢ OHMOBTD 54 727 7 <71k S FHTHM T~ 7k b2, 72~V T ARSFE
BB, E, o SBEEND Z Y b0, MOBEOBEA TR Ly OHEREIC LD,

FFHOBE : 77 HOBED é,,a, 2Lt A OBRTIEEM & A L bu—Bkw T, ok
'77:—«&022@% (Fig. 35)' DZEL E Lo, EBIRIT A LOMENRPTRAMEREE I, B
ExF -7 LIEBTHEATE, 3FORMNIELD TV, MU 56 Fif (Fig. 26) THRAME
DREAD 3 F DRI T3,

» =Y DEREE, 77 (ROBETMNCCW 2 LThbhT) T, B, 0, AR/DEWER
ED BN TL 5, EHM TRV A THEEY DEANSZVORK LT, 77HD E, o188
FET, WL OBDE—~ 7 %FEL,TWD, 77HD AT TR L 5 CEM OB L b Bk#Em +5
2, o, Ed THRIEHISL TEMOH L b igid oo /adlmamL T %,

YV IR I A HACERET B LAER IR TW A, e flAOPNIVBEY VIR E
WELREEMOARTHEL TRVWEINEHETH S,

7T TRT7 TP ELR N T, ATl 4 7V AEADKECHEINL TORd b b
TP, ERARILL I EZRETHINL, ZOEMOBTIL ARBERHTS, COXIREL s+
MEFD D BEDHBICS 5 = & XERHCLRVERLVBR TS 5,

e xiEh 7= 20454 (Fig. 28) oo e <, A 50~T5 B aWToL, E bThETORK
BLOTEGICEET 20O, EFML7IHEBLICSOR, Er ARCEDCHBE LS
EThY, YV I/RLINT EEERRCKET S LB, YV IREKEC @R b o0 b,
E DR ERT 588, ZROPREHFRENRT DIV, Chil

E|A=E, (MifglEo ¥ /%)
KXoThExbh 2,

TTHOBHE, TH<v 84 (Fig. 34) TE, E, 3BM L 7 7HMOBERMEE CEEIL 7enib
5, ZORIKTE a, BB D, 7T DHIRCA - C a, HEWT 5L E, ZFEZECHDY LD,
DORIIEH O E, XL h/hE B, F225H (Fig. 35) Th 7 HIV a, OkE, Tiobb BEEx
TTDEZHATRRMD E, /& eibn b, [A564EH (Fig. 36) T E, X E(¥fido) O
BIRE T oR B THHD, LML D THREORE T E, WML T <. TORED a, 3EHL T
VWAHE, TREBEDL a, BEINL TH L DRALT E, 3HT 5,

= 31244y (Fig. 37) TR E, 13 E tAUHEAY b2, & 3 26 4FH (Fig. 38) 4 ZOEMII, b b7
WAL, 7 AMEEREOR E T o BB K B ) KB\, Z OFIRTIE E, (38N L CTRAME
wicL, DMENEL B0 R 0%,

717 <> 12454 (Fig. 39) TREMEHL » LLWMe R LEAY L0, @ OFEKOD Hich TSl
RO EIeofeh e, a DRRICHIEL T E, 3EHT 5, LrL 26468 (Fig. 40) Tk a, »ifk
ECIR2 2T, B g —En, BHELHML, o »RAEYEE TRV T 52, E REOBER
NI TV L,
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AFOFFHTLE, BEMELCEDDD, a, LOBKIT E tAKL LN,

TIMDE X7 A=Y ERLE, AF, TIDISK a,, a KML TR - Td E, O
ERIE DD, @, o TLFNC EXET 22 5—RAL 0E, T B, LELTFIRL<RF
CADXRHBR\EESHETHLBDD, a,, a, L ERBiBCEEIE5Z LAERTE 50 Ak
Vo e L E, B, RYHEREY . 7 ATEHEDA, BRe L 3R R LT, an a, ODREEASHT
& BTN B B,

EEMO E, XZRDE, AODKEXOBELD, ELtFUEAR O Ldbh s, Teble?, 8 it
B (EMOBRK LD, 3 21385 RA ¥ CTOREME) KR35 E LBHEICET 2840 E >
WTE, RO TRINTW B, E, 2B X DVBMAKZVOT, E LFEUHERA & 2bh5, EEH T
W E, E it a,, o CHLTADHBRRL, TOBRIT TR —REKEEST 5,

(i) FREE L8 - Mot O pkEsE

FEEBERFTRO I (1. 28M) BEREEONERIC L 50T, FELTHRMRTTLLIE
Tl ADND, FIERME 0 (13T E LOBRTHANTE LS, A L ®ELBRYd - THE
HIHEMT 5, EFEMNOBEREM L VBMCHT T o DEBVAZTVOIIESDF X b IEHERER, T/
bOLREMERCHFET ZREEROLAVAERTH Y, IR a,, o, BEOLBHEE, Hatkiny
PEETHEDOTHA S,

Table 7. fERFAEORMN 3 7 e RE OBMEHAO Y v /L L BIEHE
YouneG’s modulus and tensile strength parallel to grain of micro-specimens
of early wood tracheids near the boundary of annual ring

N D D
No. of annuall Young’s Tensile Percentage :11'1%351?1 SS S’,(I;i?f'iﬁ
Species ring from modulus strength | of cell wall of cell wall of cellgwall

pith X 10*kg/em?|  kg/em? area % x 104 kg/em? kgjem?

e % 10 6.1 770 35 17.4 2200
35 6.7 790 34 19.7 2320

HINOKI 200 6.6 880 34 19.4 2590

7 o=y 3 5.0 650 38 13.2 1710
22 5.4 640 33 16.4 1880

AK TsU 43 5.5 650 32 17.2 2030
[ 2.8 430 38 7.4 1130

® g 10 2.7 380 35 .7 1090
MOMI 20 3.0 370 32 9.4 1160

35 3.0 370 28 10.7 1320

. 7 2.5 330 29 8.6 1140
20 2.6 300 26 10.0 1150

KAR TSU 48 2.0 300 25 8.0 . 1200
2 ¥ 3 8 320 . 38 4.7 840
12 3.4 340 32 10.6 1060

SUGI 30 3.5 440 30 11.7 1470
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BRI AR (E LAUL, YWED3LWLERRFOFY) Doid Table 7 DT & K, e /
F, THRIDNKECORILT, £3, »T~Y, AFL300~400kg/em? BELILD, FRHICHS
E, AF, e S FDXICRBMI VBB > THENT 25035505, T3, 7= Y2 EBD
L, 7A=Y TREOEIDIL, BHOR L E O WEHERIAEEIGEL THY T % 0 T, KEE
‘ofA=0 TFEROBEIC X » TRE 2B, ;

WRAT D REHE 7 FBR T ORI RERICE T AN B D KL TRD D LEN B D, LA LERD
HHEAEE BRI, REROBMELTIEHTHZLbo1en b, BRKALNRD 0 DRAR D
o> T IEEBEOBMEROME & Licd, Ok 5 DAL S %, BM O o 133O & b ik
B0, HEKHETERGY, BRERNCHSE (Table 8), FHEDOLH NG ¥ o X HIMT
BOVRDOND, BEEREAF, »7 <Y ISHIRARCHEMS L EDER, o AL TS, ol
Z R BHFRBTIEE I BERIFATH DA, 0, TR /%, TAYIAEL LD, TR ST
WAID HIZIE A F OBEM T d 3000kg/em? 2 255 Db DI L EMFEL TE L,

BH, WM OBBOBIRIE e/ d I EHEEICT L T30~907) THHDIRL T, %#E X ik
HCZ > TR, IR S, 0, BEOHIIE& RS, & D x SEHBOAEL I e ET

7 4 7V MEROERN—HKT 50T, FEXMEST LS LT 5RA0H B0, FEOER TITEC
| BERBIRE R LB o T, $ 2 nRAORERENY 7=V L, XETCHEYRS L, B

Table 8. fEMFITEOKRM 3 7 e R OBHEH RO v v 7R L 5 ERAE

Young’s modulus and tensile strength parallel to grain of micro-specimen
of late wood tracheids near the boundary of annual ring

. " 3 D D
o ow | F W |TVIE aw&a&r&%%%*ﬂy@gg gﬁéﬂg%,g

) No: of annuall Young’s Tensile Percentage m%‘égﬁl SS st ergltﬁ

Species ring from modulus strength | of cell wall of cell wall of cell_wall
pith X10*kg/em? | kg/em? area % x 10* kg/em? kg/em?
v J o* 10 14.2 1720 59 24.0 2920
35 17.1 2560 63 27.2 4060
HINOKI 200 18.8 2620 70 26.8 3740
7 h 3 14.5 2000 70 20.7 2860
22 20.2 2800 74 27.3 . 3780
AKAMATSU 43 22.0 3060 76 29.0 4020
6 11.7 2100 77 15.2 2730
® g 10 17.6 2580 79 22.3 3260
MOMI 20 21.0 2880 84 25.0 3420
35 22.8 3330 88 25.9 3780
5= 7 15.2 1840 76 20.0 2420
20 25.8 2880 87 29.6 3910
KARAMATSU 48 28.6 2960 83 34.4 3600
P ¥ 2 7.2 1600 82 8.8 1950
12 18.5 2580 76 24.4 3400
Suat 30 23.0 2840 84 27.4 3380
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{REE N 40~80° DA T D /i, BbH i 10° TRUGBIBIE Y & 80~90° Tl X h 543
BB, HICHERAEY 7 7 1 v TEEL THBME : Photo. 10 X b, H[ERE ¥ 22X A Al
DS, R TORMBIEORLE A B, b X D EEFONOERL, S, BOFIRFELPEBLE.
T HBIME L 98 5 B E 2 bR RE M FEE CIHED 5 HFV-JI0 B OMR A1 7 5 M4
3 oa HUPEL, B/ OFITHM O 1 ROFBE (T KB+ PE) OF 3RBEE L 6,000kg/cm?, § 7 v A
132, 500kg/cm® T % 0 LW BE L EE T 5, BEMPHD 1 KOREEL 1 7 m R OMEIF AL
700~1,000kg/cm? T Bh>5, WTFNAELET H0BHLA TRVWHS, DBEEL +HEL bR D B 2E)..
6. FROHBEAEMOY L IRLEEFIRED
E, 0 5B e, KOTTE S OREELEE » CIFRETRT 5. COFERIELREIL T E % -
T, BHLEADOKTIOEMITI DD, LEROEERYIBEL TR, B, AREOKmHAELE L.
b, TOWELHET S L LEREC B,
BERRBOGER LCHLbN AR L v, HHIBEHRTIE,
Pameg ererereeeaertnesetetittstattiinittitntarrrastsrararrass (8)
P:fE, o WAIEH, < 0T, BEXEWBCT 00, Sk 2l EMWET E, BHEFE L)
T, TRERLFEEZT b2 L THIL
P=0£Se+0.S,=(EgSg+E[S,)e srrrrrrereermmertnninninnnninnniin, (9):
I I ok, o, Sk S, Er, E, X RHRLBHEORT, WEE, vV IrRLT5,
)X, (KLY
G=EgSp+ELS, -roeevrrerrereeeminniiiiiiiiis (10).
FEWROWE (Se+S,) KhhBFBMIGT o 12

TTSetS,  Se+s,

_ a
Se+S,

- =
ZZiT E,.

A0, AKX Y

=_§_‘5i’5__ ELSL e iret e (12)
“ "Sg+S.  Se+S,

IDE i (A1) REVEURY ERTED, KERDO I 5 KERY M KEHLIHR, BOKO T
7 eRFOY v SR LWERY, E, Ery S, Seer&FHUE (12) XD
E, =3 E;SiT1S; reveeererneeeemnniiiutiiieiiiiiinecseeiitt s (13)
(13) XEAVTRRLCBFRCOVTHBELER L it » BB ST EH : 7 = KO-
Zhx Teble 9 WiRT, ERMEDKH L h 2R ThB0d 15, AL (13) ROKILT 5D -
B, )
BEZE OB, WERHOMCHARE,»EE L L5, RAMREOARE 2RI RHT20:
FEWThORETC L 5D THA S b
WEE - B RS A BT OERO RHIBIES o, B FEL, TOLEOVTIRE 6, LTHIE,
. Gy mgy eeenrerenre ettt (14)-
IO e, MBELILE, KAHShics I 7 e RFERT, HEMUHICKALRILT 50
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Table 9. 14D v v /3R L 3 BEHE

Young’s modulus and tensile strength of an annual ring

FEWHovv /7R | FHOLBBRE | £ROFIREE
E W Young’s modulus Proportional limit Tensile strength
of an annual ring of an annual ring of an annual ring
B & No. of % 10* kg/em kg/cm? kg/cm?
annual - ‘
Species ring 13X X b 208 X 24K X D
fop | BRE2 % m o | 2R Ik om o | 3R | omom
pith calculated from calculated from calculated from
from eq. 13| experiment |from eq. 20| experiment |from eq. 24| experiment
e s o=* 10 7.6 6.7~ 7.1 530 550~610 960 910~ 970
35 8.0 6.8~ 7.4 530 520~660 1110 980~1100
HINOKI ) 200 8.9 8.4~ 8.9 620 680~790 1230 1200~ 1400
7= Y 3 8.1 8.1~ 8.6 660 580~630 1000 1010~1250
22 9.3 10.0~10.9 770 850~89O 1150 1000~1140
AKAMATSU 43 10. 4 9.8~10.7 730 760~840 1250 1200~1410
6 5.9 4.7~ 5.6 370 310~360 920 650~ 810
® 3 10 5.7 4.9~ 5.6 370 330~460 940 | 660~ 780
MOMI 20 6.2 | 6.1~ 6.6 430 370~ 450 950 | 830~ 880
35 7.4 6.8~ 7.3 530 480~580 1020 890~ 950
B = 7 5.0 4.6~ 5.5 310 260~310 640 580~ 670
20 8.9 9.0~ 9.6 670 640~750 1050 1010~1260
KAR ATSU 48 9.7 10~11.3 780 630~760 1070 910~1140
P ¥ 3 2.8 3.2~ 4.4 220 220~260 540 390~ 480
12 - 5.7 4.9~ 5.6 340 290~310 770 580~ 730
SUGI 30 7.7 6.5~ 7.2 770 490~610 1060 760~ 810
O T8 i =T s (15)
El EZ E3 En
Fi

1S, +0,S;405S; 4 eeeenerenne +0,S, P eeneee i (16)
(15), (16)K# ML TML &, '

P, -
e 1
O S ¥ EJE,S, +-+E,[E,S,, a0
(A7) ROFEADHBF% 1S Thed
. S, ES,+-+E, _S,_, 1
N} 7)) =—2 411 Lot Sl el S OO
AR B =3 T 7 (18)

{(18) ROFAFE 1 H X 0.1 LT ONZNEDTH BB negligible: 0 2 L, #2IHDIL U ORILER
DYDY v FREFTTHD, thy E, r3hif

O (ED) =.%£f_ ................................................... (19)

WE E, %1 7 v RFEROPT, E, LIIEEL VL OREE, HEHOSEUMENC LIt/ b,
G A7) R
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PP
xS

DR, XFKRDI E, KEWYY IR E, HLOERYAROT, TOEHED ¢, L1 o, ¥E
H3ruf v,
Table 9 X RBH B UIEERBIOLHFARIE T E (20) KD o, X DRDILAELRTT, ZOKR o,
EDOWTORFND RN ZYE TH D Z 2 2% %,
7. FROWE
1FROPIEDIEE (FA) PHBREEED ¢ R e & XD L5 KBRT 1DV T, KORERD
5, : ’
Fig. 44 3 BH MM OEH— O TR AR E L TELLLIDTH S, FHEMTE E XEHL
Bbt, o BEH<HEM, & FAFEREBMSHEN TH B Z L1 TIRART,

SO ,EE 0, ettt e (20)

'R
: oL Ee < Ev P
0 Ee< EL
oy Se>» Su P .- Se< Su
- .
. g'sfl = .
i E
aL // - P . I Pe
&b Eib e —§& b 5§
) 142 «)

Fig. 44 BBt 1 7 e RO IEH (0)—0FT&R () B (@), BEMBLBMMOME @)—0F
& (&) B (b, 0
Schematic diagram of stress (¢)—strain (¢) curve of micro-specimen of early and late wood (a),

" load (p)—strain (¢) curve of early and late wood layer (b, c).

Note EE) EL; SE, SL! PE: PL: Qﬂ%ﬁkﬂﬁ‘ﬁgﬁ@—vyyzv M’Eﬁ’ ﬁﬁﬁ EE) ELy SE)
S;, Pg and P, denote YounG’s modulus, cross section area and load of early and late wood

layer.

FERMCARREXL DL OTRARET B2, @) KAD LD CHMOHAR B ¢, (NTREROESR
BHTHD & ELT) RET S, EMCHARIEBD TNEWEIRTIE 0 KRESND L) RHE—
OTROMFEN S VB EDT, 0L XXMM BEL Th, HEFROKEWEME (S THMORE
PZTEIINT, OFRAVEFEETHEA TS, © OX3IC Se<S, THBH L5 FThin FBHidmg
MAET 5 ARCHEST 5, £ Of Se=S,, Se>S, DHATY, WEOHELNSATLHSZ L2T
KMInd, B-BHOBBOTR o & g KENDLD L X ERORENKILT 2725, £OEHDIn
WBARLTLD 6 MHEORARLLY, TOMOPERCISZTSHS >, RARLARBITAFZIRS
v, REHEOBMINL 15~30% OmMERTIL Y, IR - BHORANOTAHARC TEEROEREY . 7
258, WiiEREY . 5 A E L RBEBILTVBELE, &, RHEOHAL L TEROBETOWTK
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APEF D (e ODRAMEE €, T 5), »
ERHPPETHIO L EOREIET 0.4, %3 7 e RAERDOLOBADIETY 01,000, EFHE
=1
“S
ZDEERT ¢ DRNDHDY ¢,y ETHIE, HIBERVWRLACEL 22 SMOBERNTREL TW5
JEHERLPEIC 0, ThHbbTE,

. (01514625 G, S, e0) +ereerereesssersiesntenienienaiane, (21)

gizgib._sL”- ...................................................... (22)

exb
e O REBOEROREROOTHRLIE AT (Fig. 44 () BF),
(22) &% (21) RATHE

= _Enp (O‘lb S K413 Typ ) .
o, st (J16.5 4 2.5, 1 TnS ) i, (23
ZSi\ey ' 2 ! Eus )

(23) RITEHOTHREL Fig. 4 @) DA, L LTCEHOF - B, BHOZHICES TS B, R
EOEM OB L O], KBH CRBEEN KT, ZOBEATLLA

;_Zo‘ibsi
TR,

DR TEH B, FIRNTIL 2 ODOERIR2ITE 5%, Table9 IZHBEIC X - THELL ((23) RKic
LB EMEL (24) ROTHhIOE S~T8 % PEW), 3, AFTHEN S BD, BITAEULHER
T3, 0o COWT XD ERLELELGRE, HRBBTEEVBLLEVE L, &0kl MHEEZRD,

................................................... (24)

oac-_..Z:Z:"_iéfi. (Le,y) worereveeermsnmneesmsisesnimniannanns (25)

EEL 0, REEROOFINEMNTORNDER 6, IHEL I 2 ¥ ORI Th 5,
5. REETEDIERECKETHE

50 (i) TRABLLITEL, ZREXFA L T255REME L PB4 L T 53HHE L OH8 T
DTIREEIE £ KD & 5 BT b RB,

Fig. 45 (3B DR OBRMGOMEIR T b, & XX B3\ TREEHTACEMES d o
srsfk (FGHENE 6 ATV, 4 ATRINEORIIE TS 555, © o CRELIC 4 ATARE £ 3 5)
L b, FROMEC d HAOKNS « 2Bk F b, S0t AT cmee (BIIE) 1CE5E,
CIICH L TREEITE (DR OBRENE) CHES o R-T-A AT T5L, HEOHAL:

(a) ’ (b)

ke

Fig. 45 (o) (REEOHME W)
o () B—RGEE X D BETTRCY) D SR

(a) Schematic diagram of longitudinal section of conifer tracheid.

(b) A micro-piece cut from single tracheid.
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b
0 KT-A=17  2(R+T)dl «oeeeeeereernneeiiiiiiiiiinininietinins (26)
R, TR 4ABDOILERTH DY, EFOXERE, BEHRBECHEL TW5 (HRRIBOEZIE 754,
TR 0 IHEME opax KELALWADTHD, 70 RT-A § ¢ #HEMECERLDIEVAS I
DRDET B,
CORBRELMGEE R L 0 B L THLEL, R DB L, RELCKE (X)) T 0ma 28bh
T B, (26) ROBHICL 5T

Omax  RT A=7, c2(RAHT)ly +oovveeresseerssnieresniiiennnineanieens @n
X, X, AP >
WXo! MIEOMBIZTOBENELD o .

ns,

@ Tmax ﬁil_l\é < ’ lo ﬁzj(é?\,\ (Flg. -

o
46-1) ‘ mazx mat
. . 0 Ly . 0 L, —/

® Tmax ﬁ*ktﬁﬂ’gj(f» lo ﬁ‘ﬂiﬁﬂ"] -

&V (Fig. 46-2) (3)

. 4) ,‘ :

whxy (Fig. 46-3) o ; ,Wm _\

DXIAREERS X0 o DIHINTE 0 g, Ny o 2 Z

Fig. 46-(1~3) 2%z bh 5, Fig. 46 H—{REEO@WMFEIERT 5 RENBHIH
B L CAMDMREY K X <5 traf;}:li)c;;?othet1cal longitudinal stress distribution in single

ik, FEESEY S, BOWMEY

EhT it bhb, Fig. 46-(4) X vFHILT ¢ 2kD B,

Tmax DBECKE L, L A BE ‘—
/ o

g‘={2)(100%-]-0‘"‘3‘([——210)}/l:a‘max(l—_llﬁ) .............................. (28)

A=lfl) FBHEBEOHYE EZERDL T, L 2VPEL, I BRE VI E onax BHFHTH S,
@1 K&y

L= 2 Tmax e (29)

(29) KT Omaxs Tmax DB IREFCDOWTEZBRD L THIE,
WE~FERIR RT/R+T=M
WA+ M OB E  RT-A/R+T=K

AVNEIZ E X,

EROTIARHBIEONR 1]

DREVEE Omax PERCILD, 0 D3KRELT0D, BM OIS LB IZOWT, EROEBREHH
L7econt Table 10 T %5, M XEH>HM, K XBEH<BM L2,

J {HCOWTHERS L, BHOLERME X FOREOMEIXT TIC Table 10 RLA-LdiE, v/
FOTHTYEIZAFH T2 Y DIEMICIe %, REMORMO JEX IR O HFTRHTL, /%
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Table 10. B . b OREETEL 3 7 v KA D5 FRME & DR

Relationship between dimensions of early and late wood tracheid
and tensile strength of micro-specimen

] . ErRANERF|IBEEE

g @ |Noof TEM gz GaE|lRO | RT | BT | L
il?u?usa] Early or Radial |Tangential| Tracheid R+T | R+T X

Species frogm late diameter | diameter | length (M) (K) N
pith wood () () (mm) | (w) () x 10

0 E 24 21 2.96 11.2 3.9 7.6

L 13 16 3.11 7.2 4.2 7.4

e /¥ 35 E 28 25 3.50 13.2 4.5 7.8
HINOKI L 15 19 3.74 8.4 5.3 7.1
200 E 29 26 3.62 13.7 4.7 7.7

L 16 22 3.81 9.3 6.5 5.9

3 E 32 26 1.28 14.3 5.4 2.4

L 16 25 1.57 9.8 6.8 2.3

7A=Y 2 E 38 30 3.70 | 16.8 5.6 6.7
AKAMATSU L 20 28 4.00 11.7 8.6 4.6
43 E 42 31 4.21 17.8 5.6 7.4

L 18 32 4.30 11.5 8.8 4.9

6 E 27 23 1.82 12.4 4.6 4.0

L 16 22 2.21 9.3 7.1 3.1

= R 10 E 32 31 2.88 15.8 5.5 5.2
X L 17 28 3.16 10.6 8.4 3.8

MOMI 20 E 36 31 3.35 16.7 5.3 6.3
L 16 28 3.43 10.2 8.6 4.0

35 E 41 32 3.61 18.0 5.0 7.2

L 14 29 3.96 9.5 8.3 4.8

7 E 41 34 2.31 18.7 5.4 4.3

_ L 17 28 2.50 10.6 8.0 3.1
AZ=2 20 E 48 37 3.22 | 21.0 5.5 5.9
KARAMATSU L 17 30 3.41 10.8 9.4 3.6
48 E 58 38 3.68 23.2 5.8 6.3

L 17 35 3.90 11.5 9.5 4.1

3 E 34 25 1.32 14.4 5.5 2.4

R L 11 22 1.64 7.3 6.0 2.7

% ¥ 12 E 36 30 2.80 16. 4 5.2 5.3
SUGI L 11 26 3.08 7.7 5.9 5.2
30 E 39 31 2.96 17.3 5.2 5.7

L 12 27 3.30° 8.3 7.0 4.7
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IREEDIREME & 200 FEIROMKHERER A (Table 7, 8) & K #A\VT29ROELEHETH L, Wit
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TREAR, BENCTRL 7o, MM CILERRERIL 50~60% #%, kit 80% Llbici s, EERRO
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DEBAIL—HTHIETHD, BEOTRAAREFVEHADKREVCI LVEEM, 77 o1 Tt
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The Relationship between Elasticity and Strength Properties

and Cell Structure of Coniferous Wood
Masaharu Suzuki

(Résumé)

The complexity of strength properties of soft wood arises from the variability of cell structure
of tracheids. This investigation was made in order to clear up many questionable points akout
the effects of individual cell structure of conifer tracheids on elasticity and strength of wood.

Mechanical tests of micro-specimen were performed to measure the variation of Young’s
‘modulus, tensile strength, ultimate strain across growth increment of early wood to late wood
‘within an annual ring. Micro-specimens were made 40 mm longitudinally, 3~5 mm tangentially, and
the thickness of them to radial direction of wood axis was 180~240 g in early wood, 100~150 p
in late wood. They were cut parallel to the grain from the macerating block using a sliding
microtome.

The gauge length of micro-specimens was 30 to 34 mm, and they were placed between two
jaws, clamped tightly. Mechanical tests were performed with the tension test machine of auto-
graph or tensilon, having the equipment to record load and elongation of specimen. All test were
-carried out air-dried samples under room temperature.

The measurements of structure were done about the angle of micellar orientation, the incli-
nation of fibrillar arrangement, radial and tangential diameter of cross section of tracheids, thick-
ness of cell wall, tracheid length and the percentage of cell wali area.

The angle of micellar orientation was determined by a new method to estimate the spread of
(040) arc of diatrope. X-ray beam was directed on wood surface of the incline angle of § (BrRaGG’s
angle) from perpendicular to the beam, and GEIGER counter was fixed at the angle of 26=34.8
.degrees. The diffraction of (040) lattice plane of meridian was shown in Fig. 2, Based on the
revolution angle and intensity distribution I of Fig. 2, the distribution of micellar orientation D
was calculated from equations 5 and 7. The distribution curves were made to the micell angle
axis as shown in Fig. 3~10 and the mean micell angle was obtained. The thickness of specimen
-of X-ray measurement was the same as the mechanical measurement, cutting the tangential section
parallel to the grain across growth from early wood to late wood within an annual ring.

To compare the result of X-ray measurement with fibrillar arrangement by iodine staining, the
longitudinal, tangential sections of 20~30 g thickness were cut from the same block from which
X-ray sample was obtained. The method of iodine staining was slightly different from the Bailey
‘technique, in that carbon tetrachioride was used to resolve the iodine crystal. The fibrillar arrange-
ments of secondary wall were shown in Photo. 1~7. The percentage of cell wall area was deter-
mined by the weighing method, dividing cell wall substance from lumen of light micro-graph of
-cross-section. The measurements above mentioned were performed on the micro-specimen from
-early wood to late wood about many annual rings of pith to bark.

The results obtained are summarized as follows:

(1) Fig. 11~16 present the comparison between the mean micellar angle and the mean fibrillar
.angle. The inclination of straight line of figures is 45 degrees. The deviation from this line

denotes the difference of angles measured from two methods above mentioned. Figures show
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fairly some deviation among them. The mean fibrillar angles of tangential wall of early wood are-
smaller than those of radial wall, but there is an inverse relationship between them of late wood
(Table 2, 3). From these Figlires, a c‘ompai'atively high degreé of correlution seems to exist bet-
ween micellar angle and the fibrillar angle of tangential wall.

(2) The maximum of radial diameter appears within the region of early time of early wood:
formation. The axis of abscisses of Fig. 17~43 shows the growth direction from early wood to-
late wood within annual ring. The radial diameter of each micro-specimen decreases gradually-
across growth increment, followed by a sharp drop near the end of an annual ring. After this.
point, that of Pinus densiflora decreases slightly, but those of Cryptomeria japonica, Abies firma-
and Chamaecyparis obtusa appear to decrease largely toward the boundary of an annual ring. In.
this report, late wood may be determined by the rapid decreasing point of radial diameter of
tracheid, but the distinguishable region of late wood is determined by both remarkable thickness.
of cell wall and checking MoRk’s criterion. These results are indicated on the axis of abscisses of
Fig. 17~33. Cn the other hand, the percentages of cell wall area reveal high increment over 50:
percent in the region of reliable formation of late wood. The 50 percent point of cell wall area.
agrees with the considerably changing portion of radial diameter. The percentages of cell wall area.
of juvenile wood are larger than those of matured wood in early wood layer, and that of Larix-
leptolepis is smaller than the others.

(3) The mean miciellar angle or mean fibrillar angle decrease fairly from early wood to late:
wood, and there is a decreasing tendency with increment of annual ring-number, that is, from pith.
to bark (Table 4), but the mean micellar angle or mean fibrillar angle of compression wood increase-
largily across an annual ring and maximum of the angle seems to be present within the region.
containning comparatively much of compression wood tracheids.

(4) The strains at proportional limit of each micro-sample are increased slightly from early-
wood to late wood, but ultimate (breaking) strains of each micro-sample are decreased with change-
from early wood tracheid to late wood tracheid (except for late wood formed at late time of growing
season), so that an inverse relationship between proportional strain and ultimate strain is taking:
place (Fig. 17~29). The ultimate strains of 3 age-annual ring of Cryptomeria japonica vary con-
siderably. It is interesting to note that the variations of ultimate strain across an annual ring are:
observed to be of quite similar tendency to the variation of the micellar or fibrillar angle. The
ultimate strains of immature wood are larger than those of mature wood (Table 4). In the case of
compression wood, the strains of proportional limit of each micro-sample are decreased and the
ultimate strain noticeably increased accompanied with the formation of compression wood tracheids.
within an annual ring; the micellar or fibrillar angles of this region show a great increase as revealed.
in Fig. 34~43. The results obtained from normal and compression wood give close correlation bet-
ween the ultimate strain and the micellar or fibrillar angle.

(5) Both Young’s modulus and tensile strength of longitudinal direction increase across-
growth increment from early wood to late wood within an annual ring. The rapiadly changeable points.
of mechanical properties appear near the end of annual ring of Larix leptolepis and Pinus densiflora
(Fig. 27~29 and 20~22). These tendencies of YounG’s modulus and tensile strength within an-
nual ring are similar to the variation of percentage of cell wall area. With increase of number of
annual ring, Young’s modulus and tensile strength of early wood, late wood and whole ring show-
meaningful increase except for some instances (Table 7~9). Young’s modulus and: tensile strengthu
of cell wall of fiber direction (Es, a,) are given by

Es=E|A g, =c[A
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where A=percentage of cell wall area. From calculating results mounted on Table 7 and 8, YounG’s
modulus and tensile strength of cell wall of late wood are larger than that of early wood.

In the case of compression wood, YounG’s modulus and tensile strength increase as well as
percentage of cell wall area across growth increment of annual ring, but they are smaller than normal
wood (Fig. 17~33 and 34~43). As shown in Fig. 34~36, Young’s modulus of micro-specimen
containning compression wood tracheids is smaller than that of early wood formed in early time of
growing season.

(6) Young’s modulus of annual ring E, may be calculated from that of micro-specimens
as follows.
g, =LES:
xS
where E;, S; represent YouNG’s modulus, traverse area of each micro-specimen respectively. The
results of calculations are compared with experimental value of whole ring as shown in Table 9,
and a good agreement is seen among them.

The stress of proportional limit can be calculated from mean Young’s modulus of micro-specimen
within annual ring (by some appropriate mathematical treating). The comparisons between calculations
and experimental values are mounted on Table 9.

(7) The strength of an annual ring is approximately calculated from that of each micro-specimen,

using the same equation of YounG’s modulus, and the results are mounted on Table 9.





