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Fig. 1.1. (a) Two boards including defects.
5, L L, BHORMERER2E LT, (b) Respective flexural curves.
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Fig. 2. 1. Three axes for materials
0%y p=lei/e)| LEHEEINT B, with rhombic symmetry.
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536 = Ska = 2(Syam? — 51, 1%) mn — (25,5 + Sg5) (M? — 1) mn (2.8)
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Fig. 2.2. (a) The variation of tensile strength andYoung’s modulus in a growth ring3?.
(b) The variation of dynamic MOE (top) and density (bottom) in radial direction3?).
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R EL IR EREZ DD, BB TE—EOBEALZRIARVEIRTWSY,
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&
<
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Fig. 2.3. Relation between annual ring width and density?,
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AHEARMO L 5wBBAME UTREBRFER IS Z L8V, ZhicB§T2sh
FHRHBORRITELLE TV, ¥V 7REOMEB LT, ABREYSELCIhbo
YIR DRIFES, 5\ VIZLWE O BT 0 v v 74350k LOMITFHE Y fiE 15 HE /i
ERELRTWDR, DX ANEARHALY b OB T 5 R RIS 2 h T
Wit
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3.1 HMBRUF*

3.1.1 BB BN

RER R LR AR R E RN B RE ¢ X+ 54 54, AWNERHREHkE
A=V 2K, Feav=V]1RBIORKRIBFEERE > 2K ThB, ik, =LvHrc
DWTREHRIRTH - I DEOHBIC X HBIHARTETH b, BER LOMEDLD No.
18I 2% ~v=v, No.3%dbav=VEiHELELDTHS,

IRODORAKRBHEZH3cm KIEBH X LERBEYRAEBR L2 DOhb, 25X25x50
(cm) DRBRGEZTELIR IS BERLTUTFORBE L, EARE, WEER PR
@R LORBREEL ES. 1 eRTEE D TH S,
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Table 3.1. Sample trees and number of specimen

Sampling?
Species Tree No. DBH Position Number of?
(cm) (m) Specimen
1 46 2~4 57
MIZUNARA 2 & 2~4 52
Oak 3 70 3~7 88
(Quercus sp.) 4 52 - "
5 78 4~6 76
NIRE 1 42 0~2 43
Elm 2 52 0~2 50
(Ulmus sp.) 3 54 Ot i
BUNA 1 56 4~6 49
Beech

(Fagus sp.) 2 50 2~4 44

Note: 1) Height above ground level.
2) Specimen size: 50 (L)X 2.5(R)x2.5(T) (cm).

3.1.2 SRR

BRELEEC OWTHERS ICHARD BT AL HERBLEHNE L0, A2V 45
cm, FREPEMERAEC X5 HITAERBRET - . TEXERACREFA»OMZ, BEX
RHEATRTHAE L, WEIZ50kg ¥ TE LA, zolbVWeilBRbcd CrRild
IBINE 200 kg/cm?® ST ThH B, L, BREEM TRIOEN v A TREITLRABRER2E 2
HL0M0MABTRERL DD, BABLARELBZ LD, 20 X5 XSVt 120 kg/cm? T
WEETHBELA VAL ZERIRTWES,

3.1.3 MlIBEER

HFRERBRGER ROV CHARGE LES T No. 52(n=1,2,3,-) D D LT
ofc, XFHFHFIHTRIBRBOESVEEHE L, BECED E TOME~RABRND
HOREWESL b L b,

3.1.4 RoBHRER

M RERRAE S LB SEORKAOBEERL OBV LERRGCB LRI ISR
DI ORAMHEHERELER L, Z0RBIL, MBo—MyEE LAScRIE—2 v id
iz, ABEHRE M4em OREcE LHRVALZRETHL0TH S, Ry AIELHE T
BRELC2EOHEOREY Ay — L HBORLNLHELTAONS, MxBEbE—2 v
1%50~70kg-cm ‘TH b, ThX hatEShsTHE ARSI 22 kgfom? LT & 75,

3.5 ERMERMELIUARTV U HMNE

FEfEABE, MR (L), ¥EFW (R), #RHAE (T), FRERTH5° 5K (LR), #
FRTEPY T 45° 718 (LT45) 3 X OEWTTEIPS C 45° 51 (RT45) @ 6 i o\ Tfiwtz. LHRHR
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BRECHTERLKT LERBREOWBH ORI LAY, fiofAoERRRL BB X
UCROAIERBERT LIcboobnhb ARV OBFRbOEERL, EHERX YFFEDT
Wi fFH L, BAdHIVWThd 25%x25%85(cm) Th 5,

EOUMBIIKEF LR L~ T v AREBHE AW, BRIECKIT 3 8RB
RHMER XUHBBHECH LTI N0 mm IR 20mm & Lz, EHEDOY v 7 R¥Es
XORT Y vHOBECER LcRBI B2 thZThoBfco\WT £-3.2RLIC

F£-3.2 RBRAR (ESSIUR7Y VH)

Table 3.2. Number of specimen for compressive test

Specimen for Compressive MOE Specimen for Poisson’s Ratio
Species
Eg Er Er Erps Eiris  Epms ,":L"; UTR  URT  URIS
Oak 66 32 30 30 ’ 30 38 30 22 20 29
Elm 27 12 12 9 9 12 15 6 6 9
Beech 17 12 12 9 9 12 10 6 6 9

Note: Specimen size: 2.5X2.5X8.5(cm).

3.2 HRLER
3.2.1 HEEERE
FiREC L5 HEOEBEEIL K-3.1(a) 38 X8 (b) DBRFLM & () DEFLH & TIREMNAKR
bh3, M-3.1(a)Dr 54Tz, EFREIH 1mm LToHHEACIIHEEIZIFHE G BR
FRLTCNSD, 1mm PB 28ECIIEEOMMEASIIREACH D L, 2mm Ll EOFR
BE L oM TIRHEIIN 08 T—ELhoTwd, H-3.1b)D=VvHREVTHLEMitE
FXF S H ERARTD B2, ERBOHMCHTHHEOHMEERT LT FHEERE LT,
EHEN 2mm TWETHLHEITNO06 Lo Twb, B-8.1(c) D 7+ Tit, Figig1~2
mm OEHTHERXbLTHAEHEM L TRW5H, A—ERBEETIHEDHIRENC L
b, EENCRZOMNORERERBOFEBLDIEVZITHRVEELLRD LI TH S,
DEoXdwr, #@iEshEORRL ZhETRRIATYS H-2.3 0BRESEAKT
»%.
3.2.2 I PrIEH
SEHE X DI LI &5t 576 ZORBAEC OV THIE IR clIF Y v 7&K E; DR/ME,
EHER L OCBRKEYHE LD CCERIIEL & diclEilic X-3.3 kR L,
+% No.1 8 XU No. 413+ v 7GEOAREHTHER LOERIBEO S HBH?H A TH
BIERAEOHEY D - TED, No.3 & No.5 A LBEEILATRERSEELEEELD
5, No.3 & No.5i3v v 7REDOER/MEL 30~40 t/em? TWETH - T, HER I UFERH
BORNMENLIHMTER L, RIBMEELIOTH S,
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SPECIFIC GRAVITY
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Relation between annual ring width and specific gravity.
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Table 3.3. The basic properties of test materials
. . . . Modulus of Elasticity
Species Tree Number Specific Gravity  Ring Width (mm) (10°kg/cm?* E
No. Specimen min. mean max. min. mean max. min. mean max.

1 57 .633~0,738~.850 0.94~1.64~2.16 102.5~137.1~176.7
2 52 550 ~0.636 ~,722 0.73~1,07~1.56 488~ 78.8~119.5
Oak 3 88 469~0.624 ~ 808 0.37~0.69~1.19 42,7~ 96.6~166.6
4 69 .634~0.737~ 803 1.14~1.84~287 88.2~136.6~174.6
5 76 417 ~0.551 ~ 748 0.39~0.72~1.21 30.1~ 73.9~146.9
total 342 417 ~0.651 ~ 851 0.37~1.13~2.87 30.1~103.7~176.7
1 43 528~0.569 ~.671 0.85~1.32~1.79 '94,0~109,5~133.7
Elm 2 50 A420~0.538 ~.642 0.80~1.45~2.10 52.1~ 961~127.7
3 48 403~0.497 ~ 607 0.53~0.94~141 495~ 85.3~129.0
total 141 403~0.533~,671 0.53~1.24~2.10 495~ 964 ~133.7
1 49 522~0.563 ~ 610 1.07~1.57~2.05 68.8~ 87.9~109.1

Beech
2 44 587 ~0.650~.706 1.06 ~1.53~2.10 79.1~116.9~140.8
total 93 522~0.604~.706 1.06~1.55~2.10 68.8~101.6~140.8

Note: * MOE from bending test.

= VHTIE No. 1 BRIRE LIHBERZ LMD 2 KXz hic kN THE, v v 7 HREN
W hElRoTwb, 7FHDOERBIZIGIFAETH B2 Y v 7R T4 5 L No. 2 DA
it RERHoTH5B,

WEIHTY v 7651z, K-3.2@), ) BITCRFETIIEWTho B\ Th
Ao HABRER LT3, RPOERIEREIBIC L VHELICLDOTHS, +5HO
EHVWIE2oWTi, HEHOS#EAL LT 2X0ERTERETSHVEEHIIBV- L 4h
RV, 26% 1A0BERTER LTIRPR L L ) CBVCHEBRENAE RT3, &
BRLFSHIZ, HEOHENIN0ALL08EBLHbDETEEATEY, Zhidnt
BET Y v 2 REUEH 30 t/em? BB 177 t/em? ¥ TORRHICE X, v v 7REOBKEE
BAMEDHIZ 6 ATV, = VB I 7 OB X » I BVAERO Y v 7 RE R
IMED 27 (=v) BXU2£5 (7)) RELTW3, =VvEIT7+#Hovy v 7ERIIEE
CHT51KRARNTEREATICLNRWMELRDIS,
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Fig. 3.2. Effect of specific gravity on MOE.

(a) Oak  E3=360.2(S.G)—130.3

(b) Elm E;=3368(S.6)—-831

(c) Beech E»=358.3(S.G)—114.9
3.2.3 BAMNMERHY
BORBER L85t 36l £0RBAECHOWTER IR RHTORA N Bk RE G

OB/ME, FHER I URAEL R-3.4RARLI,

YV ERBE: B LR E oMY R Licr b G Th%B &R K HE I R/ME
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Table 3.4. Results of torsional test
Torsional Modulus T
103 2
Species Tree Nurr;ber (108 kg/em?) Gr Ez/GeL VE1Gr (103 kg/cm?)
No. Specimen min. mean max. min. mean max. min. mean max.
1 28 9.16~11.11~12.65 109~125~13.6 31.3~39.2~447
2 16 797~ 9.27~11.01 6.0~ 9.0~11.6 19.9~279~35.1
Oak 3 49 6.99~ 7.60~12.46 6.1~10.7~14.5 17.3~30.3~44.4
4 38 8.41~10.69~12.13 10.5~13.1~15.9 27.5~38.8~46.0
5 44 6.29~ 8,36~11.83 48~ 9.0~13.0 13.8~25.3~41.7
total 175 6.29~ 9.18~12,65 ) 48~109~15.9 13.8~32.1~46.0
1 33 697~ 7.74~ 9.78 13.0~141~154 25,7~29.0~36.2
Elm 2 39 511~ 7.36~ 9,26 9.8~12,6~14.7 16.3~26.3~33.4
3 36 5.32~ 6.61~ 8,06 87~127~18.2 16.8~23.7~31.3
total 108 511~ 7.23~ 978 8.7~13.1~182 16.3~26.3~36.2
1 37 7.03~ 820~ 9,19 8.8~10.8~13.3 224~269~30.3
Beech
2 31 8.22~ 958~1112 8.8~122~14.6 26.2~334~38.6
total 68 7.03~ 8.83~11.12 8.8~114~14.6 224~299~38.6

D2EPUTERD, BERCIBED EL B LTI oTWwd, = Vv B IV +HrcBEL
THRBT, MEEOEL DX, ZDZ L2 H-3.3(a), (b) I8 XV (c) 2 b BRI
B ENTED, MFOEMRITLE L AN MR B Y ERBEEE 5 LCER L 0T
HBHH, HEREIIF 7, =V, TFROVWTERER096, 096, 089 Lirste, ¥, Th
H3IFEY—EL TR, HEL G OMHBEREL b DL 5, 096 2E 1,

£-3.4 8 XV X-3.4 © E;/Gr DERROMFICE T, KERABIGI X 54 g
YRETHERCTHHH, SHELEUTS5~15 OBERKTBIBA - T\WD, 1off, ZDE
RTHEOLNIRAMBEEREIL 2 FREAROESF UM EELZEA L THEIhLOTH D,
WEED Gur BXUKRED Gir DEA LETH A LERETHLENDS, BRIV
HP TG LR LEDRIDERIIZ DD TH D, Gur B XU G DEEROWCIZEED
3.3.3 CidR%, FAEBRTOMITRABROLFHETIE, CAMMAMBEACEETEORIELLIR
Ei/Gir DETH Y, RAMIHEREORFENKRLZEDVRIZZOALERBRCARSMHE
D%,

#-3.4 D VE;G, DERRFWROBBhERHNEYRDHHERTH Y, EIG L Lt
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Fig. 3.3. Effect of specific gravity on modulus of rigidity.

(a) Oak G=14.65(S. G)+0.02
(b) Elm G=1514(S.G)—0.85
(c) Beech G=1643(S.()—1.08

OHFCEEOERTHSH L ELbhD, THEETS T, = VIV 7+ CEREh 321, 263
5 108299 (tfem?) & 7B 2%, FhEROEHIE TR L% s & 493, 49.3, 495 (10°cm)
tich, BRBRBY=FFVRBIVCYFLEDEEM 1L OENRFRERS55 X051
(10fcm) LEZSOEEL LD L LR TELDE, MTFRB IR VST T2 K0T
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Fig. 3.4. Relationship between E/G and specific gravity.

BAEETAEb VI ORERALNORERND LD ERNELLh, SREBRTNER
oo Loticd tBbhb,

3.2.4 EMVPIERHE

i E;

WiEHAD Y v 7 EEK B, FA—oRBSCoOWTHITS XCEMRAROALTEC LY
B S hicdt, chbRFRA—DELZRTRTTh 5. 2@ Iy B ththililf s X
VEMC DY v 7EvE b, HEEEZEATHEChLIIEREZES 45° O EcD 51k
FCh D, BRIZIK-35),0) BITEERTIIE, HHECXZAREIRS—~HLTY
BEBHZENTESD, = VRBIV7FEBWTRBRERNE XV, SEECSWTHE
BAXDEDREZAUTOKBERBLONI,

35 : E.=1.03E;—1.86; r=0.96; n=66

=v: E=09E,—041; r=0.86; n=27

75 : E,=099E,+0.86; r=094; n=17
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Fig. 3.6. Effect of specific gravity on Young’s moduli.

(a) Oak
(b) Elm

(¢) Beech

Errs=48.36(S. G)—7.26
Erms=25.96(S. G)+1.17
Erps=4147(S. G)—5.63
Errs5=25.88(S. G)—0.36
Errus=45.00(S. G)—2.82
Errs=37.15(S. G)—8.05
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DEEDOLDLEEGHEMNT A O TRAROBENRBATHLDEELLRE, 7+ T
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R, 2HMERTHSE T OEPFABRET, = VO prdVhEie D prrs HikE e T
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DEDCEVEESHERCE > CTRVESREEXRLTVWS, = vEB IV rHBLTRR
BRAEBHMRDL, EB22LRTHHD, 2EHRENIREOBRERC IV ERIA TS E
ZRTBWTHAH,
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Fig. 3.7. Effect of specific gravity on Young’s moduli.
(a) Oak (b) Elm (¢) Beech
Er=2217(S.G)+1.00 Er=2125(S.G)—054 Ep=2272(S.G)+1.01
Erri5=1379(S. G)—0.19 Ernis=18.60(S. G)—4.36 Erris=17.71(S. G)—2.75

Er=956(S. G)+2.39 Er=819(S. G)+2.06 Er=1546(S. G)—242
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Table 3.5. Poisson’s ratios observed
Species HIT HLR URT KR PRT45
mean 0.499 0.365 0.617 0.335 0.556
Oak c.v. (%) 11 14 11 10 10
n 30 30 20 22 29
} mean 0.420 0.330 0.643 0.339 0.646
Elm e v. (%) 14 9 9 15 11
n 15 15 6 6 9
mean 0.481 0.381 0.671 0.283 0.530
Beech c.v. (%) 16 12 9 8 13
n 10 10 6 6 9
Note: c.v.: Coefficient of variation, n: Number of specimen.
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H—3.8 HE: y/EDBHE @: pir/Er, O: prr/EL
Fig. 3.8. Relationship between #/E and specific gravity.

(a) Oak p17/Er="54.08 ¢—3.7(8.6).10-6,

2rr/Er=2499 ¢—3-9(5.9).10-6

(b) Elm  prz/E1=2397e-32(5.6).10-6, prp/Fy=9.26 ¢~1.87(5.9).10-6
2zRr/Er=1455 e—~2-24(5.6).10—-6

(c) Beech pzr/E1=1.78e~0-84(S5.6).10-6,
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3.6
Table 3. 6.

B BB R
Results of bending test

Stress at Proportio- Modulus of Rupture

: Tree Number nallimit oop (kg/cm?) . o» (kg/cm?) ovp/ob
Species No. of
Specimen  min. mean max. min. mean max. min. mean max.

1 17 429~529~643 929~1143~1487 0.42~047~0.46
2 14 235~304 ~452 574~ 735~1018 0.32~0.41~0.49
Qak 3 27 183~383~672 461~ 826~1257 0.33~0.46~0.64
4 20 386 ~523~621 857~1102~1271 0.39~0.48~0.56
5 21 140~302~471 359~ 697~1018 0.35~0.43~0.51
total 99 140~408~672 359~ 896~1487 0.32~0.45~0.64
1 8 431 ~464~496 929~ 987~1018 0.44~0.,47~051
Elm 2 10 281~ 388~476 709~ 883~1078 0.39~0.44~0.49
3 9 194 ~359~475 581~ 805~ 997 0.32~0.44~0.60
total 27 194 ~401 ~496 581~ 888~1078 0.32~0.45~0.60
1 9 274~327~367 518~ 740~ 925 0.40~0.45~0.,53

Beech
2 8 390~435~516 921 ~1018~1145 0.41~0.43~0.45
total 17 274~377~516 518~ 871~1145 0.40~0.44~0.53

Note: Moisture content: 10~13%.

L{KETeoTWB,

BB R BT 5 AR EE o HesRid 3 246 T 0.32~0.64 ORI H b, FHTII
ThOBETHH045 L7x> T3,

HE & R OBIfRIL [-3.9(a), () B X (O RFT X 5, HELEMF Y Y 7FRD
EH\ (K-3.2) KB LcERE S - Tnb, BRI DD EDERPRBR LI, +
SR IO M CIRHEBREN0I U EERote, K-3.10 1l v v 7R ext1 5 i
B (0/Ep) L BEOBEBRER LD THHM, HELIZAOHER2 32X > ThH5, B
K 3EEY XA T ey F LTHDH, Thbe—H LTEREREASZ LOZLHE
RSHOBRHABEDOVO L DTH B,

3.27T MEMBIUEANKRE

FIMOEMBEX RS TADRD X 5 KHAIC (260~700 kg/cm?) BB LT3
2, TREEWHOIMELEEOX 7 B CHE IR0 THS, = VI THRAKTHSH
M O 4> MR 320~580 kg/ecm? & 7o 5T\ 5,
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Fig. 3.9. Effect of specific gravity on modulus of rupture.
(a) Oak  6,=24287(S.G)—706.2
(b) Elm ap=19178(S. G)—133.7
(c) Beech ¢5,=2860.2(S.G)—861.4
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Fig. 3.10. Relationship between os/Es and specific gravity.
3.7 REGRBRER
Table 3.7. Results of compression test
b Stress at Proportio- Compressive Str- oplo
. Tree Number pa]limit ocp (kg/cm?) ength o. (kg/cm?) cpiGe
Species No of
Specimen min. mean max. min. mean max. min. mean max.
1 11 225 ~ 284 ~ 359 480 ~ 582 ~ 699 0.42~0.49~0.59
2 10 127 ~ 176 ~ 257 317 ~ 407 ~ 525 0.34~0.43~0.49
Oak 3 17 110 ~ 222 ~ 288 317 ~ 466 ~ 583 0.32~0.48~0.60
4 13 191 ~ 275 ~ 383 486 ~ 574 ~ 652 0.35~0.48~0.63
5 15 80 ~ 166 ~ 259 260 ~ 386 ~ 551 0.30~0.43~0.51
total 66 80 ~ 223 ~ 383 260 ~ 479 ~ 699 0.30~0.46~0.63
8 272 ~ 325 ~ 356 477 ~ 539 ~ 582 0.53~0.60~0.70
Elm 10 205 ~ 273 ~ 354 383 ~ 473 ~ 550 0.52~0.58~0.64
9 159 ~ 246 ~ 352 322 ~ 437 ~ 569 0.50~0.56~0.62
total 27 159 ~ 279 ~ 356 322 ~ 481 ~ 582 0.50~0.58~0.70
Beech 173 ~ 224 ~ 275 3756 ~ 454 ~ 522 0.39~0.49~-0.59
eec
257 ~ 290 ~ 352 467 ~ 558 ~ 614 0.45~0.52~0.58
total 17 173 ~ 255 ~ 352 375 ~ 503 ~ 614 0.39~0.51~0,59
Note: Moisture content 10~12%.
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FEMEHMEIC T 5 WAREOIZ T 7, = v, 7+ B TLhEhF#T0.46, 058, 051 &
5. ThbDEMEITFEEORED T L TL2BNELlh-Tky, LAREFE O HE
REOHBEREERTVD L THD, ARBTRLGAORRLTS, T, R, LT45°, LR45°
% XU RT4° FRcBT 5 EMBELEN LY, o Tl LARDT—*DhERPE
Ewiz, - Co o ; )
HAWHRE L F-3. 8 KEREY —E L TR LE, $ANEC I 2BEDE = LHICE:
TRBE TRV, 7HHTIIRBEORANMEIMEAE O Lhi 30kg/em? T E L%
o Th (FHIEDLEIC X 5), BILHOR A EE AN CILILEOBE S >b h CHEie
UCpZ&n8 <, BIlM & OBENERI RERCEBYEX 0530 LBbha.,

¥-3.8 CAKHRERRER
Table 3.8. Results of shear test

‘ Nun;b:r LT Plane LR Plane

Species ’II‘\f;'e i of
" i ,Opecimen  min. mean max. min. mean max.
1 11 138 ~ 163 ~ 199 117 ~ 148 ~ 165
2 10 133 ~ 148 ~ 181 99 ~ 120 ~ 138
Oak 3 17 110 ~ 142 ~ 197 88 ~ 136 ~ 201
4 13 144 ~ 162 ~ 185 128 ~ 158 ~ 179
5 5 97 ~ 130 ~ 157 87 ~ 119 ~ 147
total 66 97 ~ 148 ~ 199 87 ~ 136 ~ 201
1 8 95 ~ 116 ~ 132 93 ~ 106 ~ 114
Elm 2 10 93 ~ 110 ~ 127 81 ~ 108 ~ 140
3 9 79 ~ 98 ~ 123 71 ~ 92 ~ 144
total 27 79 ~ 108 ~ 132 71 ~ 102 ~ 144
1 9 132 ~ 140 ~ 152 77 ~ 101 ~ 117

Beech

2 8 139 ~ 157 ~ 178 123 ~ 136 ~ 161

total 17 132 ~ 148 ~ 178 77 ~ 117 ~ 161

Note: Moisture content 10~13%.

ARBTL, AMOBBEERCESY Wik, BERE L CIEREELRESTH
D, BEOBFHFIET LT, T, EfBSIUCTAMBECE LTSRN OBETH
ETB5FETH S,
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AFTiE, NEOERI X VAEIhieAMOMEEENERRGESR &L LTORE
CEWCEREOESLBEEYETH0E 51ROV TETFORMN AL,
M-2.1 OEK 38 2, v 3 L0 2 KRHOMM L, BRFH T3 IOERFAREL

REh—B X RiuL B-3. 11 ORBE e H, COED
VWEq 21 BROX KRB,
.tz = suortsportssdr
&y = Sy 01+ Sp0r+530R

ep =301+ Sp0r+530R
)

3.1
TR]’ = SuTrRr
Tir = Ss5T1R
TLz' = SesTLT
CCCRE S IR X OB,
L 1 _ 1
511_=’E—L, Szz=_E;, Sw—TR
1 1 1
544=“GZ, 555—_@’ %~ Grr
_ _ Y _ _ HrL
S12 = S = “—EL E-z'
_ — _Yrr _ _ Hrr
Sp3 = I3z = Er ——En
S13 = Sa1 = ‘lg': = "‘_FEZ‘_

Z(R)
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77

B—3.11 RHoBEZRXHE
Fig. 3.11. Principal axzes in wood.

:3.2)

3.3)

(3.4

Wi, Rl iie LT LT EHRC45° RO R B SR IbiBE LD L, Eq. 2.4

X 0 FEIS I EHE TR,

1 1 1 Htir 1

Fore _ 4E; T4E; T 2E, T Gz
LR C45° DEERE % 5 & ARc LT

1 _ 1 1 e 1

Erms ~ 4Eg AER 2Ry 4Grp
RT ENTIL,

1 _ 1 .1 per, 1

Epms ~ AER AEp 2Ex 4Grr

3.3.1 urr/Er & urr/Er

(3.5

(3.6)

3.7

Eq. 3.4 DHREENAHCELTRIF52 L2z hETRBBESRATLAEY, t&
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0.4 0.5 0.6 0.7 0.8
; ’ SPECIFIC GRAVITY ) °

B—3.12 #EER® p#/E OB
Fig. 3.12. Relationship of #/E in R and T directions.

TREBDOBECH > TY v 7REXEH LIcEB VT ThARIL L TW BN E 5 hicoun
THRE LR, EHLEET 7 vVHIIBRO R TWAED TG, EqQ.3.4 D 550D ptrp/Er & trr/Er
DD LBEEETH 5,

R-3.12ix, 77, =vEIV7r0{BHEORF K OWTHIEIhIC ¢/E DfE%E
ALTH%, ETFOMBEMEBIHCIML TS EHHE, BEERC X D EB L
EBRALEMELRVHEEGEZRLTEY, SEHELYIEL T, HWE 04~08 OREAT urr/Ex
=prp/Er PRI LTCWB D LI XI5,

3.3.2 Er&toMEFRE EDBK

AMOY v 7BER XCRANEERRIFOHBORERET 5 1 KRR TIRITRBTE
5T EIEE-3.2, M-3.3, M-3.6 55 WEE-3.7TH6WbnEnotc, £2T, &BEOHK
BHOSMEBENT, W OPOREVAARET5EHEOREELh LhoERALLEH L
F#3 IR LI, PERCIhOLOED EL T F MBS L BT 5 & £-3.10 %3158
bhb, ROBENPDLARDE = VD Erps/Er ZBR T ThILEOH M ohTEA L
TEDH, RHFERLEOHME L kb &5, Ax i, HEOHME X - TS
BOY Y 7GRENR 2B LD TH LVETIRARVWD, BHROY v 7HREZEZ0X S
CELVWEALLIRWES > L Ths, BF, EMOCHERKMOBMRY a:b:c S0 X
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SICEBDOHTETZ LAS WA, BEXERTIE, XV EdTHEREMOBEFRELL LD
BT EHRAERcH ERDbR S,

oo/ Ep ik, FEBRBOCHELTTRLY v 7GREH LT HEEL2#ETH5EH V00 L DD
BBMELHABETHHY, RARCTT IO, LKECIHEBHLTEY, vV 7EHEI-LED
CHTBERHETS Z LW GMERD 5 ERbh B,

%39 ERRNH>OEM L-RERE Lo

Table 3.9. Elastic constants and modulus of rupture
calculated from regression equations

Specific MOE (103 kg/cm?) Gt #/E (10-¢ cm?/kg) o
i 1
Gravity 7, T R LT45 LRA5 RT45 ( 02(34) #ng #LIJ%/L #Riﬁk llrg‘/z' —

Species

042 21 64 103 120 130 56 62 114 72 61 56 310
050 50 72 121 142 170 6.7 73 85 56 54 50 510
Oak 060 8 81 143 168 218 81 88 58 42 46 42 750
070 122 91 165 194 266 95 103 40 31 39 36 990
084 172 104 196 230 334 114 124 24 20 31 29 1330

0.40 52 53 80 100 110 31 52 6.6 44 63
0.50 85 61 101 126 152 49 67 48 36 54 820
060 119 70 122 152 192 6.8 8.2 35 3.0 46 1020

58 630
50
42
0.67 142 75 137 170 220 81 93 28 26 41 38 1150
48
42
36

Elm

052 72 56 128 114 206 65 75 50 45 52
Beech 060 100 68 147 142 242 79 88 47 38 46
071 139 85 172 184 292 98 lo6 43 30 39

620

1170

#*—-3.10 HELRFEORHK
Table 3.10. Effect of specific gravity on the anisotropicity

Species Specific Er/Er  Er/lEr  Erms/Er Eirs/Er Eprs/Er  Giz/EL  ob/Ew (%)

Gravity
042 031 049 057 0.62 027 0.30 148
0.50 0.14 0.24 0.28 0.34 0.13 0.15 1.02
Oak 0.60 0.09 017 0.20 0.25 0.09 0.10 082
0.70 0.08 0.14 0.16 022 0.08 0.08 081
0.84 0.06 011 013 0.19 0.07 0.07 0.77
040 0.10 0.15 0.19 021 0.06 0.10 121
0.50 0.07 012 0.15 0.18 0.06 0.08 0.96
Elm 0.60 0.06 0.10 013 0.16 0.06 0.07 0.86
0.67 0.05 010 012 0.16 0.06 0.07 081
052 0.08 0.18 0.16 0.29 0.09 0.10 086
Beech 060 007 0.15 0.14 0.24 0.08 0.09 0.86

071 0.06 0.12 0.13 0.21 0.07 0.08 0.84
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3.3.3 BANMMERBONE

Rtk die, AERTT 72 HFIEARR Y OESFHBHEOR VAR VELIS
FAWEERBIEBED Ger EHRBAED Gr DEBRETH 5, Gie D5\ Grr XEEN
EF LB RS TORBROEAM AR X 500BHNTH 50, RREOERBLEKR
ORENED, =TI, FMARIVELhIcY v 7R E % Eq.3.5~3. TfRALTEh%E
NGunGrr B XV Grr ¥EM L, Gir &k Gir DFHEL, EAFMHEBORY X hBIArD
DRAMTHERE G DERE - BB L, RALCEEIZR-3.9RRLICEDTHSHH,
CheD 5B EQ.3.7D prr/Er DfEl, %-3.9 O pre/Er & prr/Er DFHEXFERLTW5,

HEEBRIES I CAEES e ENCR L, +5H T, BRERTGr>Gir
Lo TV BREEAHMT S & ORRIHEETS, = v TRER GrbhiRLich, 77
TR Gr DHHRKETL T B,

RO Y 0BG LEEMEOHIZLTFHT099, EBIRFIIMNG6S Ly, HRAS
PR & b h7- Eq. 3.5, 3.6 3 X 0V3.7 TR I NS MM AR OBFERRIZILTWAHT &
NRERICEIEE his,

#F—3.11 FEE:ENEOREK (G)

Table 3.11. Comparison of observed and calculated
modulus of rigidity

Specific Calculation using Egs. Cal. av. Observed Obs
Species . (3.5) (3.6) B0 GirtGir Cal. av
Gravity Grr Grr Grr 2 G )
0.42 6.64 5.75 1.73 6.20 6.2 1.00
0.50 712 6.90 2.09 701 73 1.04
Oak 0.60 8.63 9.03 257 8.83 8.8 1.00
0.70 10.35 1151 3.06 1093 10.3 0.94
0.84 12,96 1491 v 3.78 13.94 124 0.89
0.40 487 4.38 091 463 52 112
El 0.50 6.60 6.27 152 6.44 6.7 1,04
" 0.60 841 8.07 222 824 82 1.00
0,67 9.95 9.35 273 9.65 9.3 0.96
0.52 5.94 9.00 218 7.47 75 1.00
Beech 0.60 7.46 10.54 2,64 9.00 8.8 0,98
0.71 9.89 12.88 3.25 11.39 10.6 093
334 E #

EEEDF T, =VEBIOFFB LT, L L THERERE FALOBOBERY ER
Bt 5—F, EXEAEHEE LToRBWOR LML ELD, FBRTERYENT
NETROEEHTH D,
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L ARBRCENCHEA LERSORBRECOWTESh T Y v 7Rt kB : 0
HEIRE 093 R Lz,

2. ABORD I DL EDLIDB BT O AN B FEI123F 5~15 (t/em?) DOHFHIC
AoTEY, HELIBWHEEEEZE LT3 (HEIHEK 0.96),

3. v /R EPRERE X CERRROTAHSEL W ERNEE—R LTV 5,

4. FE7V vEOv v 7HRERCRTRHOMIL, HECRTAREBKCERE TS o et
AEET, WEBMCH S THOERBRITARAENVThoBBck\ W Thhebbhi, ¥
BHRB LIOCERSTMCBETAHET VY vERRIOY v 7R ROBBEY R LR HERX
OEECBfRc { MAXWELL OMKEBENRIL LTWAHZ ERHALME T,

5. EfRB X 9B Shi EL Er, Er, Errs, Ezmes, iz, prr OBEH X hfo v A MR
AR Gir BIVP Grr REJ I M AT O AN BRRR G b THEULTED, B
KEFEBEMC L 2ENEEBOBRRABAH R LTCL R BN EET D EREIDD
hic,

6. A OBEREHOBRIEBEC >V TERETh—EDL DT, HEDEL
CHSTIhDODOBERIEMT B EAELNERoTe, LERST, HORGRRYEREL
LTZh& DBRALMOBMGRED 5\ TEEBESLHET IS VIRIE, T LERNE
FTEBTRIDERDDHEELLRD,

WA HTHOREER

4.1 HHEXUE®

411 BEBRHHE

RBAELTERR LI ABEORERD 5V IIEAORREIKRDE B D TH B,

FEwy BANRE; BREB20cm, ER16cm OFELDTCEAE T ALK, ERIENE
, BERZETLIRAN LD THEIS KRR - A H % Rzone #, ChEFMHEOSTOE
CTWisWiBarab o 0% N-zone #, ZhbHDOPHEEHS DS D% M-zone # & F Lz,
-, WEE; SHE; RATRIKIEN T, Bo0ed Theatd o, BREREEFH,

AFav: HBRE; EE25cm, BBROMADRPROLRENRLL WA, HHHcEs
DERAPLBDTHEETD LM Ihicb D, EBEHEN, b THECEEBHELT W2,

Yo sde: fRE; ER22cm 0ARIKT, EMOLACREOHBREYE L, HoE
CRMEEVCERL LY A e, EARAKALBEOM ETFERRVBRROORER L,
EEMEN, BTHETEHLTHS,

Y=g v: fRE; EE30cm WH\\WSERREH LK, B0 Lfilcys &=
LRAROBTH LM IR BHBLEATHS, EEMEN, bTHLHEIhEL02 T L
L,
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4.1.2 ghiTWtEERR

PBRATESICRERIRALIDERYITH S, Bl LEERLLRED LEABRKT
BB S ERBI Dhinh ook, P EBRFFRETIIBMET L A< v TRAL
—BT5X5EE L, MFAERBIT S THEMYE, PREPTELECI VTV, B
ARMEABET CRHELL, HTRBRORAAVYEBIVPEAVAVEEA2DLEE)TH S,

41 BMTRBRRA
Table 4.1. The specimen for bending test

. Cross Section Length Number of Typel) of
Species Y
(cmXcm) (cm) Specimen Wood
38 N
Fir 2X2 34 { 14 M
17 C
25 N
Ginkgo 25%x25 50 {
18 C
25%x25 50 22 N
Ash { {
2%2 34 25 T
37 N
Aspen 2x2 34 {
12 T
Note: 1) N: normal wood. M : intermediate wood.
C : compression wood. T : tension wood.
»®—4.2 HAERBORE
Table 4.2. The condition of stiffness tests
Cfr (?Isi s Section Bending Test Torsion Test
Species of Test Piece Bending Gage Shear
Span Stress Length Stress
{cm X cm) (cm) (kg/cm?) (em) (kg/cm?)
Fir
Ash ] 2X2 32 70 16 12
Aspen
Ginkgo
25%25 45 110 14 17
Ash

4.1.3 MONMEER

Ry AR TR, HTASERBR TRORBRA 2 L0 AV RYE—2 VI ERVAYR
WE L, AEOMBLHEOHE CRBA M- 2 @BogEoEKEL Ay — L BRHDF
BEBZERIVTolk, RBIORRTH LDHOLALRAMMERBIZINCI AL S
Ao dothsd, BYANEDIHOFEOMMRHRIS LB Vv i R4 2RRLI,

4.1.4 fhiTaEE®

FF=Y, 4FavBIOYF Ao, MFRITRVAIBRBREZKRT L
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OHLEREI XY, Y =77 oW AEL - RBRA (I 2.5%2.5cm) 20 &
ZEALE, BFA-vIE2Xx2cm O# T2 32cm, Wi 25%25cm D3 Dt 45em &
L, HERWThHhREPHETDH 5,

4.1.5 EBEBRHELUR7T VO EOME

T BHEEORBA RS L 0 ERRR R KR oo, RETHEL P FYHT2x2x7 cm,
ZOMOMTIX25X25%x%cm & L, ZOBRBRTREBY — oL VBESROEHELHE
LTy v 7R EREH L@, W 2h0BRF e oW T BELRBcMEL, &7V Y
HEHEB UL,
4.2 HEREER

4.2.1 HEEERE

P F=Y TR, EWH, PREM, DTHONK, AToRERKELABROAT, KE
EEREIAEAL, RIEERDHTH TR, HENO0T 2B ERIEL 8 mm i\ DA
Bli, foo 3BETE, PHHRETIDTHOFNKER-TWEHDD, ERIBTIZYF
FEHTHRHTLRIEVEIITLAR LoTWb (E-4.3),

4.3 FEBOLELFERE
Table 4.3. Specific gravity and annual ring width

: " : "
Species Type of Specific Gravity Ring Width (mm) Number of
Wood min. mean  max. min. mean max. Specimen
N 0.314 ~ 0.389 ~ 0.420 153 ~ 278 ~ 512 38
Fir M 0423 ~ 0478 ~ 0539 194 ~ 364 ~ 583 14
C 0.503 ~ 0.640 ~ 0.705 415 ~ 510 ~ 713 17
N 0.407 ~ 0.450 ~ 0.490 195 ~ 3.69 ~ 504 25
Ginkgo
C 0.427 ~ 0.489 ~ 0.529 237 ~ 341 ~ 492 18
Ash N 0.614 ~ 0.654 ~ 0.708 184 ~ 297 ~ 506 22
s T 0.6256 ~ 0.689 ~ 0.765 226 ~ 314 ~ 610 25
A N 0.372 ~ 0418 ~ 0.542 222 ~ 445 ~ 925 37
spen T 0422 ~ 0491 ~ 0560 257 ~ 3.88 ~ 6.00 12

EEHEDTHOFHEHEIZR-4.1(@) O b F~ Y CI2BIBXA 235 M-4.1 (b)~
oA+ a2y, YFLERIO Y=+ 5 w0 SBETIE, ERBOSGRENEEH & 5 TH
TRIEFLY, ZOERTHEALLr P~V S0 3BT, DTOBEN TR EEET
gk ol L bbb 5D, ARNCE THEHMIhIHERVTH, FRFOWMELTL
bbbV ERBLME ST,

EBREOERH B IVD THOLES XCERIBOR/IME BAME PHESE—ELT
F4.3rRLI,
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4.2.2 Yo RH

HEELY v 7HREOBRIR, R-4.2@~d)RTERDTHD, P FeIyHREWTUL,
BEAOM B LOEEHOY v 7REEEcCEMLTHMLTW5, LAL, RHEOHE
XOBTH TIHECEEEREALCY v 7REIE L, HE0.6 L EDORAYRSTH T
kv vyﬁé&;bimt/cmz'cm&"@—%ﬁ& foT\Wh, 459 1« VHCIRELEOHBEEHEN ¢
=V OIEH VB LTRWY, EEMTRY v 7 EREARBECHA LTHML, »TH T
50 t/em? CWEETHADTHRE, WELY Vv /7REOBFRIEL F=yoiEb it BT
W3,

BEE2EOBTHOED VR Th EXNBIT, EEHOY v 7 REHAD 5RERN I
LTW3ORMLT, DTHTRERE LY v 7HEIHML, Y~ 7 YHTiR110t/
cm*FB2AHLOLHBTE, COEMILYFXESHTCHTILREZE R D, 200 t/fcm? %8
25bDHHEbhi,

4.2.3 AMMEREK

B THORAMBRREC OV TR CRED HREEME SN, Thbb, b Fev
BITAFavBTHTIE, ¥VI/7BEOED LM, HEOHME & i Almke
BRRERBBEGRVLEALL T, R-43TRT LI, P F<YDE 04 EOERMH
DR AW HEERBIL 5~T t/em? THAHDORH L, HEO05 T DM T# 10 t/em?, HE
0.6 LA LDBAE RS THCIIM 15 t/em? Linh, EFEHO 2~3 fEofErRd, ¥, f#ELO
REFH EADRBRBRETIE, REWN R THARIHL TRANBERROETIZA
bhisi, '

B-4.3() D4 # 2 vHOEBTS, + K=y L AROEARASbRE, Fibb, E
BH TR AN BERED 8~10t/cm? THHDOEM LT, HTH TiL10~12 t/cm? ¥ THM
LTCnwaz &5,

ERo2HEBrd LT Ys £ 2T, R-430)0bHbhklde, HE06~070
EHH OR ABBHERBLH 12 tem? T—F & 7L - TV BORK LATHTIE, KENARE
UETH-TH10t/em? UTDHORELAbR TS, ThiZt F YR IUAF 2 vHD
BBV ERLHDBRTHD, v+ I T, EEM, HTHEITEANBEERITT
HELABRRE B LADhDH, TOHEIEEHCEBELTHTHOHIMNIWE S TH
% (X-4.3(d)),

4.2.4 E/Gil& VEG il

BEOEREBET TR, AMBRD -2 v I R2ABL, TANEERESHOEHEE
YEBNCELT HEBVZERTE D, BEDILH L ANBERKOBEIA ¢ v &b
WO RO HERIN I RROMITIR BT, RAMMTMESRE LCBbh%, 2O WETEE
BRI YV SRR ERANREREOR E/GTH B L b, WED M-3.4 L A
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O: normal wood, ®: reaction_wood.
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Che#fiics by, LEYHEICE ofﬁﬁﬁmbb\ff’ﬁ@ Lz 0p M-4.4(a)~(d) TH 5,

FCRARLL 51, SHERBTHTIRY v 71ER E2VNETRD, RAMBERE G 2
K&t Bled BG RN sD, FEEBOLTH TR ENK, GHRhListd, BG
IS ERH OB\ X D bR LRV ESIEARSh D s, B-4 4@ XL bt F=
v E#H O E/G B33 13~22 OIS 5 i LT, HEH TitkEo Mt » Tl
DU, HER 6L EDSHTH TR E/G 5 T ET—ll% L T\ B, ¥ RRREH & &
HENBHO EG RERHCHB LTS L issTH D, Ebbie T2 MM ICEWE
BRLTED, KRB & HTHOMEEE DY TET S b0 & LTHEEEG SO
B, A F avHOIED VY, TOBEMIE FeyH el AL T W5 (K-4.4(b)),

T L2 TR EROSERM &2, EEM D E/G 3 7~10 TH DD L TH Tk
8~24 LTeH P F=YBBWIAF a VHDIED VW EERFOBERER LT3 (H-4.4(c)),
Y2F I UHOIEB I MOBEE KT 5 L T OERFEE TV, $HERM KD
BEEERLTVAELRBZ EMNTES (R-4.4(d), D b0 4EiEL—ELTHRD L, E/GET
MIOEERE LTHTHEEEH O HEARINTESL L5 TH 5,

FA4 WL 450 FIT )R LA VEG 13, ¥ v 7R & R AMBERROHR
¥/ TH Y, BOROMFESCURBHhERGEYRETHETH S, ChIABEOHE
CEWTREMBER ShB Lo cd 0T, —EOMBEOAMTE b inliTHIEY R
BRLI>ETHIE HBRZEY LTHRVEEMT 2 HACEL?STH S, HHEDOTHIHE
CHRDE, ¥Y=F T VIEEHD 23 tlem? 2B ¥ F £ HTHO 385 t/em? & Thvie b 5Kk
A LTS, Fh, 193 VHEBRESTHOEG REEHOERI D KRE K- TW

* 4.4 EGxIvJEG
Table 4.4. E/G and JEG

EG 103 2
Species Type of EG VYEG 103kg/cm
Wood min. mean max. min. mean max.
. N 129 172 222 207 25.3 (64)* 284
o c 41 66 119 273 316 (56) 359
R N 8.6 104 140 244 28.7 (64) 32.3
Ginkgo
C 3.6 50 78 21.0 24.4 (50) 30.7
Ash N 49 9.2 11.8 16.9 230 (55) 28.0
° T 10.0 113 132 244 297 (61) 35.3
N 6.8 83 119 30.3 330 (51) 36.0
Aspen
T 84 15.1 235 342 385 (56) 444

Note *: Values in parentheses are specific flexural-torsional moduli (X106cm) or VEG
divided by average specific gravity in Table 4.3.
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Table 4.5. Results of bending test

. . Modulus of Elasticity Stress at Proportional Modulus of Rupture
Speci Type of Nuu}ber Specific Gravity Ep (108 kg/cm?) Limt osp (kgfcm?) a3 (kg/cm?)
pecies W 00 d O. R
Specimen min. mean max. min. mean max. min. mean max. min. mean max.
Ei N 8 0314 0379 0415 588 1061 1250 320 513 600 489 755 914
w M+C 8 0448 0606 0501 677 808 1024 395 473 575 625 924 - 1108
Gink N 8 0405 0446 0491 644 847 1001 292 404 498 654 791 929
mnxgo C 8 0458 0496  0.530 392 577 917 188 319 508 558 701 852
Ach N 8 0622 0669  0.706 804 952 117.9 235 308 376 848 972 1145
s T 8 0629 0682 0.714 960 1561 2012 281 454 608 996 1161 1377
A N 10 0363 0394 0416 485 661 780 205 288 355 478 635 724
rispen T 10 0406 0462 0500 552 758 960 220 275 340 523 664 765
F146 EFHABER
Table 4.6. Results of compression test
. . Modulus of Elasticity Stress at Proportional Compressive Strength
Species  Typeof Number  Specific Gravity Eo (10 kg/om?) Limit ooy (kglem) o, (kgjom?)
ood Specimen min. mean max. min. mean  max. min. mean max. min. mean max.
Fi N 8 0.306* 0369  0.400 65.1* 1152 1431 215% 316 380 '290% 412 479
. M+C 8 0457  0.605  0.694 708 868 1019 ‘285 316 345 435 567 647
Gink N 7 0395 0429 0452 758 946 1119 213 287 361 349 404 448
nkgo C 6 0441 0469  0.494 444 676 943 151 217 282 343 380 422
Adh N 8 0620 0658  0.689 824 979 1226 198 220 279 401 440 493
s T 9 0598 0675 0703 928 1716 2196 205 330 419 433 519 575
A N 5 0371 0390 0427 618 796 962 130 195 250 313 387 372
spen T 7 0393 0431 0458 674 889 1228 160 180 205 273 329 384

Note *: Specimen including pith.

(HT) BHEWVTS L0 UE T o X

199
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5, L, thboEx thPhoBEOPHRE TR LU THERES L ) ORETHS L
F-4 4 DEMACTT IO 50100 cm 75 64x10° cm OFHEEENA T3, LEE
DOBIRIL M-4.5(a) B X OV (b) K EM L L EME ThTh —EL TR L, WThilkEdE:
RREEROTHEARFRE LD, TOBEFAIELVWELALRDA, SHESD TH CIRRIERHK
B LTEWVSATHEB L, EEBTRITHBCLOHEVWEXE T35,

4.2.5 BUHSIUVERREER

RBERIERASBIVRA6LRLE, HKESIOCY Vv /7REcBE LTI hETR
BRTCERDLDEARDOELRL TS, HITHARBEIL L F*YBITAF 2 VHTHTE
EHEDLETLTWAS, BFBHERRCESVWTRF F=Y 3 THBREEM 2 EEbo T\
5, BEEM TRYF X2 THIALARE, BEARLICEH Lo TWHORF LY =
SYMTCREEH ERERZLE-TWS, L, ThbORMENDMITFHERREE HTF v
V7B O oo/ Ey R BH L THET 5 LEHEBELEB L TRULHAC RS ERY LD
LB (4T,

EfRBRCRVTh, BEOKXRNMIRIBFIOEDVEREARTHD, K470 o/E:
(BARHLAEMED) CTHET S L, $HEBDTH TEEH O 1.3~18 1%, KESD THTIZH
CL07~09 5L -> T3, TOERTIISIRBARIIT - Tolnnied, fvf, EfB LU
FIRBEOHMOBRI OVCTIIRH TERLr -0, SHRIALOBENNERIAIE T
HoBECETAIMRE—BERTIL0EELLRS,

¥—4.7 o/E
Table 4.7. o/E

Species Type of Wood ov/Ep oo/Ec aeploe
_ N 0.71 0.36 077
Fir
M+C 114 0.65 0.56
N 0.93 0.43 0.71
Ginkgo
C 1.21 0.56 0.57
N 1.02 0.45 0.50
Ash
T 0.74 0.30 0.64
N 0.96 0.42 0.58
Aspen
T 0.88 0.37 0.55

o/E: 10-2; suffix & denotes bending, ¢ compression, p proportional.

4.2.6 R7Io1

RT7 Y VHEROWTHABRFHL P, BOREEIARRETH - Ioled, HEREIZ O
TEEPMBRBED, P VYD TH T ror BIV e NRERBEENBORE, LhL
OBV TITIAL A REBERREDB R -T2 (F-4.8),
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4.8 pt pE
Table 4. 8. Poisson’s ratios and #/E

Type of Number of

Species Wood Specimen prr PIR #2r/Ee #zr/Ee
Fi N 4 0.382 0.351 3.51 3.04
ir
M+C 4 0.543 0.441 6.44 5.25
. N 0 — — — —
Ginkgo L
C 4 0.533 0.419 8.73 6.82
Ash N 5 0.527 0.406 517 3.99
s
T 5 0.459 0.414 2.55 2.22
N 4 0.426 0.391 5.23 5.08
Aspen
T 3 0.461 0.383 415 4.09

Note: p¢/E: 10-6cm?/kg.

1.3 E ¥

BTHZEL I FN=Y, 453y, YFLEBIVVY<F5 v OARMPLRRLIERRK
%, AREBRCKBTAMED B VM AaLEPERC U THBRHCERH D THEIEL,
ChHROWTHE, FRE, Ty v 7RE, RO I3 AMBEREE mFhb0E
BHERSIOHET Y vVERERAE L, BEIXDOISCEHN IS,

1. 2 THORKERZVTHOBBIEWTCIEEM LV EHTRERS T,

2. HFREIXF Py THRSOCTEEREMEAS R, toBEcis - TisT
L BRI RE b o T

3. YV I/7RESESSTH TR TIORN LT, KEMS THTIIHCERH LY
hRERST,

4. BAMTEERBIZY v 7REOEB VWIS, P FeYB IV F 2 v HTHTE
EMIDIRERD, YFHFEBIVY~F+5 VT IERS,

5. E/GEIXSERD TH TR A~11, EEMTH9~22 Lirh, KESD TH TIZH 10
~22, EEMTHE~12 08B AS, ZThEI KRENMCRNIE/G=10 RIEEM & HT
HOBERMBEEL /L5,

6. VEG fHIKHER & h RFESRNCERT 52, BUKES ) ORBRETS L,
SHEMDTIH TV REBD CHTRERD, Tl Offil, $ERD K LLERTER
1% 50 x 105~56 X 10° cm, $TEERIIEH# & ILZER D CH T 56 x 105~64 x 10° cm. DFEFIC A
5T\ 3B,
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WS FOHOMMEEN

5.1 HEHEUHE

5.1.1 REBH N

tBEEE= Y BIV F= YR RREREE X 2~22cm, (B10~1lcm, £
150~210 cm it EF 73 &5 40 KR ER L, MHcBhickms LT, BY, »
T, BREh:Z D5, ChHORADI BT, HEHAOHEKRELKRES AL > bOL LTH
DAER L FOMNBREH LTHUTOERET -,

5.1.2 RBOYPVIREORE

RBRGEOEIFHOY v 7 ERS i RAOME LEE ST CHlET 5o, B-5.10
HBRORBHAEY -2 5EFR L, Zhik, 18cm

OPEEOFRR 10mm A b v — 27, FE 1/100 mm D @

FA vy — o 0REYEE LIEEY LD, RBEO I~ I
EROLBORT, BWFCLVAELS 18cm KioH 47 180 mm 17
REBEHUETHEOTHS, RBEL T, 5ED B-5.1 BxucH
HERY 2ecm B THBR LCZLR(F A4 Y1y — o Fig. 5.1. Deflectometer for

18 cm section.

EoRREIL20cm & 72 5), 2 SHMERK X5 —HliF = —
AV VEBCEMBERE UsEELEZHIE Lz (”-5.3(a),

BEROMEY 5~10cm FOBE L TEREREL, £ ~ D gl
REROHBTOY v 7P ER L, 3
c B!l—x

5.1.3 BHROTAMMEREOAE | 180 mm |

o 1

Ry AarRlET 5ldic B-5.2 KR TRIEszE 5.2 @b ANTE
BLi, ChilgF4vrr—cAGBeBELEDOME  Fig. 5.2. Device for twist angle
A B, WETFLEICETeBHTIHC Dbt measurement.
55D ThHbH, cOWERY, RBRELOEBOMBRFE LK 18cm, BIcm ORFH
DABACH A~D BR—FKTHLOCEE, HHo—miciRye— 2 v ieMmxs L, S8
FA—TFERCD -4 BARAATACEMNEZE TS, OEDVDF A YA 7y — L DOFAI
EHFRAOELMD 1/2 THHHD, 18cm KEORIAIXEM % d(mm) & LT, 2d4/90 &
T£%,

B AB BRI E MR CBETARRC I VEH L,

= M

GC=T¢

T, M=Rye—2v}h
=HMNXEEDIDDOERDA
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_a%b 192 g B35 1 nxb
7= (1= ZH 3 TE S ann )
L, ABRMEEHOARY a, b &L, a<b i UTRERAT S,

Boe—2v M IRABREORBCRAT RO ERCELBITIFAz Lt vm
2t, RBARCE UL RAME AN 10kg/cm? IR E B X 5@OHEERH/A L1,

5.1.4 BT EpaE

—RiCARKHOMT Y v 7 RBEOWMERC S WTL, HHYRENRWRA A CHEL, £
HWEID L2 ETNESOANEERAIRCAAvBROBELZYHE LHEIRS. 22Tk
5.3 (b) % X 0% (0) IR L 2 MO FECHADMERT » 7, WEL, LRORBHEZME
DUED L A—OREEAT (—BlF £ — £ v+ KH) T80 cm KEOhREEHEAET 5 b
DTHY, HHERXAY80cm OFREPHERMF CHEROBELEMET S0 TH5,
XV ThoiEd e b i3 100 kg/em? AR & 725 & S ki,

Mﬁéhb?vrﬁﬁu3ﬁﬁ&tbo@ BTFTirzhb®XA3 2o, K-5.3()
THEShicdibhk o ThX DEH éhé Y v IrREE Es T 5, DU B-5. 3(b) Tt
ZThZh ds, Eg, BH-5.3(c) T2V By, E & L1,

(a) MC V‘Qﬂ_ f)m

Mis
chm
R ¥
ﬁ80
) P
(c) — - X
"
1=80

B53 ® B H &
Fig. 5.3. Methods of bending tests.
(a) local deflection measurement.

(b) center deflection under constant bending moment.
(c) a concentrated load at mid-span.
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5.2 #REER

5.2.1 HEFHCHEITIZMBHEITEOAOEY

HRAMCH > THAB IRV ALZAEL, ERONMESLYEE L LCEHEHEOME
EXESRTERLILLONN-5.4 ThHH, MEMBISH5L10cm TH B, BIELE
DIEXESRIFTRE 0D, WEMBL IORASTHE, dbniiiEssdshsid
Thb, HPORLE POL 55 P22 ¥ Ciz=v~=UHT A0l 225 A1 X TiTt F= Y HT
55, FROLBRCIBBRMRACLAONSEBELRREADAY » 7%, FREIVTRCES
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Fig. 5.4. Longitudinal variation of modulus of elasticity
and modulus of rigidity in percentage.

Note: Figures in the sketch denote knot size
in mm, CW compression wood, S split.
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i) Whoks |

REICHMROFET 5155\ DR ANBEEROEMITE L, BA RS
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Fig. 5.5. Reduction of locz/z‘l MOE. a: reduction factor.
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Fig. 5.6. Effect of knot size on MOE.

®: sunod knot, O: loose knot, D: edge knot.
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5. Egx&fmiEms L“C?E%’\rﬁjihofﬁ"FL'Ck D, ThfHoBCoERIERE
BORTWAEADIRS, DX ELDE, ZOROERMASHEHTRATELLTHS
CERZDOMBHORRL - TS LMl Thd, INLRRAKOY v 7 RBE RIS
&, ZOWDOEMR T 150 t/em?, FH¥ TIix# 130

tfem? K7z & #E S R D, T Lalmln]m]s IEsIEi—f @
12P I o, 24, BAKITI0A e W
\a o/

W F=YHORATHBE, WThd EEOEHRA
BERTZERIRMLLHLNTDH S,

| o

5.2.4 By Eut&U F OB - i — @
FERTIIE-5.3 CRT3BOHERLIY =T
5P 15P 20p (e)
BADHERZToT. 22T, Zhb 3EDOH (kgem)
FERI DL EDORY v 7 REOBHRL & - 4
1 (£)
LCx 5, 4 (em)
DHEHBEOEED 80cm XKD v v 7 EE% 5.8 E»to E0RME

ERHLT, 10cm KESLehbENRS EDBR Flg 5.8. Calculation of apparentzMOE. ;
' (a) local MOE’s assigned to each

fekTd, 2OV v IREE E~E LT, section. }

3 . e (b) moment M applied to ends.
B-5.3 (b) D R THE S h % FREEH On 3 LT (¢) induced bending moment (M;).-
M-5.3c) DX\ DR RBFELRGIZF-5.8Xb (d) load P applied at mid-span.

_ (e) induced bending moment (Mp).
FEIRS, (f) bending moment (M) induced
) —BE-XY FMEBIBELHO by unit load.

80 cm R DO HFRBEL 05 1% R-5.8c) BXTE DM BIOMIVRDX >l b,

1

Oy = EIs M, Mdx+ EIFMde+

+=F T f M, Mdx+ EsIS M, Mdz
z?u(&+;i+g +;~+; +§ +§}+é> (5.1)
7, |
Fatn = | e = 5.2
5.1, 6.2 kb
32 |
&fz6%+%%+%?Péﬁﬁ%+é%+%%+%ﬂ (5.9)

i) AREGTEPERIBIEIH0
BW-5.8D0MBIOMLb,
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EIIS M, Mdz+ EIS M, Mdz+--

g\ Mo Mz g (0, Mz
—7§¥<E—+£;rg—r§-rE-+g-k£4—é> (5.4
B, = S:”Mz Maz = 3230 p (5.5)
(6.4, (5.5) % b
Eo=(~1_+L+_+37lis . (5.6)
E '"E, E E; "E,  E, " E

Eq.5.3 5 XU5.6 2 kETHLHALIRI L, EFWH70Y v 7HREOLED ¥ v 7k
BT 2R 5RBRHELEBC I TR STV, Thbd, bbb dHhRICE:
BaoOx v 7ERBOEBREKE D0, FREPHEDED WV LOBRENIAMCKREL K
BT Ehbinb,

PEOHERXAEROBRCHE LEHEL OB ETT -, 20D\, Eq.5.353%
Wi Eq. 5.6 T 5 E\~E; OFfHIZ, ER Uiy v /7R EOESHHEY 10em Z L5
HLLOXEOFREERE L 5 TcbDTH S,

R5.10X5k, WGEORBRHOLTHTARS L, HEMBREMECRS —HKLTHS
Z ERPh B,

5.1 EHUWELHEEOHE
Table 5.1. Comparison of observed and calculated MOE’s

Number Eg in Fig. 5.3(b) E, in Fig. 5.3(c)
Species Spe(?ifmen Observed Calculated %‘;T Observed Calculated %125
EZOMATSU Spruce 22 119.7 120.9 0.99 1149 119.4 0.96
TODOMATSU Fir 18 1154 1174 0.98 110.8 116.9 0.95
total 40 0.98 0.95

KRR ER G CRHO Y v 7RROEBHEBE L LD BIEHL, ok 2i¥80cm
DEBCHELTAS » — 5 — LA LYY BE LisnbhRETHER L, +OBOHE
ZEREOCHET HEECEHHO Y v Y RE L ERNET 5BV EL S, COEbL
ODRMIDY v 7R Eq. 5.6 KREH Y v /7 FROERXIECTS LTRA LHERF 2T
LEBLRBBITHS, 4B ONTRE LIEEY M-5.9 0SB TRLTVWS, —HE—
AV FEEEEF 5 18em KEORBATEC S &3 v v 7R EOTE i () kg3
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Fig. 5.9. Longitudinal change of MOE.

solid line: observed succesively by the method in Fig. 5.3(a)
broken line: calculated for the condition in Fig. 5.3 (c).
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B R AT B,
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A RANTEEGRS TS T LARMNT B EANKS R,
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HOVL DL LTAMEDL DR EL, ZOMFY Y 7ERCOVWTEE LT 5,

RE, EXHHACHBERAER LTV AHEE LTREDA T3 0L, BRAPEK
DISEY YV I7REOREDFERL G LBEIREEE LL0, K/ 2HER LERFES L
BRA—T 4 IAFE - VPRIV RITAEREELTIC =T 4 70E—-F, dB0iIRchb0
HEHORBBEAMENH B, LA LIZALDOHHI—BCE I HE THEMITEH FRcE
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B LCHAREER & 1x7e DT, TOKRIE X 300
RN B bR s EROERERICEL e
Lo2bZ el b, Ey

—ERATORES O Y v 7 REOE
BBl Tl K22 0B RARESR
TWVWaBRD, DY v X FREITERTACE 20
BB L2 THlEERd D
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BRI TR b ERAC N3 A R 2R
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LT 0B hicliT B ER % 5o 15, &
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]

Modulus of Elasticity

K-6.1 D2k R ECRSBETHHERY %, 3 W
B, LT TRIOEREY AN OFHICH Distance from outer face
FLC, B S R E O RBH THE S B61 =9 y7 /REACERES
. Fig. 6. 1. MOE distribution across the culm
nERMOMTY v 7B E >V TELT wall of Moso-bamboo (Phyllostachys
FAPA pubescensp).
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6.3 AMKICEBMIPY IYREOED E="gz v'~ " v+20 (X10%kg/em?)
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B, EREOY v 7 EROBBRAE L, MENCEEh2EREOP VAR TIE, REML
BrIsEBRNPLIREL LD EBbRS,
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— - — o n e e - e W -
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=l o= Id:\vf }Annual ring

31 } Annual ring
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El—6.2 S#HEcHVHevrioREOKRY

Fig. 6.2. Sampling of test pieces having an equal thickness
H to the ring width W.

AROEMBEAELDHTEBVEEL TR, FRER»ORRA LE X COERY d LT
g, B-6.2e7TX5d=0 Db 3RARFOETEATESRERCE LTV SRE
7Y, A W2 LR ERERPRRA PRCABTHEB VL1, A=W TCLI1RHIRT L
CTORITBRL LD, KRB O LERATOREY v 7REOFMERD 2RATET L, Erix
BHRRKDOY v 78E, E REHBKOY v 7RE, WRERE v REFREA»LLHMY
HANHIOhHEREE 25,

E,—E, 2(Fy—E,
Ey = szE Yy — (E&;E)y+Ef (6.1)

TDX Y v rRES T b oARM (K-6.3(a) 52D, 18 B, #e\v H(=EKIE W) D
BEOCHABRIE ZERBE R ML d TR h
A ENSTH U EThIZ(K-6.3(0b), £
DRBRFAD Y v 7R FFiix ®-6.3(c) D
R E B, =

ICERBEWEREMSERILL AW 5
EXTBEa TRT L (0=a=1), Eq.6.1i1,

Euy = aip+by+c 6.2) = B !
etll, a=E—E,
b=—2E;+2E, y i
c=E;
(a) (b) (c)

‘I‘i, *%ﬁ‘&ﬁfﬁﬁ:ﬂﬂi %hft@ﬁ&ﬂ‘ E—6.83 REAkHoO ESH
CHITIRARE Cle Ty, EXNERNE Fig. 6. 3. Distribution of MOE in a test piece.

et W5 REDD LT, »AWHERE (a) cyclic change of MOE in radial
, direction of wood.

B ABRELDONEIEI LiHhuEkbi (b) a test piece with thickness H cut

v, RO R B AR EE S 2 & Tl out from the position d apart

from annual ring boundary.
{¢) MOE change in the piece.
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0 l—a

1-e 1
[ +Eww-2Bay+| LEow-2Ba=0 6.9

Ew i3, 0Sysl-a i\ Til,
Ew = aly+al+by+a)+c (6.4)
l-asy<1Tix
2
Ew = afy-(-a)f +b{y—1-a)}+c 6.5

EhBshb, zhb% Eq 6.3 cfA LTRIFT,

- daa(a—1)(a—2)+E,+5E,

2 4(E, 13K, 6.6)
Ef/Ec=5 é:?}’u‘f,
1= 8a(1—a1512—a)+5 ©.7)
RICERE (KRR CMEX ML DD Bhadoiy v v 73T
Ep = lzsz—a{a(y+a)2+b(y+a)+c} (y—APdy
+12£_a {a(y—(l—a)>2+b(y—(1—a)>+c} —27dy 6.8)
ZhEBNT EfE, =5 & BT,
Er = —% {7+10a(1 —a) (5—5a+a?)—402(1 —a) (2—a) a +51(72 —5)}ER
= kEg 6.9)
Er 3 BHEHEL ML ED VO RAF o v v 7R T,
B = (. By = B2Ee (6.10)
Eq.6.9 1 Eq. 6.7 ® 2 #fRATHhIE,
E= 2%5 {71 +40a(1—a) (15—57a+71a2—40a3+8a‘)} 6.11)
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WEBHEMET X Ay v f%;;c Ep uB# L U013, oM, HeuiERiEor
EETHAPEVRC—E@R2LELICDTH B, M ERFAONE) BHERIEO B &
O BRWED WX, Er bABRMER X W EBT 53 L OX BB Er OIS VT2 L1k

SRS WEHEEND,

PEDREREIT E-6.40 H=W Ol b 7c5, chicksns, ERERH b HAHG
02W it B bR LLRABREF BB AOMT Y v 7R EZFEL, #0.TW 3ichifi
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Fig. 6.4. Variation of apparent MOE caused by the positions
of cutting out the pieces (%=1, 2 and 3).
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3
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a BT % EOXBHBIL N-6.40 H=2W oliigt i, H=W oI\ LKL T*D
EBBIRE S BT 5,

H=3W 0i¥H\ M2 ®-6.41c, 05W, 1L5W B LU 25W DiEpH iz H-6.5 Fh Fh
EORBMELR LI, ThoRHBRLTERTREZ L, HewHAEMLTD 2 OXR
BIXERIC/NE ROV ETH B, bk 2iE, FRIED 2 EOHRPVELORRI LD
W, EoMBALIH LT, WEShZEITY v 7ROBKME L BIMEOEIZ 1.2 f&Tu
Erlbhebicnworst LT, £RIEO 25 Foevk L oRRA CIRBAOHT Y v 7
BB/ MED 16 5 b B T LD B b TH B,

6.4 BERFOMEOE EDBR

DERRLAEX SR, ERENECI YAE Ih BTy v 7E53, RREHeWH
LAERIE W Ok X ORBHE OAR ) LB X > CTEMG EOENE B 5 & & 2B 55 L
oz,

X-6.6 iy, 4D HWEZOWTEH L DEBELYEEORICRLTH S, e
WHREREOBEZEOES VI EORFUIEL, H/W=3 CEBENR10% LN Eish,
BUHFRBEOEKMGE L £OHRVIEDWEHBIIRE ), HW=45 & LT3 E8IEI130%
HAWEZRL, ZORBLE, KRBT I DALY v 7EROB A & B/ MEOES
20% TWERHZBIIL, HRVIIPL ELERBO TECWEETHLENS B,

ARNBECA 2 FREPEBEUT 0D VOl ¥ v 7REONEE I, AREBOE
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Summary

Wood has been an indispensable material in our history. The technical research on
mechanical properties of wood was, however, left out of consideration untill the 20th century,
owing to its anisotropic nature in elastiticity and strength. Moreover, the growth conditions
of each tree made it more complicated to evaluate the properties of wood and its products.

The wood quality is commonly different in species, in individual trees and even in a log.
Test pieces of wood cut out from a log show considerable deviations in mechanical properties
according to the size and their positions in the stem. The smaller the size of a test piece,
the more evident becomes the effect of knots, local irregularities of grain direction and macro
structure of wood. In some cases, wood section must be assumed to be a layered system
of earlywood and latewood.

Mechanical properties of lumber as used for structural purposes are found to have close
correlations with some indices, for example, knot size, grain orientation, kind and location of
defects, moiture content, specific gravity, construction of annual rings etc. Since the thorough
examination of these indices in the site of wood processing is practically impossible, the actual
inspection of the lumber is mainly made by visual method. From technical standpoint, how-
ever, the establishment of a method for qualitative evaluation of lumber is the matter of
great urgency.

In this research, the elastic constants of some wood species are experimentally determined
and discussed, which may be a basic information for further research on effective use of
wood materials. Four experiments included in this paper are briefly stated as follows :

1. The elastic constants of hardwoods grown in Hokkaido

Three hardwoods, oak, elm and beech, grown in Hokkaido prefecture were investigated
on elastic constants and inter-moduli relationships to ascertain the suitability of applying
orthotropic elastic theory to wood. ’
‘ Small clear bending specimens in air dry condition were prepared from these hardwoods
(Table 3.1.). After all specimens were determined the specific gravity, annual ring width and
flexural modulus of elasticity in low stress level, every fifth specimens were broken by bending
test. From the ends of failed specimens, test pieces for compression and block shear tests

were prepared. Torsion test was carried out on selected specimens. The results are sum-
marized as follows.

1. The modulus of elasticity has a close correlation with specific gravity (Figs. 3.2, 3.6
and 3.7).

2. The apparent modulus of rigidity determined from torsional test also shows more
correlative figures (Fig. 3. 3).

3. Moduli of elasticity obtained from bending and compression tests are essentially of
the same value (Fig. 3.5).

4. The relationship between Poisson’s ratio to the modulus of elasticity 4/E and specific
gravity may be expressed by an exponential curve (Figs. 3.8 and 3.12). The relationship in
radial and tangential directions conforms very well to the Maxwell’s reciprocal theorem.

5. Elastic constants E;, Er, Er, Erra, Erpw, firr and prz from compressive tests are put
into Eqgs. 3.5 and 3.6 to calculate true moduli of rigidity, Grr and Gig, which show good
agreement with apparent moduli of rigidity (Table 3.11). This may be one evidence that the
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orthotropic theory can be applied to wood.
6. The relation between elastic constants is variable with specific gravity change, which
indicates more sutiable index be needed for precise estimation.

2. The elastic constants of reaction woods

The object of this experiment is to get some knowledges about characteristic differences
between normal wood and reaction wood. The four species used in this experiment are fir
(Abies sachalinensis), ginkgo (Ginkgo biloba), ash (Fraxinus mandshurica) and aspen (Populus
sieboldii). The experimental procedure and tested items are similar to those in the preceding
paragraph.

1. Specific gravity of reaction wood is on the average greater than that of normal wood.
A significant increase in annual ring width is observed in fir compression wood (Fig. 4.1 (a)),
while in other species the difference is not evident (Fig. 4.1 and Table 4. 3).

2. Modulus of elasticity of compression wood, fir and ginkgo, is comparatively low, while
the tension wood, ash and aspen, shows greater modulus of elasticity than normal wood
(Fig. 4.2).

3. The compression wood in fir and ginkgo indicates a considerable increase in modulus
of rigidity in contrast with modulus of elasticity. On the other hand, the modulus of rigidity
in hardwoods becomes smaller in tension wood (Fig. 4. 3).

4. The range of E/G ratios in compression wood is roughly 4 to 11; in normal wood
of softwood 9 to 22; in tension wood 10 to 22 and in normal hardwood 5 to 12. E/G value
of 10 may be an approximate index for distinguishing reaction wood from normal wood (Fig.
4.4 and Table 4. 4).

5. The value ¥EG, which determines the lateral buckling load of deep beams, is greater
in reaction wood except ginkgo. Divided by specific gravity, however, it becomes greater in
tension wood than in compression wood (Table 4. 4).

3. The flexural behaviour of knotty boards

Modulus of elasticity of a material is derived from statical formulas, into which the ob-
served stress and deformation relationship is substituted. In the case of inhomogeneous ma-
terials, the calculated value is not constant depending on the test method.

For instance, consider two boards in Fig. 1.1 (a), the board A has a weak portion near
the left end, while the board B has a defect at the center. When the boards are supported
on the same span, applied concentrated load at the center, the board A will show asym-
metric sagging at the left-hand side. The flexural curve of the board B is symmetric but
it has a sharp curvature at the center portion (Fig. 1.1(b)). If each deflection at the center
is identical, the boards may be judged to have the same modulus of elasticity. When the
angle of rotation is measured at the left supporting point instead of the deflection measure-
ment, the calculated moduli may differ considerably.

In this experiment, the apparent stiffness of lumber including local defects is investigated.
Test materials are 40 flat-sawn lumber of spruce and fir with 2 by 10 (cm) cross section. The
local deflections are successively measured along the board under constant bending moment
by the device illustrated in Fig. 5.1. The experimental conditions are also schematically shown
in Fig. 5.3. Local moduli of rigidity are calculated from twisting angle measured under appli-
cation of torsional moment at the ends of the board. Test results are as follows.
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1. Local moduli of elasticity generally decrease at the position of knot, cross grain and
compression wood, where torsion moduli increase (Fig. 5. 4).

2. Defect-free portions indicate nearly constant stiffness in one board.

3. The effect of knots on the stiffness is proportional to its size (Fig. 5. 6).

4. Assuming a stepwise change of modulus of elasticity to each section along the length
of a board (Fig. 5.8(a)), apparent modulus of elasticity for two test conditions are derived
(Egs. 5.3 and 5.6). From comparison of two equations, it is concluded that the degree of
contribution of sectional moduli of elasticity to apparent moduli is different. Observed sectional
moduli are put into Egs. 5.3 and 5.6 to obtain Fg and E,. As shown in Table 5. 1, observed
and calculated moduli are in good agreement.

5. When the board is driven lengthwise on two fixed supports, which occurs in the
case of machine grading, observed also is an apparent modulus of elasticity. The simulated
curves under 80 cm span for four boards are shown in broken lines (Fig. 5.9). Typical changes
of sectional modulus of elasticity at the position of knots (solid lines) are obscured by general
reduction of apparent modulus of elasticity, which may be a cause to misjudge the board
quality.

4. A discussion on the apparent modulus of elasticity determined by bending test

In design and calculation of wooden structures, it is general to treat wood as a homo-
geneous material, homogeneous in the direction of its principal axes, because the cross-sectional
dimension of structural lumber is by far larger than any unit of wood tissues. The small
clear specimens used in the standard test, however, contain about 15 annual rings at most.
Softwood specimens have sometimes only a few rings in the same cross section. In such case,
the arrangement of annual rings must be accounted for to evaluate the stiffness determined,
because the longitudinal modulus of elasticity is not uniform in a growth ring. The cyclic
change of this modulus in the cross section forms a saw-toothed pattern.

The overall stiffness of comparatively small bending specimen is thus influenced by the
position it was removed from. In this respect, the change of apparent MOE in bending was
discussed in relation to the ring width and specimen size, assuming parabolic MOE distribution
across the ring width (Eq. 6.2).

The neutral axis of a test piece with thickness H equal to the ring width W cut out
from wood section is derived for flatwise bending, i.e. the load applied to tangential plane
(Eq. 6.7). The apparent MOE in this case, Er, is calculated from Eq. 6.8. Ratio of Er to
Eg varies with a, the relative distance of annual ring boundary from the top surface of the
specimen. Fig. 6.4 shows the variation of % (=E;/Eg) against a (=d/W') for H/W=1, 2 and
3 in which % seems to contract rapidly to unity. When the quotient H/W in not an integer,
the contraction of % becomes less rapid (Fig. 6.5). From further calculations, Fig. 6.6 is
obtained. The variance of %2 becomes less than 10% in the region of H/W=7.

Conclusion

The test materials used may be classified into three groups; 1. orthotropic homogeneous
material, 2. composites of orthotropic homogeneous materials and 3. orthotropic inhomogeneous
materials.

In paragraph 1 and 2, the normal and reaction woods are treated as the material in
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the group 1. The primary index which relates to the mechanical properties of this kind of
wood is specific gravity. Reaction wood, however, shows significant variance in specific
gravity. In this case, modulus of elasticity and modulus of rigidity may be suitable indicators.

Knotty lumber belongs to the group 2, where it is essential to survey local characteristics
as they affect overall properties. Apparent MOE determined from conventional bending test
agrees well with MOE calculated from local moduli. That means the relation between specific
knot diameter as well as cross grain and stiffness reduction be needed for estimating lumber
quality more precisely.

In comparatively small bending specimens which include a few annual rings, the variation
of Young’s modulus across the growth rings may apparently affect its modulus of elasticity.
The possible deviation of MOE depends on the pattern of Young’s-modulus change in wood
cross section and sample-depth/ring-width ratios.



