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EHDHELDE, BKHEHMCABEORETHIEARE L LRV IREMT —FBELXTEL
L7z,

Ui Lishih, ZObAMERMI I FAVFET D, Thix, AMoRFBEECHT 5K
LBRVEETHABMMECRESFAOKSEREHC X v, BETIBENE«BELLTH D,
ZOXRIGT ERFEIGHE) © X 2B51RE#EL, BEH v 1 TRETHZ Lemz,
bAMBO S  FRHICESTRRERFET S L5 RBEC, FHCERIBERER L85,

bRETIE, 2 OERENESD ThAMMCOWTORELS E H Tiobh Ttk b1,
HFed LVL. Tl EH 7 s T AVEHERBD TARCORNERTH S, AR
TIL, BN I CENLLRBGE, ERIEHBIVCHTRIC X > TRETHLOMEAN
DEN PO EROBHEMZ D L L e, bABERM OMTRIK, MIHMEERC
WThBE ML .

ek, AREERTROICHich, BEELEHb- LIBEXYEARLEHE, TERT
BHIR I YEEOHE R, OO YURELE TH - LFHEHECX L, REOEEE
3%,

2. ¥FILHORERE

bAMmFER LTHT e~ 2 v P BMERTS &,
bAMOEEIE, BbbA Mo nHainl
RREETH, ZoMEWFROF HBHECEE R
FET BB, Wb 5 ERIES (Radial Stress) T
Ho, MEBEWKIES L5 RBETRERIST, dic
BA XD X5 HBECISERIENE LTERT 5,
ZDObAMMICFEE TS FEICHCOVTUL, |
Norris® i X % BER L i\ I ERIVRE, BB W=
IABAMATRERLYHCTLRESZE S BN, BiE0H
BEEERIFRCEM TS D, T2 TR HFEE Rey
FRESWEEORF RS, EL, HEI—
BTH B LIRET B, o
Wi, K-1(a) © X 5ChA B oM PRE
DOHRERN R THHbAMME, TOHREYE X
B Lok E— 2 v b AMERTABEREL B, (2)
HERAHE DRE S ROBERE, bA MM OBRITE Bl S Rt b i o)
MCRETHMFIENFHERRB) 0L > iBERE gy, 1. Approximated stresses in the
DIENFHTEULEBDOT, Zhic2onT, M curved beam.
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HFRE»D y L HEED Y-Y HTONOHNEGEELS,

AR () DX 5, Fy DEEFADOSNC X - T Y-YEHO EHIXF X2 LR EHA
DNRRET S, LARKE, AEOTHCRIACHEIFOTHEHFAONNRBET DD
C Y-Y He 3 ETAAMBEEHAOBFIRIDELDZ LD, ZD F I XIRATRE

hb,

% 4
F, = {oaa={ Mopay= EM{1 —4(%)2}

2h

(1)

TRy HRwhREsL OERE, o: BFIEH, A e, b Mg, M: @iFe—

AVvh, I: MEZ2RE-—2VITHAD,
[P

¥, Y-YEECRT DMK ud Ex D,

wid = (R+y)d6

(2)

Fo ek oCud BREBECIERTS IO Fr & +hig,

Fy = 2F, sin % ~2F,. % —F,df

e, FERLNE ov RRAR L - THELZDR S,
Fy F,do 1

(3)

7= BR+v)d0 T BR+y)dI ~ bR+y) 35\114 {1”4<%)2}

- zatken U 4(F))

oA WEE, R: #evihRohRERT
»b, e oVnTE Q) REARTD 3,

FOBKAEDRERMBILOTEL, REhEDK
NBEERIZ D X B A, —BH BT S eR I —
FTHERRLTIL FEROR A TCIRFTEEF
R DENGOTmm NERE Y LIe3), TOFEKMEIX
y=0 L LTB)RTELORB, ¥z OMOEREE
Hafiy -2 2Rt

_ 3M
UV-max—m (5)

Wz, HRPWAIRD X5 llilfe— 2 v A
fERTAHE W, FEHICEMRE AL E AR
RE, 26T 5,

Flo DRERIEING, BTFIEAD X5 LIEADHE
EF3IEN0OREC L > THDTELL LD TH DD
b, B3 oXRENCRBEE L Eitind,

(4)

) 0 )

s .
M—2 EEGHOERESFi

Fig. 2. Theoretical distribution of
radial stresses.
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kL, £OXT7TV vRBHROBERFRNOBIEET 5,

3. FHELUERAE
31 ERAMHE
FRAMFHIEATERFEERED7 2=V =V 8K (—8 F=Y) OATEEREHTH
b, ¥, Wi 2.2x52cm, £ X 123cm OFB A% 60 FEFE L, £ 22T A2 v 105cm,
M X DPREPHECL D, YV I/REZHELL, RCZhbXEIHFAIFEL,
MiE# 05x52cm O LT C, bAMERMBEOS s 7& Lk, 3bik, &HIEID
SEEN3RD T I FEREMCERAHLRT, A4V 50cm OFREPHEICL D KD T

3 - ] 35 N
IFOFHY v I REERD, FERIOY Y K1 EEHBOLE

ITREEDENRBI - Te—HD L DOFBEA L Table 1. Properties of materials used

e ThbHROMEY R-1imd, E ru u Ry
3.2 DA O ME MR (103 kg/cm?) (%) (mm)

KB 10 O EIL T 15 BR Av. 111 0.44 9.0 2.6

Max. 166 0.59 10.2 43

BREL, BEThbhTw3X5Kk, S- Min. 70 0.36 77 15

CEMSREY Y 7REOH VL OXEE L ,

. (Remarks) E: Modulus of elasticity, 7u:
e, 3 BLERDS FronTiy, RECS Specific gravity, «: Moisture content, Rw:
vy IREDE S OYE Uiz, =T Average width of annual rings.

2 DbLAMERWERS : 70V v I7FE

Table 2. M.O.E. of laminations in curved laminated beams

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 No. 10
@ ®) @) @ @ ® 12 ®

@ ®
145 146 148 147 145 146 147 158 158 159
139 137 125 144 140 137 134 144 145 146
111 110 110 99 115 108 107 111 122 111
98 95 101 87 97 95 94 99 101 101
87 86 92 85 86 86 85 87 88 87
80 80 93 92 79 80 79 93 93 93
75 79 125 139 75 79 74 139 140 139
70 74 166 163 70 74 70 163 166 163
75 G 122 139 75 75 75 139 139 139
80 80 93 92 80 80 79 93 93 93
87 86 92 85 87 86 85 87 88 87
98 97 101 87 97 95 94 99 101 101
111 108 110 98 115 108 107 111 122 111
139 137 125 144 140 134 134 144 145 144
145 146 148 148 145 146 147 159 159 158

(Remark) Unit: 103kg/cm?2.
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Y v /RREMT Y v 7 RE L OHBBR, BIUY v /REEHEE L OMBBERICIfL,
RBOBERE HRAOBREYED T, e WPRBAOTCRRENRRBETHEERTCHTS
BERRLHE LEbDOTHD, HEDCERHY AR, HEYBHLL, Thbos 7 H#
KE E2erd,

3.3 bAHMEMOEN

¥, BiE9Ix25cm ¥L9%x22cm, B X 130cm O~ = VREZBRHM OB T i i
B & TRCEME R - CTHEHER THE L, KCABEZ <4 b v & — CERCAREFT,
2HRORBERMBELER Lie, ZhbBRAOAROMELETIL i R=100cm T, #}EX
MOKFERESOcm, WHTERYIER LCERTESE Lic, bAMERNERF ¢ 711X+~
TEIX05cm THBDOT, RBROMBEER L5 1 +E t OBIFRIX R=200 £ 725, Kt
WEHEE - FESD T, HEBDHAMERM T R2100 EHREIRTWBH, REERRO
7 I FEROBKRELER LT, XERTIL R=200¢ ¥ L1,

BEEFCREBEEEN CHREARE-—n4 FS12]) #FEA L, ELHE LTER
R—k v T2 DEAT vE=V 2RV E
DORCED LTHGW ., EMFGREONTRE
TEFCxY 77 v7e X h RBEER LI,
EfE7 ey 7ETORBRMGE 7 ¢ 7 OBREHK
BrET s, RRELERK 7=y 7H
CUT|RE LTTHRD 7 3 7 2RAR, ER
FEixtr2zvvsgd HuT10kg/cm? % HEE
&L, ABEREHIERE LI,

strainﬁ

strain gauge gauge glue line
iy
2__ =
3 e ——————
4 __li—=
5 ————— et
6___l—
7 ————— e s
8 ___li—
9 —————eeeris
o___ =
n____;
2 1=
13 T
A | - B4 E&RBRFE
= (1) RERRR, (2) REERR
¢ (3 4X4X2cem, ©: BHESTMA)
B8 By -V ORSHE Fig. 4. Compression test
Fig. 3. Locations instrumented (1) Perpendicular to the grain, (2) Parallel ditto.

with strain gauges. (Dimension: 4X4X2cm, < : Grain direction)
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EfFmRiReE, RRGAELZ#B cHEY, #EScm, 8\ 75cm, #5 120cm Db A
KR I0FELREF L, ChLRBRBODLAMBHIRCE T, BH-83RT X ICH#EHA
w9, RBEFHCIK FEBENo.1, 3,5 TRBEHRTK) 0FBF—ovBFLE, A
WEEBF— DT, HHBEH Y - CE3mm DR—2—~N—2 A} LA V¥ — (K-3-Al-11)
Th %,

3.4 F=UUHSIFOERKER

BY—UREMF LT 1 72OV TEL, T3 FSETAROBEOTHHENLFHER L
TBVWIEEMRRAO DR EZHCT, vV I/7REBICET Y vEE2HE L, RBEOHR
BIOCTERRARTITERY T, #EHRO P XRFACES L, ERHCBST 57—
EREE—~RTAHEB ICEDORMER, 7 v Ay — 2 (FHEEETER SV T11) #i54
Lz

FA—oRBREFe L, ZOREFALXEZLHZ LR X VER IORERBRBRE Tic - 1205,
BREMBRR T Thg/ecm® DI N VA ECHER ML, BY Vv 7 REE L 27 Y vHo e %,
FIREEMBR I I v < 145 kg/em? F CTAB L, BiEHAOY v 7GR Eg & HET7 vV v
Y vay R DI,

3.5 BEHR

AR EoBREMEEZBSWT, ISR TI5R A3 100cm, THESABERE30cm ©
2RAMEFRNC X VBITRIERRZ Tk, FRBRELLARKTT I 5, MRYEIX
BHFRY, BHRIEIEMUOBHEL T TT L, HEEAROHEMEL o, & A 2

(n

! 1
! 35«./11 ! 30uu l 35cm !
H—5 BREOWRSIUCRBRAE

Fig. 5. Diagram of beam specimen and testing method.
(1) Tension type loading, (2) Compression type loading.
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D fhHES 6, %, WBEFRER 11000 mm, 1/100mm 0 #4714 5= Sx HGWCHE
50kg BIZHIE L, MEIZ250kg ¥C& Lichs, Zhidf 90kg/cm? i v %3
5. 3IE, EMAHEBOTHESLLD, ThEPRHBEAMOMTY v 7 fH En & A2 v
®OE E; kDT,

BEAME L A, Fido 3mm ZFE S — ok BBS SRS GUERER ASB52E )
CERL, FoABRERE (F SD-500A) wX b, RBREOHMTXE RBICIWT
WAEHAE QL) ERABEHAE QO Kor78) %, BALFA UL 50kg 12 260kg ¥ THIE
L,

3.6 MiEE M

HBRtk No. 1~4 Ot 4 b2 EMEGEE, No.5~10 OFt 6 % 5| REFEARBH LI,
A YR IOHEFEIAERREFAREE L, A€ v R HERRE Gton) AWVWTHESR
X% 100kg CTHPER L BERRE Lic, BRIIA S vhRER, HEAMEGELOES,, HE
FHOBEZEREE 1/100mm O £ A4 7 A ¥ — S THIEL, fi2 ZBORAILAREZ®EL 5 ¥ T,
HEROBEL L BIREENE CHE L, ¥, FRABRGOMTHARE RS XCHITHIY
KD, HITFBRIKOWTIRFTEEE OB TR 7,

4. BREIUER

4.1 bAHERHAOEN

BECH > ThAMERTHE, &7 I rixMFRIBPRET S, TOWMTIENLT ¢
FOYVIREE LHRENSOERC Y - TRESY, ENBVE, ¥BAREVERIIL
KE<ksb, WERBAKIOED, BACELLEERAZOT : 720 T OlITR e 23R
BLTARBE, s IKARTEZbh, 360~395kg/cm? L EIND,

1 _M _M ¢ _E
R-E *Y °=T*2 3R (6)

Tzt 334K, R: 53 +0flRERE M: fiiFz—»2 v, I: 5 3-0WEH2K
E—RX YV IFTHB,

The s 3707 v 7REND, EfBRI o % o=cE R X VT LICHEE, T2
BT €c=0.003 & LT H 0,=435~475 kg/ecm? 23R TE 5, ZhRFidoREY EES 3D
Thh, BE, ARRCEVTIRbAHERBOBEBIEETH -1

Ff, EHRBROBITRETIHMEBD ~5 € F Y (Spring Back) i 2oWTit, FD %=
FURG M EHBLEY R, ~F 2 F ) ROMRERY R & LT R=¢R TEHIHhBH,
ZDSRKRACIVEZDBIBD,

6= o (7)
- B
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tren: 5IFORBE A bABERMORIFOY v 7ER EcdT5, AEH
H5iBEDT IOV Vv I/RRE O (bi=EJ/E), d: 5 :+&, R: BROMBEXETHS,

MR XYy, BREL0FED 2 FIRBLRAELTARB L, $=1.0035~1.0040 ThH - T
E» 04 BELFMING, FTh, EFFORMEBCHEIICHOBEMIELLLS D,
PIXFHINAMI VIFCNIL BT THE, DAPLEBELHL SIS
(BT ERIDBE, FERTIZA=15 LEBELS <, MLT, KR LLEFKBADHMT
AT TH ol &, BIVEEHNOBLITLTH o Linhd, EBDO X2
VIZHIEHR G ENERDIOCH ST,

BRI, BERS 3 F0Y v 7/ RENTRTE UL (k=1), 22D id/R >\ T nd/RL1
LR LABD XAy, ()RR

1 1 n?
(TR S S N S ®)
7 & A+idIR) "
L, STEVENS LY R X > THELBRIERE—~FKT %,
42 F-SHESIFoEREER x—3 EERBRER
HIEREY F-3 R+, BHifis Table 3. Results of compression test
EHRLRABEMEIIBRNTH B, ThBIiTkA Ex Ey 1714 Lve
wIh 3}2:37561’1/5 (103kg/cm?) (103kg/cm?)
Av. 1124 6.4 0.487 0.039
-9 _|&7 _|t= Max. 166.7 134 0.643 0.069
= twr=|_—| Mm=|_ f‘x
- Min. 715 2.6 0.342 0.018

(9) :
(Remarks) Eg: M.O.E. in the direction par-
CIRE: YVvI/RE, ¢ HEHFAED allel to the grain, Ey: Ditto perpendicular

F, oo LEERIES, tar: BEFH to the grain, pmw, pyz: Poisson’s ratios.
AHERORGAE aeT5, BREEREFATR s ORT v VI, pr: BREBEFRFER
ORFAECTS, BEEFRABORT Y vHTH 5,

PHEHRDBE, MYV IIERE 3BEFAOY Vv I/IBR ErDSIZ BE LY, 3IEE
Lo tBbh3, #7 7 YHRESOWTL, tardi0487 Lo hdBEEYTHHORHL,
tra=0039 DEIIA 2 KETES, ZD OV TREDOEMBENFEHR I I N Enb, £
REDHAEDARRERILDIDEELLND, Thillt, tral T OWTLETARD 3EHD, H
REBRIVRDBONEYTHA S,

43 RMHERR

Y, YVI/RBIEOWTOREREY RARTRT, RPD En, ELIRARC L TEHES

ha,

3
E.Id, = %EPR2 (a sin a+cos a—1), I =% (10)
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¥4  HTBERRER
Table 4. Results of flexural rigidity test

Type of loading® No. v b h E; En Em-ca1 Em
(cm) (cm) (109kg/cm?) (108kgfcm?) (103kg/cm?) Em-csl

1 5025 . 7.750 103 123 126 0.98

2 5015 7.6%5 112 130 125 1.04

Compression 3 5.070 7.695 102 127 125 1.02
4 5,140 7.680 116 130 125 1.04

Av. 5.063 7,688 108 128 125 1.02

5 4910 770 109 137 127 1.08

6 5.070 7.695 107 124 124 1.00

7 5.075 . 7.665 . 104 130 124 1.05

Tension 8 5.100 7.685 113 135 133 1.02
9 5.100 7.590 113 139 135 1.03

10 © 5,160 7.710 © 118 130 133 0.98

Av. 5.069 7.679 111 133 129 1.03

(Remarks) &: Width of specimen, A: Heigflt ditto, E;: M.O.E. measured from mid-span
deflection over the span, En: Ditto relative deflection over the loading points, Em-ca1: M.O.E.
calculated from that of each lamination.

EuIs, = 5 PS* cos* f-+ —P—Z@[(S cos B+R sin B (8—a)

—2R(S cos 8+ R sin B)(cos a —cos B)+ %{Z(ﬂ —a)

+(sin 2a —sin 2ﬁ)}]+ 5 PR {R (a sin @ +cos a—1) +35a} (11)
S = E—C;};ﬁ—(so—h sin f) | (12)

ol MiE2kE—2 v, P:oeinTAHE, R: #HeuvhRoM=RELE b: #
B, h: Ry, «f: B-6mTHOE (rad), S: ARCRTHABRGFAROERT I OR S
TH5, | '

ChHL DRI RPEHETH SO T, RABRGBLAERLRER LA T I ERARDI K
£%,

EnIs, = 7—§475—P (13)
EI5, = ﬂ;’—g-zﬁp (14)

ZORLREACTE Y v 7R EEHE L THRBE, EnT02%, E, THEN1YG, KE
HAERTE ST TH D, ToHEETENUZhES,

¥z, BHD Epont ZEBHLBR TS 1 707 v 7R ENHHA LSO THD, T
IFERIVBEE—EELELTRAR L DEZ DR A,
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P2 P2

&=0.1451 rad. P=0.2527 tad.

0
B—6 #RB#toRN

Fig. 6. Drawing of the test specimen.
AB: Straight portion (=S)
BD: Curved portion.

Eooar = %53{(153 _139 B+ (13 —11%) Ey+ (113 —9) E,+(9* ~T) E,
+(P-5) Es+(59) E+(3— 1) Er+ Fy) (15)

CZTERNENLIBRDOT I FOEHY v IR TH B,

UM INicEn EFHBER LD Enen X BT 5 &, WHEDHIX 0.98~1.08 DEHAID b,
FHTLO2, FEHRELEN29% LEBC I —FKTH, 2O Ehd, bAMERMOY
vIRENL, HHRS 15O v I/ REERACTHARBE CHEIhE S, LA, 1
FEbAR URBEEMLAEDL, Tofd v v 7 REcI B3 i X1 a05,

Kie, MESNEEFFY K-T~9 R4, WIhd LRI ERHAE, TR
HETH D, ChOXTXCHEOkg BLEHOBLXERTHALLDOTH Y, 250kg T
OHEHERONHLXFABCRELTH S, b, A-A’ OPHBEMRE, B-B 0 Fhiis|BE
BRFRCIBLDTH 3,

ABACIRET AR LORBESE CRFEFE) O 2 HMEANRETID, HX
BRAMHBOTLEEN EBEOBRGRID, EEOBEHADOE cr L RAREHFOE & 12— B
RATELDORI S,
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No.2 €} (10%) .
~400 300 ~200 -100___ 0 100 200 300 400
T T T r T T 8. T

A

P=50~250kg

. B’ A
A 8
Cn LD
No.2 €00 A g
AN .  T
P=50~250kg p ti
A’ 8’

~600 -500 400 300 200 100 0 100 200 300 400 500 600
B—7 # 5 f )

Fig. 7. Experimental strain distributions (1).

, 1
g = ‘E;(UH — 1EvOy)=Em— Uyaty (16)

1
& = E—V(UV—#VEGH)=5V—P¢HVEH (17)

ZZTHRFO H, VizxhZhiliesm, RBEESFRYRT,

Rien LICERRRBROWCE, 8RS I 70HE (Y v 7FRE, #7 v v KR
b, WTRLER LclBEREBILE ST, a2 —vERLE, LeLH
5, IR, FEilc kst sdomFe— 2 v rrF LTS, FECIVWRBEYR LTV,
i, WThIRBREOMEMCEOHFOHENALR S, ¥RENIERE, WEEZEL
THERBE—ETHHZ b, ZOBORZOPEIFRCBEbh 52, hidMMEsE
BRIDZFEETABANORT Y YEPHRIZ I ZHDTHAH 5, RN TROBMEFTABC I
T, BFIFORT Y VHRRA-KCEOE S RNERHFACRETHITTH 5,
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No.8 &(10%
=400 -300 -200 -100 O 100 200 300 400
A y B

P250~250kg
e . B ¢ ‘ J 'A' (3 (3
A 8
( A -4
No.8 &, (10
B A
{
P=50~250kg e
'y 8

=600 -500 -400 -300 -200 <100 0 100 200 300 400 Sb 600
B8 & & # (2
Fig. 8. Experimental strain distributions (2).

ZO»HHERYECC, FREOMEATCIEEFATINKL, FMEMCIIEIT
LRERLD, ChRIWEORBOHENELDHZ L LB, R7T YV vHRI-T2RE
CRETIERELNEEZEZONRBOT, ¥REHE LTOFBOHEIIXD D 2w, #ldT
HHEBMAROET, ZOEBRENFIHFROVTEAL DT,
RCBEFRBCOWCL, WHO 16 RpOH7 v vH prs BERE HFEHOBHC X
> TCELIRAFRAOEBCHTHREFAOEDOL) 13, 1M LTHIVID, a=er bib
RBREDOEBORMESAE chiy, WFDAR BB ear bBE-BTHLRELTIV., B
AbhBdEBh, RESHENLETEIARESHrLRERMLYRL, ZO0BEOHETIRE
SHEHREBE RSB OREIV2T, BEARELASEDL YRV, bk, FE250kg B
ORPMEOK: (MEDHERIED)/(MED Th) AR TAHRDE, HRETTO R TLI3
Thot, TREMHERRH L, RRE 10 T XT BT 52EEOBSML, EREFILAH
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No.9 &/ (10%)
-400 <30 -200 -100 0 100 200 X0 400
A -]

P=50~250kg
5 A
o WO
A I'Z
No.9 &, (107
8 A
Pa350~250kg
A -

-500 -S00 -400 300 200 -100 O m:ao:mmmm
B9 & & # (3

Fig. 9. Experimental strain distributions (3).

BET Lk, LRBE, BFOoEER c=y/R(R: PO MBER) X b, BFE« 1 IBK
53 F0Y v /7 RE L RBERL, PUMLLOEEYy CEATHEVIERNERIN S,
ThSDBESHCHE LB N SR, MROERNREAT IR, s=cEx i v &
SIFDOYVI/REEYRUTHALHRLOT, YROZ LANOLHEBRRETS,
4.4 BBER
¥, FREEEC OV TORRY 57T, RATOMTRS op CoVTik, E
B D ¥, D T 561~658 kg/cm? ¥4 622 kg/cm®, 513A T 669~726 kg/cm? 47 697 kg/cm? T
B9, WFhb+aaBTFRIYR LA, EeliFRICNT5R0T OLARE o) ONLE
ouolos 13, FMERE LICFEHTO55 TH Y, WFhbhARELEL Trb+2kk h &R
LTRBRCE - Tw5, L Likdid, AHERCET 5FHY v 7 HREHN2E 130 ton/cm?
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Table 5. Results of destructive test

Type of loading No. Py Prax | gbp ab agop. Gb-cal _ O
(kg) (kg)  (kg/em?) (kg/cm?) pdd (kg/cm?)  Gb-cal

1 900 1840 313 640 0.49 738 0.87

2 1100 1750 396 630 0.63 780 0.81

Compression 3 900 1605 315 561 0.56 762 0.74
4 1000 1900 346 658 0.53 780 0.83

Av. 975 1774 343 622 055 765 0.81

5 1100 1870 394 669 0.59 822 0.81

6 1100 2020 385 707 0.54 744 0.95

7 1000 1990 352 701 0.50 780 0.90

Tension 8 1300 2000 453 697 0.65 810 0.86
9 1100 1915 393 684 0.57 834 0.82

10 1000 2120 342 726 0.47 780 0.94

Av.. 1100  -1986 387 697 0.55 795 0.88

(Remarks) Pp: Load at proportibnz;l\limit, Pmax: Maximum load, osp: Stress of propor-
tional limit, ¢»: Modulus of rupture, op-ca1: Ditto calculated from M.O.E. of curved lami-
nated beam (¢5=0.006 E).
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Fig. 10. Distributions of radial stresses and observed strains (1).
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Fig. 11. Distributions of radial stresses and observed strains (2).
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Fig. 12. Distributions of radial stresses and observed strains (3).
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Summary

In this paper, strain and stress distributions in the curved laminated beams were observed
and their bending properties were also estimated using ten beams consisting of fifteen lamina-
tions of Ezomatsu (spruce) wood. Each lamination thickness was 0.5cm (f) and the radius
of curvature of a jig was 100 cm (R). (namely R=200 )

The results are summarized as follows;

1) Because of differences in the properties of laminations, the observed distributions of
radial strains showed various patterns and they were not continuous curves. However, they
showed symmetrical strain distributions to the opposite bending moments. The sign of strains
changed near the concave face of the specimens. (plus—minus, or minus—plus)

2) The radial stresses computed from the relation between the plane stress and strain
in an orthotropic material also showed various patterns and they were not continuous curves
in the same way as the strains. But the change of the sign in the cross section did not occur.

3) The observed strains parallel to the grain (bending strains) varied linearly in this
curvature (R=200¢) just like in the straight beams.

4) M.O.E. of the curved laminated beams showed a good agreement with those cal-
culated from each lamination.

5) For M.O.R., both of the compression and tension type loading specimens showed
sufficient values. But the values for the tension type specimens were about 10 percent higher
than those of compression ones. This might be due to residual initial streeses in the curved
beams. Both loading type specimens had adequate toughness in the range beyond the pro-
portional limit.

6) Types of failure in the curved becams were almost tension ones due to bending. In
some specimens, however, failure occurred as a separation of the fibers perpendicular to the
grain in the inner layers. These beams were all A-type specimens that had lower M. O.E.
in the inner layers.



