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On the Relation among the Young’s Modulus,
Tracheid Length and Microfibril Angle in a Stem of
SUGI (Cryptomeria japonica D. Don)

Kenjiro FUJISAKI

Summary : The Young’s modulus (E) is one of the most important elastic constants to estimate the me-
chanical properties of wood.

This series of experiments were performed for the purpose of examining the possibility of presuming E by
tracheid length, and further for the purpose of examinig the relationship between the tracheid length and
microfibril angle which is considered to affect E directly.

As test material, a stem of SUGI (Cryptomeria japonica D. Don), 36 year old, was selected.

Results obtained were summerized as follows:

(1) Discs (thickness ca. 7cm) were selected at intervals of 1m above the ground, and specimens for com-
pressive test were cut off successively in four radial directions. E was measured for each specimen
by compressive test parallel to the grain, and tracheid lengths were measured for all growth rings
included in the specimen, from which the E was measured, and then they were averaged. The averaged
tracheid length was presumed the representative trachid length of the specimen.

By analyzing the correlation coefficient between the E and the averaged tracheid length, it was ob-
vious that for almost all discs there was a significant correlation between them, and for all specimens
included in the stem a linear regression was recognized between the E and the averaged tracheid length.

(2) Specimens were cut off tangentially and successively from a zone where identical growth rings were
included, and the E and averaged tracheid length were expected to vary slightly. By analyzing the
correlation coefficient between the E and averaged tracheid length of these specimens, it was recognized
that no significant correlation exists between them.

(3) Measurements of microfibril angles of tracheid cell walls in each growth ring in the specimens de-
scribed in the item (2) were porformed. The microfibril angle was determined by measuring the angle
between cell axis and major extinction position (m. e. p.) of a tracheid cell wall, and the m. e.p. was
determined on a polarizing microscope equiped with a sensitive colour plate under crossed nicols.

The correlation analysis was performed between the E and averaged cot 6 (§: microfibril angle) and it
was recognized that there was a linear regression between them, and that cot § varies according to the

variation of the E which was relatively little within this zone.
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Further, between the averaged tracheid length and averaged cot 4, a logarithmic regression was
recognized, but it seems that many experiments remain to be performed to confirm this.

(4) Thus, roughly speaking, it can be concluded that the tracheid length can be an estimating factor for a
population of specimens which includes juvenile and adult wood and in which the E of specimen ranges
widely, but for a population of specimens in which the E varies relatively little, the tracheid length can
not correspond sensitively. Then, it can be considered that it is preferable to take the microfibril angle

for the estimating factor of E.

E B AMOY Y 7 FEUE) 3ARM OB E X HIET 5 5 LICH N ERTH D2, Zo—EOER
i, FEEEL E LOMCHBREL LN, HETENE 2HETHI 2 CEOBRERNTHEHDN, 1 E
CEBEMCHET S LEXxbhS 1707 4 7Y MEALFEER LIV BBRCH L0 EADZ LEH
ME L TERINA, #AKE LTI FEAFEIRAL,

BONICHERYEN T EBRUTOI LS TH S,

(1) il lm el (B2 7cm) ¥ & h, OB 4 HREELICES L THREMMARBRA % £ 5,
ZORBHICOWT ERBEIEL, 0 E MEHRBA O—Br b 0RBACE TN 2ERKICOVTR
BEEREL, FOMBEHMEYS - T, TORBRK *RETHEHEETR LT 5,

2 LTHB E L EHREEEE L OROHBBGEY AT S &, BELBOMBCs - THEDORICITE
HHBBIFRA D bR, 28ichic > T—#H L TAEL ThHEORICIIE L LERBRIRD bhis,

(@ EwxkuvTh, HEEECEVCTIEFI D &kbbh b RA—4ARRTCE 5 8EET RERRBR
ZHoWT, E LRBEER L ORMOMBBEH LKA LR, MEOMCIIHEBBIRIIFED bl -1,

(3) @QnHE®D E PEFRBH 12oWT, FhC&Ehs2ERRBCOVLT, FERREBCHEEERD 7977 4
TYAMEARIEL, 7874 7 ) A EARCESE & OEBEROEMKAOMOAXYIET HZ LiIT L
DRDI, EMHATSBEEOR L EE L REFEESC X VRO TFHEOE/,HLRD,

FOER E Lcotf(6: 17 r7 4 7V AEA) &OMCIEBHIBEENED bt B, HENEE)
oYt Exxi LT ot 813X <BHLTELET 5,

7o, PHREER & F cot § & DRICITNEBIBMcBRARD bhie s, ZORKBELTRERE <D
KRENWELTHLDEELLND,

() KRB & B % D TEBHOKRE - E ORERMCH L CIMRETRIIA T 2 70BR T E #EDIRE
LEZXDENEEDD, BEHOPNIGBERCH L UIERCHIGTE R\, LA 707 4 7V LA
HEDLHDEBEENTHSHEEZDNS,

1. & € & (£

AMaBERRE LCRIBT 2848, Thomk#maEtticow T, TOBRERS, MEERErER LD
ZLEIWAETHE, LAL, BLIEHc-> T bEATARMIC OV THERBRE 1775 & & IXBIEARR]
ETHHDT, LLOMEREYEHRLS 5L 5 REREYE 2T, Zhick > THEE L TOBEELZYIET 2
CEDEZBRTER, k2, KERAMOWER, MRERHECH L TRE P8 Eb - Tkh, &KX
RilcB L LTERIh D, X, REMEI L TIMEREL L TERDTER TV 2, LrL, BEER,
Lx Yy 7% (E) LT, SHEROERT 7HICRS55 X o Kb L b EY b - T—HINC E 2EHT
b b, LA, KMOMESENLREIREL LT, B E #RSE 5 1PBERATIRROE LS X
bhb, TOBHELT, E3FEHEMCRD S 52 &, MOHERS L OBRFEIEELDL LR ELLbID,
BECERLDBEBEIZ A » T\ 5 grading machine (313215 E ) EX 55175 LD TH B 0D TE
-1 DENZDBTHA S,

T, AMD E SAMBEOBEEME D L IO R SZTKREENB L EEZLR TV %Y, & xif, B
YV IRVEZKRE: 77 4 7V ADORICIIEIBARE D B Z LD T B,



LichinT, k7 a7 4 7 ) MEAD ELMBENREREL L TEANTHL LE2DID, FiZ, RD
Preston® i3t 8B HEERE (L) & 1 7 =7 4 7V L E A (6) & ORI EREBRY S 2 Z L 2mL, KA TERE
LTWw3%,

L=a+bcotéd (a, b: FEO

PEDZ Enb, (REEEL I E SIEOHBENH D Z ENYURFEINDIEHIT, EHIT IV IREBWTZ
DOFHEM A TRE LTV 5%, Z ORI, AFC oL TREER L E L OBFREHAN, EERY, E#ED 7 £ —
ZELTEDEERENTHLON, Ft, 7 wv7 47 ) LBIEEDOKS % 384T Preston O 23 A F oo\ Tt
FOREBETHONEEHTLIOYEMNLE LTS,

2. X B F &

2.1 #EABLUKRERD

Bk R I AT BIE AR 1 KBTI/ IR 35\ T 36 5842 A # (Cryptomeria japonica D. Don) 1 &A% it AR
LLUTHE L, D.B.H.=25cm, H=20m, ZO#HRAKICOVTITE>7ERIIKFNL TR 3 >OHEB G0
hn,

(1) #EElm EOMBRICK TS E L EGEER & OBGRORE, M,

(2) R—4E&ECRT5 E L PHETR L OBGROFEE, @i,

(3) @to E PIEFERBEZAVTi 7o 74 70 LMEAOREY L, FHREFERSIOE LOBFROR

&, R,

AED gzicow T, #EE 0.5m, 1m, 2m, - 14m 3g, #h Im S E X% Tcm O g% & H, WAL
DOHFNCHE LI ERE L TR AR L7, TOMEY Fig. 1 1rd, B0 O LHEEMRARBRR B,
~HiE 2cm(R) X 2em(T) x6ecm(L) TH 5,

@\ T 1.77m ~ 1.84m, 35k 0%, 1.84m ~ 191m CFIME 2 Mok £ 0, A—BRE LT L 51 (2
DEERTIL 20 Fh 5 30 412) Fig. 2 1Rk TEF T, E#HFTMICERL TRBRE 2R L1, Z0FERTI, FcHk
HeER AR B2 ETC D LS EEX LI, AL, ZREROA Y S TREINED L 2 & w D
3, REFOY) 0 EELCEZEYEG, R EIhs X S BE L, ABFHEROERLTH

%o

Fig.1 Cross-sectional view of a disc. Num- Fig.2 Cross-sectional view of a disc. Speci-
bered squares show the sampled posi- mens were cut off from the numbered
tions. position tangentially and successively.



2.2 WEREYIEAE

FPEDERTIL, By — o R RBH OXE —H (2 OFKRTIXIE B v, A4+ v TREREE (BEF) 10ton)
TR E A 454 50kg/cm? D A € — FChix, HEIREIZ2 BARL, L0 — EX- LREM ¥ v 7 RE
k@, FOFHER FDORBRRE ORERE Y v 78R (LT Ec L887) L L7,

FPHQOEBRTIHECIES D EAD R CHIEENEE DT, BY — U AECH D, TOFHDOEND Ec &
kdt, TOHEIL D EREBEOESLSXIRL/PEL B LIBRCHERLTHD,

2.3 & i

Ec i H1-»Tix, GKEOEBICL D Ec DREMEOES 2 E %Kk e, Ec MERRBRA XFRH
70% OBIRBEIC £ » b LICEREBECREL Tk ¥, Ec B MCHL TREBRE/R L, £ORE,
LREEH T 1I5F1%DEKKBICR I F - D TEKEHERILEL LD E LT,

2 4 REERAE

Ec BIBFEREBR R 0 — A SR L2cm 0 R X2g)h &0, 2hh bBELHECE S Imm DR % 4) 1
W3, o% b, THEC Imm, R HiAc# 2cm, L HEck 1.2cm ol 280 33 Th s, ZOHH 2 HE
e lmm i/ MEREID & > T X, MBERMEIE L1z, b bAHA, &4« OFBESRBEMFHNIIH LT T
B,

figt 3 Jeffrey Wa FV, BIEHRE A 7 Y — v R 50 fEIcih R L CHIE L oo EAREI/IME 1 Aico & 20 &
L LD T 1 B ICo T 500~560 A D REE R I his, £ LTI OBFHELYS - T, 0 Ec fHlE
ERBA EZRETHEHREER S LI,

2.5 3874 7YNEHRAE

MR D 2 7 =7 4 7Y AEABIEE & LTI 2 e HESRIBIR TV 3%, 20T, HROFEEEIC
SUWTHIEEY 5 Bicdicid, Teh S HFEMBETHMEEL 5 5 L5 eflifficHEAEE L,

ZOWETIE, FOLSEKE, b5 —ORRETIRLCERTRL SIS RIEEBSEFIRT ok x
BATALEl, REFEMEECLD :7r7 4 7V A HEANEORESLHETRILTARB I EE LT,

B & 53R D. Preston 5 X 0" Z Do RE OCEE LA, TOFIRLEHECTIET D &,

(1) %A DT THREEE % single wall &3 %,

(2 RXEMErAetEXRELEL T, B =2 20RECK<, £0 & EHIFIIEE

(B) VORKEEMED 2T — ¥ Eiiis{, — MBI RCRELERICHEL TR L DD, AT — V&K
TEBHE, —EERICOE 4EERICED, CORBRCKRLMEBIIACEARTH S,

(4) ZD4-oDWHHKALD 5 B 2 ik Polarizer 235 < 2HDIBEEIHF EED : 7 v 7 4 7 ) LD FER & AFITIC
KoTWBHBETHD, D 2 DI FIAAECEHACTK > TV BBETH 5, MiEOHE% major extinction
position (m.e.p. LB83) L5,

(5) m.e.p. HYET DI EE B (sensitive colour plate) # i\ 5, T7chb, TR EFIEDMBICIHEAT
BELZOTFHERICE > THEFREL VIO YET S, BIIAT - OxEEREI®L LI ) 4 ERELRAA
Cied (Fhobbon b FEIEKRATH D), 1A T — oREEE ICEHL LT, MOTHEIHE ERUE
fLEa A D blue KB bIEZ D L EDEKAIA I me.p. THBD, D m.e. p. (XAEINEEL TL OFHAE %
BELTHL,

(6) A7 —CHEEIFETORENL eye piece DHDOTFHOMM & % —FK I, TDO L EDOAEX LA, (5)
TRDIMBEDEL ENE RS I 707 4 7YV LOFEARE X 5,

DEDFEIED 5 b, &b EEIC/DDIEQ)TONE, Wi L TREEE % single wall 3502 ThH 5,

W. J. Cousins (3R M& #YS5HETHY 7=V LTAT A F 77 A LBk - THEEL, #EFIMNELRL

FeDb, 13¥E & - THEERIC single wall DRETCEAE T HEXRIEL TV 5, Z0FBEIL, £EL =Ko B



maceration

Fig.3 Schematic representation showing the
method of single wall separation of
tracheids. Broken lines show the
microtome cutting lines.
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Table 1. Correlation coefficiente between E and tracheid length for each disc.

Height above the ground (m) | Number of specimen Correlation coefficient Significance
0.5 17 0.789 * %
1.0 14 0.872 * %
2.0 14 0.305 N.S
3.0 14 0.665 *
4.0 15 0.776 : * %k -
5.0 14 0.749 * %k
6.0 14 0.949 * %
7.0 11 0.874 * %k
8.0 11 0.890 * k
9.0~10.0 20 0.892 * %
11.0~12.0 19 0.845 * %
% % : Signifficant at 99% confidence level.
* : Significanct at 95% confidence level.

N.S : Not significant.
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length.
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