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1. RERNCKEIIRPIRBOIHIRE

MRBRENDER LABOWEL, ZEES XONERcm®EL Lo Fig. 1) oBky b
2 Tw%, LToMECEST2HEL LY, #ERFAOEE B, XEHADIE (REEX) %
HL7T%Fig. 12 0fmMiE L LTRE->T5, EXEHA ylix & b, ESEEMN
B —HI 5, AMTH-TVB 7 v 7 RB LIRS Ro% » Fig. 1 TREKBBE S
FDENCHRDSDTH S,

¥ v 7 BRB o fERR, Fig 1) iRy
KRENTVWBEER O MR L B BfRy
$0LEzbh, TORRKRBR LB A DL OMRE
BtEsiBbhs, ZzTi3, yv=0FKH) K
BFDY VIR E% E, y=H (REHE) k73
Ehi B L3\T, CORMOWEDYY 7% Ipnerface |
Hr () KErLHNE~—RCELTBER @ () Y (2)
RBrBWTE/NMizdo2%kiis, G Bk Fig. 1. Cross section of the test piece

cit from bamboo culm.

LOPIRCREER S>3 KliRD SWOBBTE ) g pemaric view of cross section
BL7 Fig.2Q), @, B). UTFrzhbic+ (2) Cross section as used in calculation
HHBEERTH, WThiekuwiy, miFEhc

Outer face —— B —

Radial face
H

i Ef Ef Ef
IOELHESMIERM L L, EfE X005 =4 7 B
ReBTHY v 7 RBIE LWER D22 & A5 4 7
REinoT 3, ? ?
.1 b, fot
L1 1RM#ERELEEHL = =] =
BREEX VML E X H, 1§ B OEHEHE (n (2) (3)
BT y=0 kI y=Hi x5+ v 7% Fig. 2. Assumed distribution of
longitudinal MOE across
B rhZh Ey, E, (E2E) L RBHNERLAHD the culm thickness.
Pl y DR BOY v R ESEE X VRRT (1) Linear distribution expressed by
Eq. (1)
FZB3IN5, 2) Quadratic distribution expressed
by Eq. (13)
_ _ E—E (8} Cubic polynomial distribution ex-
Ew = H v+Ey (1) pressed by Eq. (21)

ERECBEECEATIHTHELZZT @DV OO BORNTOMTY v 785 Er % 3
Ednlcdic, TTHIBMOMBRHE LT udbiv, Wi, BFes -2 v Mk
WENPERLEEL, Fig. SKATER IV HERE Lick ThiX, “hbolicizko
BAfRA AL T B,
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Fig. 3. Stress and strain relationship in a cross
section under bending moment M.
(1) Linear assumption of MOE distribution.
(2), (3) Strain and stress distribution induced by M. E, ¢ and ¢
are respectively MOE, strain and stress at distance y from
outer face.

1 3 o
P y—1 E@-3 (2)

TTT, p: IrENCBIT SRR
e yRBTHMEE
y: L@gsb ok
2: k@b by CoERE
o: yBIFBHBHESS
E: yrBIa@#EH Y v 7HRE

Kic = DIFEIC K 5 BEIENONEEMEL D, BrHEL LT,
fHBady = VEEM@—» dy =0 (3)
0 o P

Eq. 1 ZRRALTARDOWTHEL &,

_ Ef+2Ec »
1_————3(EI+EC)H (4)
OER, ¥RACEECHENMERTAIBVORMLTO Y v 7 RE Er T,
H
Ezﬁ-‘%go E(y)dy=%£ (5)

Ligh, Eq 4 X5 X b,

Ey = 2(2-3¢) Er (6)

E, = 2Q@¢—1) Eg (7)

Ef—E, = 6(1-2¢) Eg (8)
, ,

hali

\_\_T‘, 90="‘ﬁ
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T, s Eq. 4 TEE e, Eridko X 5 EHE

<————B———>
Xhs, I Yy b BdBHERE dy Ofarih 1B+ 5 3
.__L L 2
AL, Fig. 4 ¥BRE LT, | B i T
T
(E1Y = B | BGP + Bu-2r au) (9)
Lieh. 2MEO BT OMOREE, BRI ER LTANE
CWTRETHE ETh EdbRD, 4
Fig. 4. Calculation
H .
Erl = [ BEww-1Pdy 00) e

cee I=B poupemmc s s £NEO RS OmF v v 7 HE

Eq.1, 6 8XO'7 X b
Er =2(—1+6¢—6¢% Eg 89
I CHKR, MTANTY v 7RELA—RiEb e Erhul, E=E. % Eq. 4 wfRALT
i=H2»3HBbh, Eq.6, 78XV 11 X b Ex=E.=Ep=Er £7t%, ChiIXEEESKA, i
BeXoTR—0Y v 7R EHABORLZEEERLTE Y, BHRREONFHRE VLI
FAEREELL->T D,
L2 2xpa@ERELEHN
E.) = ar+by+c (12)
CORCEFT S 3EORELYy=0TE, y=H CEBIVy=HEB - TR/MEZ L 5
TEMmbIRESh, KAREE 5,

E,—E, E;—E,
sz ?/2_ fH < ?/+Ef (13)

Ey) =

PR L Er RHHEOIEL VW ERABEOFHRETHETSE, ROX51hb,

_ Ef+5E;
A= AE 125 H (14)
En= BrtZE 1)
E;f=(5-8¢) Eg (16)
E. = (4o—1)Ep amn
E—E, =6(1-2¢) Ey (18)

ErzonwThaiE R LT,

Er= 5(~2+14p—15¢) Ex (19)
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13 3REEERELLEBHO
Eqyy = aypP+byt+-cy+d (20

BT, Ew=E; Em=E, y=0,H 2\ ~T dE/dy=0 X v R EHEETE,

_ 2(E;;Ec) o 3(1125;1—2

Ew E) o1 B (21)

¥®B2, UTHEHRCLT,
3Es+7E,

= 0(E+E) )

ER = _EL'E_EG_ (23)

E;= (% —590) Eg (24)

E. = (590 - —3—) En (25)

Ef—E. =5(1~2¢) Eg (26)
thbh, BERENECIAHMTY v 7 RE Eril, 1RkBEEEDEDVCERABORAERS,

Er = 2(—1+60p—6¢% Eg (27)

1.4 REULU-BEOESEDTME

DEDFHBEZ XY, KRELIL3EDY v 7RESMHOED e TErhLh, FEEM
BRIy v 7K (Ep), BEREMECXALh (E) B XOhirEoN R+ 544
@) O3 FEOBBEHIRE LIz, ZhboBEORAL, RBRAEZSETHZ Lialic, BN
BRI ENTEDRD, Eq 1L, 19553 27T €EW Ex X0 ¢ #RALTEH
LicEr L, RME L HETHZ LD, 3RO BLAORIBAUOREFRD D% ER
THZLENWETD S,

2. MHEBLURBS®

21 MR

BERERED3FELE Y v v F 7 (Phyllostachys pubescens MAZEL) DFJERIRAL X R L
TR HEE Y Lico b EEEERAT L, BEAH 1xlem, £ 20cm ORBEIH (B
KRFE 78%) S1ARER Lic, thboREME XUNEARECIEROME ROV
FEORBETHLD, MFRBRE BV TEZAS D VIWEACETHAHNEEL, LOFF D
AN ==L, QBEMEALRNI SEE L, KESERBE 1/100mm o 514 ¥
Y—okty b LEHZEGRZER LT, hRFEOMER BWCHIE L,
2.2 mMilymERER
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g
- o b
85 - 85 ‘! (0) (1) (R)

(a) (b)
Fig. 5. Bending test method (mm).

(a) Center loading on 170 mm span. Deflection measured
at midspan” with a dial gage.

(b) Loading condition
(O) Loaded on outer face

(I) Loaded on inner face
(R) Loaded on radial face

51 ZORBK O HLEBCER LA 18 KL DWT, A4V 1Tcm, PREPHER LD
T HREARY B It -1, AEEIL Fig. 1 (1) © Outer face, Inner face ¥ X U Radial face
D3ELL, ThEh O-Type, - Type 8 XU R-Type L H L& 6 530k Uiz, BEABIER
HWERAOME CRABRA TECHE 1/100mm O 51 ¥4 77— 2% RBL TR -1 Fig. 5),
2.3 dh iy -

BHERABRI LI LDONICEMEHAOLFAREOBLEATERY 33 X0RBRF1ToWT
FRENR3HHEORMEBERDOWTOBRLAEZIEEL, Eo), En 8L Em ZEM LI, ZZTH
FRWHTRNMEERE R LT3, WEHE, BELARERER Fig.5 LRAKTH 5,
2.4 PIABMONEDORE

HEEANEREOED COMF BT 2HrMoNBLYBERT5 b, X vpRID
2em 7B T, REEE ZheRETHRERRK Y — ORk 3mm OEHHE Y — v (K
N—R) R L, HTRIERREA—DOWNERG CTEOWEE BT, RBAERR
L6 KT, £RBH &b O-Type 8 XU [-Type OFEHIL X 5B R LhZhillE L,

EWMEESRTIE I X D lREEL, ERMUARCE o %, FIRUNMECE 2R
A Licidd\~ (Fig. 3 (2), BEOZMIMEFATERN TS D L LW REND, EMANR
HHHIEE TOEMIKRKXTHAEIRS,

— &r
1= Y-H | (28)

2.5 RBLBE OV TRESLUDIIH

THOWERKT Ui 6 KORBA R BERTCFHC 2 581, ERANEH A6 A %
| XOPEESEE B @A) BB, Chb 10 KT b & R LT En, Em % L0
THOMELNE L,
2.6 BAUHBEOYYZKE, PIBMOLRES KT HRHE

 SEUF A, BRZhEh Fig. 6 0L 5 iclART, MUEENLER L TSR, 28
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FAORERCRLETHCEREREMAES X5, Boige
. . o . Al —— A7
TRETEHIAREME B X5 Lz, SAERDELVITTE
FORERGEELWbORERLL, ><
g |
B

2.7 KERELE .

EFRMERE LR T LR 5 A2 FhEhB SR 45 .
4L, Fig To X5 imEsE Li-HmfHy2x2cm, £X5cm Fig. 6. Construction of
DREM S BEER Lic, XERFCHEN LEBY - v Xl glued specimen

FIRE R b & b0 HRE L,
2.8 i OMEHE 7_"—20“’
TRORBAC AT RIG DR AGHERECRREL D Strain
fo, BH e~ 4 ¥ b iz 10kgeem LT EL, D AZRBRED [ h/ gage
F vy 7HOABACSELVWIDE LT, EhHkABORE S
BRSO 5 EH Lz, _L Radial
1 face
2.9 MEAOCLBFALEAGONE
KX 6cm, BEMH 1xlcm OREBRE 10 8%, ¥EHRE Outer face

ZThER T~ MOBKL e 5 L 5L, L RFs vk  Fig 7. Bdee glued specimen

for compressive test

BRUEHZ I DWW THELRE L, (mm).

3 X mER

3.1 ghiTemEsim

BREOTHER IOMEBEOEHEY Table 1 R, HABREX TOBELANDLEH XA
fov v 7REE, O-Type & I-Type BRERAEFETH B0 LT R-Type T2z h i b 1§
17% KEleoTwb, WAREHER [-Type B LE<, O-Type NE DM 2L h HE
FHE X hEEREYRL, R-Type RERSLOFE M- T35, Lis LEEGERIZDWT
A B EZOBFITHE L, R-Type & I-Type R iziZR%E T, O-Type Bz h b L\ HME
VW, BEETORZBIMEFAC I IERDLbhTEY, [-Type Tix O-Type D14 {5

Table 1. Result of bending test

Loadin Specific Modulus of Proportional Deflection Ultimate = Deflection
of:ce g gravity elasticity stress 6bp at obp stress op at oo
(g/cm3) (108 kg/cm?) (kg/cm?) (mm) (kg/cm?) (mm)

Out 0.717 105.2 802.0 35 1082.5 56
Uter  (0.693~0.749) (101.6~111.0) (759.5~874.3) (3.3~39) (1058.3~11366) ( 51~ 6.3)

Inner 0.715 101.2 4181 1.9 1217.3 224

€ (0.694~0.734) ( 97.7~106.0) (387.8~473.3) (1.8~22) (1143.3~1298.8) (20.0~26.3)
Radial 0.730 1207 600.9 3.1 1249.2 13.1

2L (0.722~0.742) (115.7~1265) (572.3~621.2) (2.6~36) (11995~12832) (11.7~14.0)
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Eio T b, —BICHHDEEITH S LIS 5D, A COREIES 5\ 1% EiC
BRI A U RECER S h s W CBEShs & Bbh, NEMCEREHIE LS
RETE, HAREREVWLOORAMES

COBMIEL I EL, Py
P, MM OBEREIC L S o’
F P B OB Bk BRI 1E RS Ui Fig. 8 28 pd
Bohs. LTy opyseomingst S| f/
ot 400 kefom? 2 VBV, chelx < | )
Tist OHE—BEA MR THE LD BSOE i
BuRbkL i, Thesmme OTyre | g L4
CULH O IR B 2% 49 800 kg/em? T BT b J J0Od
pbb¥, ThBEXTRERCELRD b / @ () (R’
CHITREEE LD,
PO R BRI, S Deflection

AHLMPHELZZT 2 b Vi, HAIRE
FBLTHLHECEL ¥ CORLBOLE
W, Wb SBRERORHEEY R TORK L, REAH»HOWE TR LAKEBERIT W
RErRd, FYEBERACHENMEETZIED WL, ChbohElhERyRT L5 TCh 5,
XA, HHOBTY v 7R LOBEORBRERORRCE LTL, ABRBEHBREH
EHRORBERTRCTH S L BRTHLEND B,
3.2 gTMKERR

BHABIC A U 18 Ak ER\ 7 33 AORBKE RO F ¥ fE3s L Ui % Table 2 iR
T, &8% 7y P LEFig O0bbEBRHB IR, EREFEC IS Y v 7R Er
(O-Type & I-Type OF3#) il L CERAWMEIC X% Ez XERC XK ERD (W14%), wiH
LRARCERFRCETH Y v 7 REIHOTRH LR LT 5,

Fig. 8. Typical Load-Deflection curves
under three loading conditions.

Table 2. Modulus of elasticity in bending (33 specimens)
Modul.u? of  Loading Min. Average Max. Stax.lda‘lrd o?oveggteiz;
elasticity face (10° kg/emd) deviation (%)
Outer 96.3 105.7 1139 3.3 3.1
Er Inner 102.3 107.8 115.0 3.0 28
Egr Radial 1101 121.3 129.7 4.4 3.6
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3 730r ®
- X10kGopr? °

120t

Ep

110¢

100k

700 110 120

Fig. 9. Observed MOE in bending.

Er: Loaded on radial face Er: Loaded on tangential face

3.3 RIMoOLE
6 EDRBAICOWTHIESh-ZEERB IOAEEOBNS, HE@OME 1 OHER
$HT5E4 0% Eq. 28 X bEE Ui, Table 3 O fE 2 & i % O-Type ¥ X I-Type &

Table 3. Observed value of ¢<= ~'1—>

H
No. of " Thickness Er " Er @ -
specimen (mm) (108 kg/cm? (103 kg/cm?
02 10.13 106.6 125.2 0.357
07 10,53 105.7 120.0 0.356
08 10.54 102.0 116.0 0.345
19 10.21 113.0 116.7 0.354
28 10.44 106.6 114.1 0.361
30 11.00 106.6 120.8 0.357
Av. o 0.355
S. D. 0.005
C. V. (%) 15
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LICERERREL, F-20RELLLDOOFEHETHD, FE— 2 VI OEEAR XHH
TEOMEOBIE B hish o T, RBAREIE 3, ¢ OTHIER 0355 Ligb,
¥ v IRE ORI TRERCRE LTS LIKEB SRS,
3.4 SERBHOVYVIRESPIE
HEORBRKE 6 AV BREECTFTRLhZh 2 58 Lichd, No. 02 38 X O No. 30 Ti&E
BRASER ARBEIARILES & LR, S8 BAABEL, FHRWERL I,
AR LEBRL4KRTHS, MHEERETHETZ IS, A BEOMTFRIBAERE
BhBE, 717 ORAFTAR—HCH I EE LHEANALR T, FILECTETOZEl
BHBHBRLTH T,
SERABIVOBOY v /EREPIBMOMBYFEEEOZh &xFH LT Table 4 /R
Lz,

Table 4. Observed MOE and ¢

Divided section Original section
No. of . Er Er Er Egr
specimen Thickness (0 (xaotkery o (}1ku) (avkey o
(mm) cm? cm? cm? cm?

02 A 6.95 133.1 147.3 0.380 106.6 125.2 0.357
07 A 450 1722 1614 0.445 105.7 1200 0.356
08 A 450 176.1 186.7 0.443 102,0 116.0 0.345
19 A 4,00 183.0 189.0 0.438 113.0 116.7 0.354
28 A 4.30 188.4 185.4 0.438 106.6 1141 0.361
30 A 6.05 150.3 163.9 0.396 106.6 120.8 0.357
07 B 6.05 76.4 76.0 0.447 105.7 120.0 0.356
08 B 6.05 73.7 72.6 0.462 102.0 116.0 0.345
19B 6.20 81.9 729 0.443 113.0 116.7 0.354
28 8B 6.10 739 72.4 0.484 106.6 1141 0.361

ERMSEK A DY v 7B, Er Er&bSEMOTh LD IWMMLTW2, AW
MOEERSEFOEVWLD L) FE OO EECAbIS, BEMSER B Tike
hiiey v 7REORBIETHAELRS,

BT E DAL E ¢ 124 EFNCIL T 0355 Th » e d D, A FT0.38~0451, BR TIX
0.44~0.48 1 & FHFRBE K OHLELE (0.5) ~NH - TESWTWh, 20X HK, DERTH
CRWTHRORD ¥ v 7R Lt Bo B b HW T 5 ik, REMO T v 7 REH
HEMOThCHBELTE LS ATV LERTIUNACERIIEZL DR,

3.5 MAERBKOVYIRY, PIMEIUHTHRE

BERM oY v 7 EROEE, FEOKBENI BB TRbRTEY, AF XD

T BEERBA O ErizThb 200x10°kg/em® 22 fo. THERBHC, BA X Dol
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Table 5. Results of bending test on glued specimens
Glued Thickness Er o Proportional Deflection Ultimate Deflection
specimen stress opp at obp stress op at o
(mm) (10% kg/cm?) (kg/cm?) (mm)  (kg/cm? (mm)
02A +30A 12,75 201.7 0.502 1269.8 24 21834 missing
07A +08A 8.75 243.2 0.503 1391.7 3.2 2587.3 16.9
19A +28A 8.20 231.3 0.512 1275.9 3.2 2410.1 159
07B+19B 12.20 63.5 0519 3279 20 7214 6.5
08B +28B 12.10 56.0 0.514 342.7 2.4 679.2 6.5

ARRBED Eril, BREGOY v 7REEZILETEbLA#H60x100kg/ecm? ¥ CTET LT
V% (Table 5), HBOMBINITEID 12 LigsTW5, ,
A KR LA ERBAEDHRES, Table L » LType 0Fhic kst LT i B IR B - 3
s, MTHRECH2HELLTOMEIE LLALTS, BRisliaeiBRAE iy, Tablel
D O-Type X35 T ¥bbHERR L,
3.6 BMEREIUROER
EMABR TRIRAREDO L HOACESY — ORMMA Lick®d, ZOMEMIEMBNERC XD
HEURERNEROHREYZT, v v /7 REOFECITREY &/ -7. Table 6 D HHIRRIG
NELFOSDEEECLRITBID LT,
BRoRBOERIL Table 7 iwm3., ZORBIC KT AEH A 72 10kg:ecm TH Y, =

Table 6. Result of compressive test
No.of Specific e sestoe
(kg/cm?) (kg/cm?)
01 0.74 466 768 0.61
04 0.74 396 741 0.53
05 0.72 320 708 0.45
06 0.73 310 n7 0.43
29 0.74 255 724 0.35
Table 7. Result of torsional test
No. of Specific M I\;Ii;cilc‘llilgs GOf
specimen gravity Width (103 kg/cmz)
03 0.73 1.067 " 105
24 0.75 1.205 11.8
25 0.75 1.204 11.0
35 0.73 1.175 10.8
36 0.72 1.100 10.6
39 0.72 1.206 10.2
41 0.73 1.273 11.3
Av. 10.9
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RIVHEIRBENFORAMIEIEH 50kg/cm? L ies, ORI HOESWFELH
BIREPICH 55 E 5 IR TH 5%, WE—R ) AOBRIVThoRBRACEWTLE
BRITH -T2,
3.7 ¥ZFRAOHELT

10 [HORK X W B A 82 MO O 1
B GENC, oMK ORBEE X RO 1.0
Br#Ecs vEXNT5L, Fig 10285, .
BABEZEDHEFOLEBINLIZCHY, Zh
I D ARANRE D TR ETHRALR, BA
HeFET>EEMRE BB wBET 580
THO05 Lieh, BEILZOMNEE TOES)
FEERIE 2 KRB ERB LN TESD, B
BORHNBELZER LW REEMREL&LH
B OREITER E S Bbh 2 RAOHMEZ R 05 ' H
L, 07 &trnte, = DOWEOHEHME LS Distance from outer face

. . Fig. 10. Distribution of specific gravity

LA EIRTWEWA, HBEBSEMCIIEER of 82 split pieces from various
DETE LI H4 TH 1, * - fF BRI 84 positions across the culm wall.
TZDWFDFIRME B EB VL, EBIGH VA TCEML? 59 72X32HCE LB ED
MENS, BEMRBECIZOLENGEZLIhIBEOEBIIFEL TV DLHEES
ha,

1.3

)

)
.
L

.e..
o

0.5F

Specific Gravity

4. BERAMOBAEDIFE

L1~1.3 B~k 5 e, WEBROEERAICKE 5T ¥ 7 REONM ik b 5 BE TER
FhE, SHORNGOY v 7B Er, Er 3 LOHIOME 1 OMOBGREED, o
T, EHIhicEiiZ 3BOEBEENLDEINIHEBSRCRALTEAD DR LML
W15,

4.1 HZEHBRH(CHT S Er, Er, ¢ DBEK

B EIEAE A Lic 6 R 2\, Er ErBIV e OEXATh T hERIh
Tbid, ThHEES Table 8 ¥ iz, Eq. 11, 19 5 X0 27 i 2 HOERELRA
L, oo 1 EOEE ThEThELTA LAROHEENRES LS, ChbOHEEYX TR Eh
ERE TR Lizlba &5 & (Table 9), 13RI X3 RBEBDRERFE IS FTEMIZ, Er B X
Vo TH22% ThElRkEloTwd, 2KREERE DX DL FBHTEYE T EDERX
AL BN, BERELDEL, MoBBKECEBEThEIRIBRVWEEEXTT. dbAHA,
MOBEERC L VFEEAEDOLVBEVIERE L LDHTLRFETHES I N, UEBEDHS
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Table 8. Observed and calculated MOE and ¢

No. of Observed Calculated from Eq. 11, 27 Calculated from Eq. 19

specimen Egr Er @ Er Er @ Er Er 14
02 125.2 106.6 0.357 141.1 94.6 0.389 122.6 108.9 0.350
07 120.0 105.7 0.356 141.0 89.9 0.400 122.2 103.8 0.361
08 116.0 102.0 0.345 143.0 82.7 0.400 1219 97.1 0.361
19 116.7 113.0 0.354 151.8 86.8 0.449 131.2 100.5 0.405
28 1141 106.6 0.361 138.7 87.7 0.426 121.2 1004 0.386
30 120.8 106.6 0.357 1411 91.2 0.401 122.6 105.0 0.362
Av. - 1188 106.8 0.355 142.8 88.8 0.411 123.6 102.6 0.371

Er, Ezv:u (XlOé kg/cm?)

Table 9. The ratio of calculated to observed value

No. of Eq. 11, 27 Eq. 19

specimen ER EI’ (] . ER ET (]
02 112 0.89 1.09 0.98 1.02 0.98
07 118 0.85 113 1.02 098 1.02
08 123 0.1 116 1.05 0.95 1.04
19 1.30 0.77 127 112 0.89 115
28 122 0.82 118 1.06 0.94 1.07
30 117 0.86 112 1.01 098 1.02
Av. 1.20 0.83 116 1.04 0.96 1.05

C. V. (%) 51 5.1 5.4 47 46 56

WIRBEEOHBEBC LA EMEOESOXYEETH L, BEABEKC LE Y v 7 RED
FHORRIHEHVEBREZ I AVWEBbh 5,
4.2 2XBEEERCETAHURREOV Y VR#ME LOhIT AT RO K

Fig. 11 Q) @RTEE MU EF ADES T Ha b L, ZOHEFOHF Lo srE s
AbTBE, Ea3 0 Hu HawKL, A% 4 &3\C Eq. 13 2RA LT,

ol (1-20)3T ) ¥ 4+ (5—80)
A= Hy = A1-20) T ,—3)V,+2B89) (29)

H A .
T, WA=?A“, o= 7 (5HIgn)

BREMEC IHMTY v 7RE 4Er i1 Eq. 10 tEROHBEE Bt 212,

4Ex = 4-{3(1-29) (6~ 1504+ 10620 W% 15(1~20) 3~ 8.4+ 662) Vs

+5(65-8¢)(1 —3¢A+3soa)} Ex (30)

FEMMERC X AHMITY v 75RE AEr 2
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T L , | I
T :Tg ..... AT i
.Y A J r ] ¢
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(1) (2) (3)
Fig. 11. Expression for divided specimens.

(1) Original cross section =77

(2) Divided specimen A including outer face SDA:-I?IL’ WA———TI“

1

(3) Divided specimen B including inner face ¥z= Ilf , ¥p= e

H
iBr= g | By = {2201 6- V0¥ .+ 6-89) B
A Jo . .

T ER 3 EWOLRERMER L2 v v 7K
Fig. 11 (3) o4& A B2\ T % Mg M0 & 15,

sEr 8 XU EEWEC X% sEr %d‘ﬁ’?‘z‘ldu—l"@ LEbhEies,

Az (1-20)F%+(4e-1)
B = T, T 40—-20)U%+2(dp—1)
ZCT, Us=32, o= I; Gt
'BEI'—

Hy

Hpg

(31)
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3(1—2¢) (1~ 55+ 100%) %—5(1—4¢><1—3¢B+3¢%>}ER

(32)

(33)

Table 10. Observed and calculated MOE and ¢ of divided pieces
No. of observed Calculated from Eq. 290~34
divided T4
specimen $a _AEr aEr P4 aEr aEr
02 A 0.686 0.380 133.1 1473 0.392 141.3 156.1
07 A 0.427 0.445 172.2 161.4 0.438 174.1 180.0
08 A 0.427 0.443 175.1 186.7 0.438 168.5 174.2
19A 0.392 0.438 183.0 189.0 0.457 157.6 159.8
28 A } 0.412 0.438 188.4 185.4 0.448 159.3 162.9
30 A 0.550 0.396 150.3 163.9 0.419 155.5 164.3
¥r ] BEr BER ] BEr BER
07 B 0.575 0.447 76.4 76.0 0.427 75.0 75.4
08 B 0.574 0.462 73.7 72.6 0.427 72.3 72,7
198 0.607 0.443 '81.9 72.9 0.454 89.8 88.8
28 B 0.584 0.484 73.9 724 0.444 79.1 79.7

U4, ¥5: Refer to Fig. 11, E: (X103 kg/cm?)
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Table 11. The ratio of calculated to observed value

No. of
divided Dy AET 4Er
specimen
02 A ’ 1.03 1.06 1.06
07 A 098 101 112
08 A 0.99 0.96 0.93
19A 1.04 0.86 0.85
28 A 1.02 0.85 0.88
30 A 1.06 1.03 1.00
173 BEr BER
07 B 0.96 0.98 0.99
08 B 0.92 0.98 1.00
19 B 1.02 1.10 1.22
28 B 0.92 1.07 1.10
Av. 0.99 0.99 1.02
V. (%) 49 85 11.2
2Bn = {20-20) ¥a+ 4y -1)| B (34)

T ER IS EFIOYREREC X 2T v v 7&REK

SER DY v 7 HRE R L O, Eq. 29~34 IR0 Er, ¢ BIOHEES Ha b
BN He #RATHZ L TRHETEL LT TH D, BMIHOAR6F, BF4AROVWTET
7t o T it EME R % Table 10 i, ERECH T 5 EEO L% Table 11 iR L, FHETIX
WTRLBIFR—BEARTVED, EHRE TR Er OFEENRW ki TWd, L
DU 2B LER LCTEROEEHIIRL, CheBB LERER2E ) 2 KRBEBKE
D Eq. 13 RBEOY v /M RES it Y ERERBELTWH30LELDND,
4.3 HAEHBREOEMENECXSHBITV IR

Table 5 R Lick S, MARRABREOPIMIEZO B E -439& MBLTNDZ L
o, ZORBEDOY v /RES Y Fig. 20X 5 CABFHEBTLCHELYBI Kol
Table 12 @R % 7R T. T THEATREZ LT, AD

HaeRABtko Rrdov v 75 Er1x Fig. 12 X v A _%
Bbhi k5 cBMHEO Y v 7B Er L0 b/AhE Ty, v

FIBGC B - oli& R 0 Er 3 RIEO E X0 b &
Kelebo &Thb, ToOEMEE LT, Table12 X g %

h Ef>200 x10° kg/cm?, E,<60x10°kg/cm? & /%, & B §, o

7 Bq. 16 3 X017 b 3H B & 1 B By 5549 260 % =

10 kg/em?, E, 73 50 x 10° kg/cm? & 7z b (Table 13), Fig. 12. Assumed distribution

N of longitudinal MOE
+rOFREERHETHEHCA D, REKR, Table2 @ in glued specimen.
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Table 12. MOE of glued specimens 300
(X103 kg/cm?) x10%grem?]
Specimen Observed Calculated Cal./Obs.
Er Er Ef
02A +30A 201.7 207.9 1.03
07A +08A 243.2 2117 0.87
19A 4+-28A 231.3 185.4 0.80 200t
07B +19B 635 68.8 1.08 2
08B +28B 56.0 69.9 1.25 §
' 5
Table 13. M(I)E offoutermost1 6ﬁbler cal- i.' £
o -
culated from Eq. 16, 17 . ! AN I
No. Ey E. S
°
02 268 54 3 \
07 259 51 Ec
08 260 4“ ,
19 253 49 :
28 241 51
30 259 52 00 . A H
Distance from outer face
Av. 257 50
Fig. 13. Calculated distribution of MOE
Ej, E: (X103 kg/cm?) across the bamboo culm wall.

Er B IO Er OFHERZ S LV TEE LI BB BT S v v 7{_ ¥ D % #i = 7 1% Fig. 13
ALK, ErBICE REBCHETSZ EORTEER, STELEOKETH S, Ulch
NeERROBRZ B ATHE BEH E=250x10°kg/cm?, E,=50x10°kg/cm? k% 2
TRWEBbh%,

5 E L)

YV VF7EHORNTOMT Y v 7 REAHEARAC X W BB 013, BERORY
V7 RBARKEED O DEEC X D ERHNCEL LT 51DTHBEEL, o hHKPHE
BUBERTRATAZ L2RAT, BEIOOER y BIT5 1%k, 2%KE L0 3 kOBKRK
ZREL, ROToOlTFy v 7REB L OPyELBEORHEL I DVTIhbOROFEA Y
ZRALICEZS, ZREBCIDZRAZRIBVCERELR L, 0 2kARE ST
HEIADEA B ICHERRBIORNFOY v 7REL, EHF—2 LB —%L, 2
KBABZ LB v 7 RBODHHORBAXEANCHICHTTETH D Edibh o i,

» & M &

AEBROERIVEZBL, HHORBEOY v 7REITH 200X 103 kg/cm? T & & &
Bh, ZOFERAF-BRET—RLCFEHIATWE 77 ABEROThEBL L3 E 57
WV, ZOWHBIRT TS, HFELETCHREINRTED, ZoEBRIEBRNCEILIIRTHWAH
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OHAEOELHLRNTTEHRE -T2, BUNFHRELF OR[N Cic
bHHTERERBLLRETH 5,

2 E X

1) 8K %: HHORERHH. FH, 1235, 1213, 1963,

2) A W: WHOWR (H1H), (B3H). FANHE, $3632, 1948

3) KH #: MHOMECHETBHE (5158 JLKEE, 5295, 1957.

4 JLHEE: BfETv v v s HOMERR. FAE [ENEE] $9%, B2 8, 197.

5) ERAKEBUERM: By Y v 77 OBBRNHE. BRKYESAMNZEHRRLE, 315, 1978,
6) TIMOSHENKO, S.: #¥t71% (k) 1955.

Summary

In this study, some mechanical properties of 51 specimens cut from Moso bamboo
(Phyllostachys pubescens MAzZEL) were determined. Test results are summarized as follows:

In bending test, the load-deflection curves showed three characteristic figures according
to loading faces (Fig. 8). When loaded on outer face, fracture occurs to some extent suddenly
as in the case of brittle materials. Under the condition of inner face loading, however, the
test piece is so pliable as to deflect four times larger than in outer face loading.

The modulus of elasticity from bending test showed some discrepancies between loading
faces (Table 1, 2 and Fig. 9). This fact is to be attributed to the ununiform distribution of
longitudinal modulus of elasticity across the radial direction of bamboo culm. In order to
calculate the modulus of elasticity at any section in the culm, three mathematical expressions
were assumed (Eqs. 1, 13, and 21). Estimated values from these equations are summarized
in Table 8 along with observed values. The values obtained from Eq. 19 based on quadratic
function agreed best with tested values (Table 9).

The validity of the equation was also examined by applying it to divided specimens (Fig. 11)
and glued specimens (Fig. 12). Tables 11 and 12 also proved the suitability of the equation.

Moduli of elasticity of outermost fibers were finally calculated from Eqs. 16 and 17 (Table
13). " The modulus of elasticity of outer face is about five times greater than that of inner
face, which agrees well with the resulc shown in Table 12.
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Appendix List of all specimens used in this study
ZNo. of B H Specific e Eoy Ea) Ewm
specimen gravity (x 103kg/ X 103kg X 103kg/)
(mm) (mm) cm? cm? cm?
01 11.09 10.15 0.738 C 108.3 104.8 124.8
02 9.93 10.13 0.731 ?, Div. 106.0 107.1 125.2
03 9.81 10.47 0.731 G 106.7 109.1 114.1
04 9.89 10.32 0.739 C 104.8 109.4 117.8
05 10.89 10.20 0.723 C 1075 108.7 118.2
06 10.78 10.55 0.731 C 102.7 106.5 110.1
07 10.67 10.53 0.734 ¢, Div. 1044 106.9 120.0
08 10.46 10.54 0.730 ¢, Div. 101.4 102.6 116.0
09 9.85 10.22 0.736 104.1 104.1 117.9
10 942 10.09 0.724 104.8 104.8 121.4
11 8.94 10.11 0.725 105.9 102.3 1215
12 8.03 10.35 0.714 B — 100.1 —
13 8.27 10.22 0.721 105.2 107.0 115.2
14 8.60 10.32 0.729 B — 1035 —
15 8.52 10.22 0.739 107.6 107.6 1215
16 8.03 10.58 0.694 B — 96.1 —
17 8.04 10.36 0.726 B — — 116.0
18 8.63 10.20 0.742 1139 115.0 129.7
19 9.94 10.21 0.751 ¢, Div. 1124 113.6 116.7
20 8.46 10.17 0.749 B 109.9 — —
21 7.79 10.28 0.730 B — — 123.6
22 8.18 1041 0.693 B 101.5 — —
23 8.64 10.36 0.734 B 107.5 — —
24 8.58 - 1034 0.753 G 1079 111.0 1254
25 8.57 10.32 0.749 G 106.7 108.7 123.3
26 8.74 10.37 0.654 109.1 108.0 121.9
27 7.24 10.18 0.732 B — — 114.9
28 11.63 10.44 0.737 ¢, Div. 101.9 1114 1141
29 11.07 10.40 0.741 C 108.3 113.8 1285
30 10.26 11.00 0.718 ¢, Div. 103.8 109.4 120.8
31 9.72 10.37 0.750 108.5 1109 124.8
32 9.47 10.80 0.722 B —_ — 119.3
33 8.58 10.57 0.715 B —_ 102.9 —
34 9.27 11.00 0.713 96.3 105.4 120.2
35 9.10 10.69 0.731 G 103.6. 105.8 1214
36 9.47 10.42 0.717 G 103.2 106.4 121.3
37 8.57 10.50 0.728 106.1 109.2 1248
38 8.88 10.65 0.706 B 102.0 —_ —
39 8.69 10.48 0.718 G 104.3 106.3 119.1
40 8.52 10.54 0.724 101.7 105.5 123.8
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Appendix continued

No. of B H Specific e Eo Ew Ew
specimen gravity (x 103kg/) ( X 103kg/) < X 103kg/>
(mm) (mm) cm? cm? cm?
41 833 10.60 0.726 G 103.2 106.1 1220
42 8.76 10.52 0.720 1095 108.5 126.1
43 8.45 10.63 0.743 106.8 108.9 1240
44 7.72 10.57 0.731 104.5 105.4 1249
45 7.37 10.50 0.742 B — — 123.5
46 8.08 10.33 0.722 107.9 107.0 126.0
47 768 10.55 0.703 B —_ 100.5 —
48 6.35 10.45 0.748 B 109.8 — —
49 6.89 10.46 0.730 B — — 126.7
50 7.37 10.54 0.734 B — 106.8 —
51 6.36 10.97 0.726 B 104.5 —_— —

Note C: Specimen used for compressive test.
¢, Div.: Specimen used to determine neutral axis and divided into pieces A and B
shown in Fig. 11
G: Specimen for torsional test.
B: Specimen for bending strength test.



