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Basic Study on the Various Glued Joints (2)
On the Bending Properties*
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ShTxb, —BLORKE, MOOELERTAZLIXTER, ZOD, Lo OBER
WHEEh, RARHCETE =27 AvDFERBBH TH 5,

REBEHOBEET (Fettn) Tk, BIEALLTHEShLD LY, EREIKRE
ey, ELMALEL DB, TOD, TOEAR, AEGLEVEASOFEOMEL D 2,
Wb B ERIEES LFThTWv5, B#Y THVCRIESER, BlEdx ], € vERLXOL
LT, ZO¥RELZRLIDDOTHS, ORI, LB OBEARBEEFAHCIALD
DTHBH, ThieRl, T by, BAREL " FEREEKEL T2 vEa— 2@ LTW
5, ERISEACETIHERTIL, SBCblcoTkY), ThbAHECHRLE S I,
FORBRBN TR ORBETH S, L0, FRTIIHHRY A PERFOPOEE -
ERbhBLDOROWTENI 2TV, KENCBERNTTFELYRHES L LICROTH S,

Rz, 5% EREREEe LEEER L, 3, »HdL hLIEROBEELR
EBERT, FO®», ThLhOMEXZTLEOERES LI C@TL, ThbzER
b, TOFOEBIMFTTED, LBLOIhB, LIEL, HBPEBRTRBRET-
P-RBEOTLIR T, B, R U Y ERIFEER DIV, LBbhHDTERC AR TRV,

MM, HoAFIBERERZHROREBI O W TR L, £OBR, AlE,
180 EEARRBRGTIE, BRABMEELTLEL bRV, ThRAL, 0EEGHARGE
DBE, —HHBIEF) CHREINEY, TRbLMAC I AMOMEINE VB, WIE
NIELIed s, BREIBAITHN, MEIHVRARD L, RMEBLEMRE OROHBEEIIR
bhird s, KM TRMEINECBECI—BMORNERORITECLOLARET
3, ¥, BHRAHTEI—BROBATEORLIOLARELPPRELSD, RMERIHNEKRSL
ftnE, TOERERALREL LS, b, WM, RMEINRIRDEML, T, B
NHELESTHWM UL, FWTIE, ThOORBRYECLT, BTHELZT5RKOML0E
BronT, MES, Mg, PWREEZELTERETR T

ZREETROICHIY, REBBVNLLEHBDELE -, LBEXFRERAREE, RE
2HMREZHAM N TEEBO LHERSE, tERFRHECEI BHORELER TS,

2. BEBRUBIUERTE

21 §t B #

R LickRhz, BTy v 7535 109 t/em?, HE 043, 44K 14%, FH44EKIE 2.7 mm
DIAREMFREREDO T h ==Y (—8 P F=Y) 024 H4T, R-lernT Lo, 7
I FEBRIRABC 5 X 5 EF K, BHE4cm, BHEV24ecm RS X5, R
FIREEY CHEFLER, =—rv 4 FS-121, BHE LT vE=v 4, BEEK
05% wRA) THEBESE LI, ¥k, FlI(74vr—v a4 vi) oftRAMix, BBHLA
With o 1,
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22 K m &
ABBOEHT Tz, KEBEER 1AM EREZIRTHLT o, FRLEABRE

M-2 ZRT, 180 EEARBREL, a #4147 (B Llem, —KM), d 24 7 (K 05 cm, =
m), fx4 7"’(1%1!3 0.5cm, WHM) B LXOFI T, MBI, thLhoRPBRE2% 2em,
4em D2WIRTHSH, WERARREL, a2 7, bs4 7 (MB2cm, —KW), c 147

= —
—

!

-1 RBRGERTEHR
Fig. 1. Assembly of the specimens.
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Fig. 2. Configurations of the joints.



584 RBEAFRFEHBRTRRE £40% H35

(W8 3 cm, —HM), e XA 7 (WIBLlcm, —=KH#), f x4 7B XOFI ©, WEXIZ, Fhz
hozxA 7o, 06cm, 1.2cm, 1.8cm, 24cm D4 B CH %, FJI12, ¥y +4mm, +
y 704mm, FHHE1:8 TLLHKERD 7 4 vH—h » 2 —THHIL, 180 B I L HWRBRH

- P -
kUt M, MEARBHIKRT, F) £t B (15 A REA)

AR, 180 EEARBRE T 30keg/cm?, 90 Table 1. Properties of the end-to-
B2 A 3B 5 T 60 kg/cm? O FE REE% N % C end jointed specimens
Firote, Specimen b h E n
(cm) {cm) (t/cm2)
ERBEOEARHOBRARL %1, — o
2w, d 3.98 2.37 113
23 BRI * f - 4.03 2.38 108
180 A RBRADORR S Y K-3 1, F) 3.97 2.36 94 3(384)*
0 EESRREDRBRFEY K4 10 RS, (Remarks) &: Width, A: Depth, E: Young’s
modulus, n: Number of the spe-
1B0EESRABRME TIE, ARVRRT cimens.

1/100 mm BED 5 & X 4 7 — o Crh R 55 2 * Compressive strength, parallel to grain.
%, XARLIAM4A3cm OFCLI000mm EEDF L 447 —OR X - TEMEREL, X
RERAL RS,
0 FEAABRGETIE, WEAT Q) $XV0 =2~ —AHE»5 20 cm OFF (B) ¢ 1/100 mm
F—2 EWME (90 ERsRRE)

Table 2. Properties of the side-to-end jointed specimens

Specimen b h E €ob 0¢ max0c
(cm) {cm) (t/em?)  (X10-3) (kg/cm?) (kg/cm?)
a 3.95 2.32 122 7.03 42 104 12
b 3.97 2.38 109 7.27 41 109 12
c 3.97 2.39 105 7.18 46 110 10
e 3.96 2.38 112 7.24 46 115 12
f 4,01 2.38 109 7.19 48 131 12
FJ 401 2.38 109 7.19 37 91 3

(Remarks) ¢on: Bending strain at the maximum stress, poc: Proportional compressive stress,
perpendicular to grain, max ¢¢: Compressive strength perpendicular to grain.

P2 P/2
F e T8 |
| TJ I'—ﬁT_" | *%0
4 200 200 43
400

R—3 #R&HE (180 BESRRE)
Pig. 3. Testing method for the end-to-end jointed specimens.



H#EACP T2 EROWR (BH-EH) 585

= 61 N <

''''''''''''''''''''''' (o =
s 6

w |

Bl RRHE WEESRRG)

Fig. 4. Testing method for the side-to-end jointed specimens.

Jiﬁd

40,|

BEOF ALY —T, Flha—r—HEND 25cm OFF (C) T 1/1000 mm ¥EED 5 2 £
A= TEREROBHEMLZIEL, i, MEXMLICEH OFLEMSBERH O
B Z - T 10cm OFF (D) € 1/1000 mm EEDF v 2 4 ¥ — o THERZHOBHELH, #
AWMOEEACBRELT, A B C S0FMNBEOBIERTI- T,

RABuz, TTAIEARLTR, RARERTOEMNELIE L, BEE, RERABRY
il HOARKE, HEBELYIE L, to#%, EHEEs Xy, HTFRRARSE, 7=
v 7BIMTRER G, MO EMRABRGE, ICF]RBRE»OREMGRBRGLY VRY, XBHE
ARt Ui,

3. BERBIUEER

31 MR
3.1.1 180 BiEaKME
BOEZARRGOREABRER L -3 R T. 22 THVWRHEERKRAR X h B,

B3 MIERRER (10 B ARKE)
Table 3. Results of the stiffness test (end-to-end jointed specimens)

Speci men 5obs 5ca1 acal/aobs 0obs 0“'1 0cs,1/00bs
(X10—3¢m) (X10—3cm) (X10—4rad) (x10—%rad)

180-20-a 5.3 29 0.55 3.2 35 112
d 5.5 2.6 0.51 34 3.1 0.98
f 39 27 0.69 2.5 40 1.31
180-40-a 43 27 © 0.63 27 33 1.19
d 44 24 0.57 29 29 1.00
f 4.0 26 0.68 28 32 1.20
FJ 27 3.0 111 1.8 3.7 2.04

(Remarks) fobs: Observed angle of rotation at the support.
fca1: Calculated angle of rotation at the support.
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dos = (Bt @4 +D) | (1)
Oens = —L0_ (80, + L+ L) (G +1) (2)
cal GEIL 1 2 1 2

bk

I=-75

CTC, Gear: AAVHROFEEME (cm), P: HHE ke), 4: XTAGrLHWERETTORM
em), E: ¥ v 7% (kg/cm?), 4: WEAFOERE (cm), L: 227 (cm), beu: ZREARA
DEHE(E (radian), I: R =K E~2 v} (cm¥), &: #iE (cm), h: By (cm),

¥z, EREMAORWEL, KRX YRD, ARTRDLLOZFHLTHCE,

%ﬁ#%f ‘ (3)

LT, Oobe: ZEMEFAERE (radian), 0x: FUEAAF—COHA (m), L: THIDT
CEAY— ¥ COERE (cm),

(EfRr o EE/ (B OERIE) AR E TS, ¥, MEIKSOVWTRS L, MRS
NREL B, AIRBRIETAEL RS, LhL, 24 7HATOAS Y 2NFERKXEL,
MEIC L HEEELL D, BEBTORMESE, REESORTRIBLOOHBAENX
S5icBbhd, i, MEoWCRAE, MEXREL kB E, Z0HRIXALETHETFHEZ
hicht, —BKRCHOMEDID I WEL hol, LrL, Zhiz, MEESTXCA—T
VDT, FOFFTHETLZ L2 TERY, d2A 7L 24 7R BT HE, BEEILL
FATNAd 2 A FD28THHDT, BNBZThCH > T RS> TWwS, LrL, £D
#a, WAEHEMEE L 2EAES, MRS 2cm O, 07415, MR 4cm O, 084 %
ThHote, Zhiz, MOPBROAOKENEFE IATEYRCIDIDEELLhS, ZOZ
L, MMEEOZ Lvagqd 7, dx17TbRASh, MBOE W4 51 7OHFBREMITK
Eis, BREL ThbOZEESWTE, AFRTE WHROWERIRD, BETS
C TR Do, |

ke, R EFAERACOVTARS, RIESRR, FI 2R EZEF05~07 THBHOK
L, ZAERAISECENEOHIHEE L W EFIEhot, TR E XD, BBERT
AMHE O TR ET, BABTITh#Ns X5 aER b, BAWMTHELOWIEER)
LEFHEIhB, Chied L, FIcflBgRAALR, AEHER L1 & RPEM
BRPINEGD X S B B0, EABMSAL Y2 LA, ThbOBHEROVTE,
ARETREBCWHVE, BNEAEYHTC LYY, BEROMEBYMAZ LIXTETH
%5,

b L, MIEPROETH, BERLEFEETIOND, FRTHVCRIESRIZ, &
RECHWERREDOHEROLOUAR B Z EIRTERY, BERD, Ay, BETEOCE
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iz, BHAGOEMECHTHHEARBOEMNBROHGYEIIEEINLTH S, £OTTDH,
ERTCRENHABHDRYMBOREREOBEE LB TS L%, dEvEROL VT LT
5, ThOoYEEEET R, E4RCORBHRORTAETRLTIENRIIRL, £0
ERFEOBMHALETH B,

3.1.2 90 EEAEME

BEYEARIVE-STELE, 22T, BHEMIIRAL IRDE,

R A (4)

T, Oovs: EMEMOBIEME (cm), 0ips: TOEAY—COF A (em), I: 2—F—-HF
WEFLEaAY - ECOEM (cm), 6p: FUaALY—v (D) OREA (cm),

F—4 AERRER (00 ERARRE)
Table 4. Results of the stiffness test (side-to-end jointed specimens)

S . fobs _(?en.l deal / Bobs
pecimen (x10-3cm/kg) (x10-3cm/kg)

A B T A B C A B ¢
90- 6-a — — — - - = — — —
b 138 60 50 43 14 0.3 0.31 0.23 0.05
c 130 58 82 43 13 0.2 0.33 0.23 0.03
e 128 56 4.8 43 13 0.3 0.35 0.25 0.05
f 122 48 39 4 - 14 0.3 0.36 0.29 0.07
90-12-a 134 59 4.8 42 13 0.2 0.32 0.23 0.05
b 117 51 42 43 13 0.2 0.37 0.26 0.06
c 111 47 37 48 15 0.3 042 0.31 0.08
e 104 44 35 45 14 0.3 0.44 0.32 0.07
f 95 40 30 44 14 0.3 0.47 0.35 0.08
90-18-a 127 56 45 43 13 0.2 0.34 0.24 0.05
b 102 43 33 45 14 0.3 0.44 0.33 0.08
c 82 37 2.8 44 14 0.3 0.55 0.38 0.09
e 93 39 29 43 13 0.2 0.46 0.35 0.09
85 35 26 43 13 0.3 0.51 0.38 0.10
90-24-a 118 ‘ 50 41 45 14 0.3 0.38 0.28 0.06
b 88 36 28 45 14 0.3 0.50" 0.38 0.09
c 100 41 31 48 15 0.3 0.48 0.36 0.09
[ 90 37 28 - 43 13- 0.2 047 036 0.09
f 90 37 29 43 14 0.3 0.48 0.36 0.08

FJ 98 41 34 50 16 0.2 0.51 0.38 0.06

(Remarks) dobs: Observed deformation, dea1: Calculated deformation,
A, B, C: Gage symbols.
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o—— a type
Beeneee b type
o~ ¢ type
601 o—--- ¢ type
A—— f type e
< AN\ ©
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B—5 #ERRER (90 EEARRE)

Fig. 5. Results of the stiffness test. (side-to-end jointed specimens)

¥, HEEMIKRL DRDL,

P

Sexs = 57 (3L—D)

(5)

TZT, Ot BHERFRBREFE LICROFHEER (cm),
FHEER)/(BEENELY) PRIMSERET S, ¥7, MRICIHAEHRAOEEL L

5L, B THIENRNIWLORKRE, WEINVEIRSE, ToEBDRIL, MELATT

2F 048 (T E D, Ziuk, FJ o051 KEWETH H, MEHENINEIEE IR,

FlEZRIZ 05 AWK THZ L nFHIhDB, &
DT L, BERY CLEABOKEEZB TS, BHE
WEFE, TEBIUBENRL S D, HEXOHE
BHETERWA, HRELT, MEINEL RSB E
AlERII LR L, 30 7/8 TRAMERZE D,
IThUERL B LD Lic, MBEBEIVRESBLH
g, SERHOBMEI OIS LERL, TR
FBECHBEREI NI B DTH D, ZOHEA
2, PYMEPREELABACIRORS, PO

Bz, kRXVBOhD, MOFBROEHS L, B

MLLTR-6D0 X iciKETS &,

A
Al

& o,
' 1§ IT
MEY— - Om
O 1€E¢

A

2\
H—6 mhsmofE (90 ke
BRBE)
Fig. 6. Assumption of the stress
distribution.
(side-to-end jointed specimens)
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_ 3M
vh = \/htan0
M = PL, o = bé,

tan @ = (Gons —5ca1)/l

(6)

(7)

TZTC, ph: 5ERIENBORSNE X » harfihd COBEM (cm), 6 Wi THEORICBEAFIER

N OBAE (cm), 7, FIBRARIE,
12cm, 24cm DR IDOLD LTl oT
WitWDT, T T, 24 ST EOFHHE
LTRSS erTEzAVE, 0: BE4EE
=AY (radian),

6) ROEREY F-4k, FioFMoTdir
o EY 1L LROLh EFhoREI T
OHITEE TOEBOEE LR X & OBR
¥ H-7Ternd, MR X5, p i~ S
BhHELEL, MERITERRBE, BEHIR%
Bz 10% gtk &/ Xv, Fhicx L, E &
ORI, H-Toxok, MEIN3M4M

1.05-

FS5 huEoiE (90 EEaRRE)

Table 5. Position of the neutral axis
(side-to-end jointed specimens)

Specimen ™ tenon piength (cm) (x lgis cm)
0.6 1.2 1.8 24
a — 0.59 0,61 0.68 8.39
b 0.55 0.60 0.68 0.78 7.56
c 0.48 0.55 0.66 0.61 5,53
e 053 0.62 0.67 0.68 6.25
f

052 058 064 061 493

Av. 053 059 065 0.67
C.V.(%) +11 +8 +7 11

(Remarks) &’: deformation obtained from
the tension test (Calculated from
Ref. 4).

p o o ~
- ©0 © (=]
@ © e o

o
®
s

transfer ratio of neutral axis

o——0 Ezomatsu

&= Mjzunara

ht4 hi2  5h/8 3 TR K

tenon length

B—7 BEIPUBBBHOBRF

Fig. 7.

Relation between tenon length and the transfer ratio of the neutral axis.
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EETRREERNCBHT 50, Thiz s rofTEEdT5, coz b, BT
AR RIRTWAERY Tt i X+ 5oR Ty, AEoEANRO R, Thbo
TEnD, BEEROEBADUERNELRD, y=mhimh, z=lh LT5E, RROERE
BABLND,

y = 0.36x+0.7 (8)
OF-Wa/N
tan0=i;—l;g (9)

8%, R @ REMRALTEHETS L,
. 21eM
0= fo36I+0.7RF R (10)
Eith, ZTZTC mh: ThZThOMEETCORITHMOERE (cm), 1mh: FHRTORITHBOEE
(cm), 7838, #43, &5 X H 067 %B%, 10)Ri%, ERACEIN 30 THBDT, XbH

HELE:, OFTAY - 2ESROVT Table 6. Rotation angle
ZHTTH, PR L OHE X O 2/3 (side-to-end jointed specimens)
O URTOFIML, 3IBES S 203 X Specimen (x10-5rad/kg)
D RRROBR L VIR, A B

Rie, 4717 -0 RIC X HER " 6—2 238 234 189
COWTHET 5, RIEER, EA4SCE o c 217 224 3.18
SLEohTETT5, chi, BAMCE : . fﬁ T
WE, BB ED, BEOANKA 9012 2 230 220 1g2
ELRBRDLDBN, —BREWEEL, b 186 188 157
BEAWTORBHERENC L5, L% ‘ I
ZBDONRRYUTHSH, b, BEEWE o f 1.26 1.30 110
( Tz, fﬂ;ﬁ@ﬁ% i) g%ﬁ;o@ﬁg%o) 90-18-a 2.11 212 171
DK E b, BABCEEETLE T : o8t 113 Im
Tou B & UE LS BB, hish kR e L2z 127107

f 1.06 1.07 0.95

RN REIT TR & b
VERRCEBORNL, BEBOOERD 85 18 1%

ZohT, BHEBCTHE4BOEEE b 1.09 1.10 1.00
BOBERNS L inblen, FORBEDHRIT c 130 182 1M

e 119 1.19 1.01
K&ifed, 2Ok, MEERCBEREL, f 1.14 118 1.05
—BIESNOMBEL T, BE4H FJ 1.18 1.26 1.28

OEEBEAYHAWAZENLIIBWEEL B, (Remarks) 6#: Observed rotation angle.
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MR VBEABOEEAY F-61LTRT, A BRATE, rihRO—BEARL, LEL,
CATIR, BETPME ok, DL, DT HEMMEANESRCETEL L, BAK
OHEC I BENFHOEDHL, BEHAEBE BAORED 7 Y ¥ HERLLTVWOTH
FLL !, BAEILA LEhEATEMEYRDBEBREVTHA D,
32 WHhKEM
3.2.1 180 EEAHME

HRE X-Tew7T,

®—T WHORBREFR (180 EEARME)
Table 7. Results of the strength test. (end-to-end jointed specimens)

abp oy bﬂbp/ﬂb Ocal op/deal W.F.
(kg/cm?) (kg/cm?) (%)
180-20-a 64 101 0.66 705 0.15 70
d 58 101 0,58 805 0.14 50
f 105 198 0.52 797 0.26 30
180-40-a 78 215 0.38 744 0.30 65
d 84 205 0.42 809 0.25 90
f 143 252 0.56 742 0.34 80

FJ 186 291 0.64 670 043 100

(Remarks) osp: Proportional bending stress, g»: Observed bending strength, o¢cs1: Calcu-
lated bending strength, W.F.: Wood failure.

TZT, HFRIIKRRL hRDLE,
Ocal = € E
Oobs = ——'—3135}:; 4
TZC, Oear: atEHBEITEX (kg/ecm?), eop: BAHMAMBERE, E: v v 7K kg/cm?, oobs:
EMTE X (kg/cm?), Pmer: BREWHE kg), = 2 THUV o (3, BHRARE, FERHHMT X
DY DR CRARGOHMITHREAR X D BIE T, FHE7.155x10 2 Hiz,
(RFETES)/GHREBTERS) 2R HPHRETHE, RRITLHEME, BEHD R
BERT, a x4 7T, MRIN2ERLDE, TOMPDYRL 2MELcot, FhEFL,
f 24701k, 1L3FRLrib T, MEINEVBE, MELLSVERRENZAZVL, &
BREBREL k5L, MBEBXPRVCERHDROMWMEKIIBL, HIMRILERRD L, XK
TG BE—EOMNIYRC B L TFHEIhS, L, WROFIBRABEECIE, *0
IO ERIRALRT, MRIN2fis s, BHHRITa x4 7 CL24E, d x4 7/ T16
B, {247 TLAETH o e, DT, BMROEHIHR X0 X EHEATH & L XMEH
»D, BARHERCX-T, 718, EREHAUSC, BERONEH, BRABECIAKHET
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FORFEMKRLAATELES Vv, LRL, RAER —KROBE, Wit -t
B) Thoh, MENRELDE, TOLILR, MEMAOKBOThIC I ZRAENRD Y,
RROBRAEOBREEZDEERA VL LIXTEER, ¥, AWRTIE, 200RAEOE
BECOWTER L~ 1oicd, MHOKKRRFEDIR,

322 W EEAREK

BRY X8R Ll, TCC, MEIN06cm ORRETIE, RABRKNEShih -
eicwd, WARIENEZRDBZ ENXNTEI T,

Y, owloy BRBE, ~BOMBEIORTIE, FEA24 7RHCENEITI LR
Vo UL, MERINRRRDE, ZOLIIETTS, chik, MBEL k2 &b, £E
BHrEEEL T, MAKTHELXST 2Lk, REWENENT D LZ2 005,
¥, WHARIEIZ, THOFRERLMTHEE L TBLRARABRE NN RS,
Z0l», HARENZ, BEERBOHETIHECELAINDLELLh, BRI AB LW

T8 MWHRBRER (90 EELHMRE)
Table 8. Results of the strength test (side-to-end jointed specimens)

Gop ) W.F. Ghay

Jeal

Specimen abp/ab Gb/Genl Gb/0cal
(kg/cm?) (kg/cm?) (%) (kg/em?)

90-6 ~a — 43 — 921 0.05 10 226 0.19
b 32 49 0.59 742 0.07 20 408 012
c 45 66 0.69 852 0.08 7% 660 0.10
e 44 70 0.63 820 0.08 30 412 0.17
f 55 89 0.61 794 0.12 70 405 0.22

90-12-a 52 94 0.55 865 011 40 219 043
b 60 113 053 815 0.14 40 404 0.28
c 70 125 0.56 721 0.18 50 521 0.24
e 73 146 0.50 762 0.19 60 395 0.37
f 90 162 0.56 748 0.21 35 377 043

90-18-a 59 116 0.52 782 0.17 50 190 0.61
b 84 175 0.48 772 0.23 60 407 0.43
c 84 197 0.43 771 0.26 20 563 0.35
e . 96 200 0.46 852 . 023 - 50 408 0.49
f 107 245 043 800 0.31 35 383 0.64

90-24-a 62 144 043 868 0.17 15 218 0.66
b 68 213 0.32 817 0.27 30 387 0.55
c 89 207 043 724 0.29 90 545 0.38
e 116 272 042 784 0.35 40 394 0.69
f 102 254 0.41 790 - 032 60 385 0.66

FJ 119 324 0.49 631 0.52 90

(Remarks) olq1: Calculated bending strength of the tenon.
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ST BERCHBLE UL R20NEYTHSE, 2O Edb, MEINEI LB E,
BEEARLHL, HOREHIEL s, Lirl, »5MEILDECks s, BEc kMo
RENS, THOLFIBHELVEI D, LOLDRARGTIES bt FRINS,

K, HIFRIEOVWTRS, MEILBFRS L oBBEERD 0N K-8 TH5, 180
BEARBRE L AR MOISERY (FAHTFRIVGFERTRR) 358, MEINE LS
&, MHPHRIBL 58, ZOHMRIIET Li, T, MHILESEBHN L E2 184
DFERZRE, RAMNEOlEY F-TR LA, BEHY T, —&l, MiEl2em, HEX
23cm DL E, FOHIT04, MEZ19cm DL &, 037 TH-TcORA L, AHETIE, —
KW, #WiElem, RE24cm DL X, 066, MEI18cm DL ¥, 061 & 154EL oMK
Bielote, Thi, BRBTHERLALBENRI X+5THBDT, BHLbLLIEEEILD
BRI IRE D BNCDTHH 5. Ll, LOEENL, FHRLEFEBOERLTL, WE
IR BLEDHIIKREL Iole, 201D, BFRTI B L5, WEINEVBE
X, BEBOUKHEITELZIh, MEIVRRHILEBECISMNEFIAHNL, B8k
HRESGIMERFNHEBOhIE, WBHRICI VAR DRREIhD, ¥, WEHEL

eBE, XORBIREL LY, MEAREVHBETL, ~HHABREINELRBE, *0
tt*bi*g < 7‘& A f:.o

3504 o a type

a-- b type ®
3001 o= ¢ lype
o= e fype ’
2501 &= f type —‘,'L‘
® FJ / ,'/
'gmo
~
N3
6750-
1001
50
0 6 12 18 24 FJ

tenon length (mm)
B8 MIRBRER (0EELRBRK)
Fig. 8. Results of the strength test. (side-to-end jointed specimens)
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kic, HRNESRIIBER (O 2R L& ULEEELT, M#Eo 90 EEaHBRE
DOFBRIELENT, BABMHICOVWTELS, 22T, WOBRTE-TOENIHET
EEEL, MAGKELRE—4vE HIb, oLk, TETETSLBROhAHED, W
SHRTCDE—2 ¥ ) % mkgeem) EFBE,

_ ap_ bhaca,
m=M 3(o;+0e) an
M = Pmlx L

TIT, o WAERES (kg/em?), o BEAHFIRHEE (kg/em?),

2T Reo kPorEMBAILTHE, %0 MAEAR (90 EEARRG)

FI9DXO5HB, TTT, WEEASR Table 9. Burden ratio of the load
. . of the tenon
BB, MRIL2RIV24m DHO LA (side-to-end jointed specimens)
TFloTWiRWOT, ThbDbDTREL
_ ° . Specimen gc O m M m/M

TRl chick b, MEINEL hil, (kg/cm?) (kg-cm)

MEETELDE—AVE OEEIMAL, 90-12-a 29 108 174 339 0.51
b 41 29 206 424 0.49

RMEEINREL D EMNIPBIEER TS L ¢ 50 100 235 477 049

YREGI, Eie, MRESCERRE, % e 56 16 262 539 049
f 60 128 308 621 0.50

DEERF A THEHE VENRL, REE
12ecm DHDOTO05, 24cm DH D T0.65 &
EEih, ThbOZEXd, KADLOIK
0 FEHELIBRIKICB L EMBILY
WOOYENTE TS 5, 3IBRIL, W

90~24-a 46 99 282 499 056
50 110 541 797 068
51 116 511 776  0.66
71 123 691 1032  0.67
84 131 576 965 0.9

- 0. 0 O

(Remarks) o:: Tensile strength of the spe-

CRLIEL D RHENTETHD, ¥, B cimens (See Ref. 4), oc: Compres-
sive strength, perpendicular to
SERE R, Bl EIh, BHF grain, m: Burdened moment of
» the temon, M: Moment of the
BITETHAH 5. rupture. :
. bh%c, 0,
M= 30=a) (e, Fo2 (12
a=m/M

2212 L, BIMOTRERIL, ERETHHOT, ZOMY—BRE LTHBILERD D, ¥,
a HOFEEEZAD D, SLEBRTEERILETCHS,

4. # L]

WG 2T, 180 B, 90 EEARRGOHITERIC OV TR ML, £OBKR
X, RO X5BEHIhD,
1) 180 EBARBREORMBERBROER, IREMAL A VvHRRBOEMEL D, &EE
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BTHhERS LORERLTHH LABDLRE, £0kd, Z0BORRBETIE, B4
BTOMBHOLETHELXHWT, BEAPREELTILHRRVWERDIS,

2) MEIHRRIRDE, AIBEDHRIIETAREL 5,

3) WEEARBRBOAMERBROER, MEINK DL, AERRITIRIF 0.48 LR
L7z,

4 PUBMPRDL L, MEINELVWBE, E4BBRebEIEREShRV, LhL,
MRS LRI RLHE, MRIN, HLv0 34 L TREEERNCERACBHTS
B, ThER 5L, TOBBHEKIES L1,

5) ZMER LY, EABEEAIRARL AL LNTES,

279M
4(0.36+0.7ThPh

6) EfrcESRIESRL, EAROYHIBEORERETOEBREFET S, KO
HBETHLIXTEY, BEEREARBRAC L T, LOXRBEOBEYRDLTZ EMNR, &
Bbhs,

7) 180 EEARBREOMNIRROBE, ®MHHEI, MEINEIRIBHTE, BEK
BHELIRBE, FOMMBIIED L,

8) WEEARBREOWIFROKR, WHEX, MRINELI KD LMMTEH, £
OWME L, MEINELLBIBRED L,

9) Mk, THETIZx25E—x v bEHELEBE, REINRRBE, 2402~
YVIEEDBEDE-2 Y DEFIKRELS KT, LL, BEAHRD 24 RO~ 5
FIPL, MBI I-TEOHEIRETES, TORE RADI5LRHEHRY
B,

0=

bh*a;a,
3(1—a)(oc+a)

100 HEoz &hb, BIEDE, HHBEORRAEOE—LRATh, ¥, E4K

O?l?ﬁ@éiﬁ% HFRIRATFRHLE L EBbhbid, JRBIOBRANEINLETH
60 ifh, aﬁ@ﬁﬁ?ﬁlbfdb 367’&%%&#%%1‘&6 50

M=

X .3
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Summary

Following the previous paper in which the tensile performances of various glued joints
were discussed, those of mortise-tenon joints and finger joint (FJ) under bending moment
were investigated in this paper. The results obtained are summarized as follows;

1) The results of the flexural rigidity test for the end-to-end jointed specimens might
show that the curvature at the joints was slightly different from the other part. It may be
a better way to express “stiffness efficiency” concerning the rotation angle at a support and the
deformation of the jointed members due to bending moment.

2) As the tenon length was increased, stiffness efficiency also slightly increased.

3) From the results of the stiffness test for the side-to-end jointed specimens, it might
be seen that the stiffness efficiency converged on about 0.48 with increase in the tenon length.

4) If the tenon length was constant, the location of the neutral axis was not influenced
by the geometries of the joints. The neutral axis was transfered to the compressive zone
with increase in the length of the tenon.

5) .From the test results, the rotation angle was expressed as follows;

278’ M

9 = 103615 0.7hF

where §: rotation angle (rad.), 6’: deformation under the tensile stress (cm) (seé Table 5.),
M: moment at the tenon root (kgecm), /: distance from the joint part to the measurement
point of deformation (cm), and A: depth of the member (cm).

6) As the stiffness efficiency based on the deformation of the specimens is influenced
by the rotation angle of the joint, the efficiency cannot be used to compare the performances
of joints each other. The value of “semi-rigidity” might be expressed by the rotation angle
of the joint.

7) In the case of the end-to-end jointed specimens, if the tenon length was increased,
the strength efficiency also increased. On the other hand, increasing in the number of tenons
decreased the increasing rate of the efficiency.

8) From the test results for the side-to-end jointed specimens, it might be seen that the
strength efficiency increased with increase in the length of tenon. But the increasing rate
decreased with increase in the length.

9) The ratio of the moment (m/M) caused by the behavior of the top and bottom sur-
faces of the tenon increased with increase in the tenon length. And that ratio was decided
by the tenon length. As a result, the predictive expression of the strength- was obtained as
follows;

bhtoia.

M= 30~ a) o +a)

where &: width of the member (cm), g;: tensile strength of the joints (kg/cm?), o,: compressive
strength perpendicular to the grain of the member (kg/cm®), a=m/M (see Table 9.).

10) It may be desired to investigate the stiffness and strength efficiency in a standarized
condition. .

Obviously, an additional test for these joints should be done to get the tendency of the
a-value.



