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F1 EgEWHE (180 ERERE)

Table 1. Properties of the specimens (end-to-end jointed specimens)

Width Depth MOE Shear strength Number
Specimen b h E T of
(cm) (cm) (t/cm?) (kg/em?) specimens

180-20-a 3.98 2,34 104 79 3
e 3.96 2.38 112 80

f 3.97 2.36 113 86 3

180-40-a 3.96 2.36 104 79 3

e 3.97 2.36 112 75 3
f 3.99 2.36 113 78

FJ 3.95 2.37 94 83 3

F2 E@EuE (0 ERBRK

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

Width Depth MOE Shear strength Number
Specimen b h E T of
(cm) (cm) (t/em?) (kg/cm?) Specimens
90-12- a 3.99 2.33 108 72 2
b 3.96 2.39 104 72 3
c 391 2.39 104 83 2
d 3.88 239 o111 76 . 3
f 3.97 241 116 65 3
90-24- a 3.95 2.30 106 70 3
b 3.93 2.39 104 78 3
c 4,00 237 104 76 3
d 3.97 2.39 111 74 3
f 3.94 241 117 . T4 3
FJ 4,00 2.39 94 76 3
3 M + B (180 ERBER(E)
Table 3. Tenon dimensions (end-to-end jointed specimens)
Tenon Tenon .
Specimen width length Fitness*
(cm) (cm) {(mm)
180-20-a 0.99 1.95 +0.13
e 0.52 1.93 —0.14
f 0.54 191 +0.03
180-40-a 0.95 3.99 —0.52
e ' 0.50 3.92 —0.08
f 0.53 3.84 —0.12

* IR T R o A B = () — (FLIR)

* Fitness of width=(tenon width)—(mortise width)
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Table 4. Tenon dimensions (side-to-end jointed specimens)
Tenon Tenon Fitness*!
Specimen width length br¥2 a3
(cm) (cm) {mm)
90-12—- g 0.99 1.15 +0.05 —047
b ) 1.99 1.21 -0.02 —0.17
c 2,99 125 +0.08 —0.35
d 0.97 117 —-0.13 +0.16
f 0.45 1.18 —0.21 +022
90-24-a 0.97 2.36 —0.28 —0.73 .
b 197 237 +0.03 —0.20
c 2.98 2.36 +0.22 —0.57
d 0.97 2.38 —0.20 —013
f 0.46 2.37 -0.37 +0.53
A E =) —(RA )
*2 RS R OBREE
¥ e ROREE .
*1  Fitness =(tenon dimension)—(mortise dimension)
*2  Fitness of width
*3  Fitness of depth
0 0
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Fig. 5. Testing method.
Left: end-to-end jointed specimens.
Right: side-to-end jointed specimens.
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RARGTEEZ -5 rRT,

AR, FEL P VvORFREBRPR X CRTERARB, FE2 v, NEEE lke o
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NEETHL008HY, ThOoRHFARBRAERS + v 1 ¥ v R HERRE CHERBRY T
e otz, FIEMEEEL0.2mm/min. Th 5,

AlEAR T2, 180 ERBRF TESMPR I DM 10cm % & b, 20cm O EAL% 1/1000
mm EEDO T x4~ 2T, 90 ERBREE, BEBORNE X »h HERHICE > T 25cm D
(78T U000 mm EED T L 2 14— 2T, ThFh 20kg T L F DB L BE Lz, 100kg
¥FCATL, REBRCZOBREEMZAE Lic, £O%, BB L CHAREE, HEMELR
ELl, LKL, MEOL\ 180 ERBREO—TCIE, XFALV ML VBEETILONRD -
e, X0k, THRECHINRTFEIhSFI T3, WELX2 b vETing, BMELOR
WERILAEL, EHEFEIREFEOT-2I0FHAILL,

W, RABREOFFEAT ST LV IISE 7 e » 7 HHRREELT 0 E D, HAMORMLT

OB ILRE Lis,
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3. ERBKLUER Table 6. Results of the stiffness test

(side-to-end jointed specimens)

3.1 MHEEMRER

. P/6 P
- - Specimen
PlEERABEROBH Y -5, 6 KR LI, (x105kg/cm)  (x10~4cm)
z T, 90-12-a 2.8 3
o Pl (1 ) b 47 0
e EA . c 6.4 -5
d 44 —13
F-5 HEIERBRER (180 m#BRE) f 65 -8
Table 5. Results of the stiffness test
(end-to-end jointed specimens) 90-24-a 41 -7
Y P b 42 —2
Specimen 4 8 =
(X105kg/em) (X10—*cm) © 9 6
d 8.3 —10
180-20- a —25 47
f 73 —16
e —24 20
f 0.2 =02 . FJ] 25.8 —60
180-40- g -1.0 11 dowel*?
e 10.2 6.5 unglued 0.7 —
f 2.0 22 glued 34.0 —
FJ —-37 35 o OREEN
‘ *2 256 2L 3
* BREEHN *1  Residual deformation.

* Residual deformation. *2  Quoted from ref. 6.
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1T,
I/} =5ob—5cnl (2)

TZT, deu: BMREXM D Pkg Y4 b OIHER (X100 cm), I: @ERM (em), E: v v 7
B (kglem®), A: M OKERK (cm?), dov: FIEX D Pkg B h DERLOEHE (x 107 cm),
0: Pkg hl= h OB AIMicE LHEM (X107 cm),

180 ERBRA I I\WT, TOEMIT, FEMEI VEAEOHINELhote, Thid, ¥
ARMOMELETFRESFC XA ERbh5E, LiL, ZoOERIEFNEL, ERLESEMN
EECRITHL LEELTHELOPLLWTHA ), ILRBAEMLLONWTHRSE, AHR
T, BOVBLELERVL2E LI TR TWRWDT, ROERLYMDZ LIX TR,
L L, HEGIRME 100kg (Fisdd, MEFIEIET 105ke/em’) BEDOIEH v 1T, BY
BT EAEE LR, Tibh, BEERES REhTw5, EATIWTHA D, Ln
L, BADERNREETHDDT, BIVELEHTHEHOREIVLETH S, RAK, HiE
25cm, H\v4em, RX 0cm QBRI RNT, HSREERC T D, #3]BIEH 105
kglem® L e ZEEDMIRIC M S MBEHELHET A5 &, ldkgr Lriebiguy,

R, 0ERBRETE, BERCTORBELRARER LTS, BEIMATS, L
ML, MEINDEREERIPIVLITHS, 2hit, HBORKERBR CTORBEL I —%KT
B, Livl, MOKESRCBEBEZ05, BV L5, FRERDBATE, MAE
ZEELIRVEEO P13, 1A% 9% 067x10kg/cm, Zhier L, RAELES LLHE
i, #FARBCIIBIR K 34x 10 kg/em Lig o, Twb, F0kd, AFENEEIRT
WHRRIX, FAFBCBERES —ETH Y, RAEIESE IR TORWEEIRIL, FREK

F—T BERRER (180 mREE)
Table 7. Results of the strength test (end-to-end jointed specimens)

ap*l ) Tobs

W.F* Number of

Specimen ap/ao Tobs/T h
(kg/cm?)  (kg/cm?) (kg/cm?) (%) ‘Specimens
180-20- a 49 65 0.73 67 0.84 35
e 60 101 0.59 52 0.66 45 3
f 72 139 0.87 35 0.46 50
180-40-a 30 78 0.31 38 0.45 55
e 92 160 0.59 40 0.54 90
{ 72 192 0.30 24 0.32 60
FJ] 190 79 0.24 83 0.68 — 3

1 RHARRET RIS

*2 o OREBEMTR

*1 Proportional tensile stress.
*2 Wood failure.
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®—8 HEABRER (0ERRE)
Table 8. Results of the strength test (side-to-end jointed specimens)

. *1 W.UEF*  Number of
Specimen 9 % aplag Tobs Gobs/T !
(kg/em?) _ (kg/em?) (kg/em?) () _ specimens
90-12-a 11 29 0.59 51 0.72 70 3
b 27 46 0.57 68 0.94 60 3
c 23 50 0.45 78 0.96 55 3
d 21 56 0.39 46 0.62 75 3
f 32 60 0.54 29 0.40 45 3
90-24- a 26 - 46 0.57 38 0.55 40 3
b 25 46 0.50 41 0.52 40 3
c 25 51 0.49 43 0.56 25 3
d 35 71 0.49 30 0.42 30 3
f 32 84 0.34 19 024 . 20 1
FJ 39 75 0.53 27 0.37 — 3
L RAARRESIRIG
*2 REERN R ,
*1  Proportional tensile stress.
*2 Wood failure.
o—— a-type 8 04
Beeeeeeee b =type f @
800 @ O——c-hpe 70 // /S
: o—-—d -type /¢
. 7200 v +—- e-type 60 J .'/
7 a— — f -type J
= 200 » ® FJ 50
§ / ~
~ / £
=g S
~ 150 /s ;40
e yal =
100 ¥ 30
S / &
50 20
,TL
0 20 40 FJ 0 12 24 FJ
tenon length(mm) tenon length (mm)
K6 BEABRSFE (180 ERERE) H—7 BmERRER 0ERRE)
Fig. 6. Results of the strength test. (end- Fig. 7. Results of the strength test. (side-

to-end jointed specimens) to-end jointed specimens)
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BT S LRI TS, ARRTE, RAEANOEEROBMITR - Tz, £0
fedd, PIofEE LTk, MAEXEELRVWAREAI VAR, 2HEEBE LB LIPS
o Twd, b, FIRLHER LALOL AT ENTELRSS,
3.2 mEEMER
BEBRABRORERY £-7, 8B IV N6, 7, 81T,

10 1.0
©
~
L\; 0.5 \30.5
<o
84 S ®
0 20 40 FJ 0 12 24 FJ
tenon length (mm) tenon length.(mm)

B8 AR &L robs/t DBR
£ 180 EERERGE A 90 G
Fig. Relations between tenon length and rons/r.

Left: end-to-end jointed specimens.
Right: side-to-end jointed specimens.
2T, FloB#ifiERsshixds DT, Moo 2 X~ THH v 34 vTfTicd
NI FI OREBIERB OB R X D HBRE RdT, Fh, HHORIERXE, AHITE
VET 29 b BhLR D= Y PHER A F, MoobY ik kB L, 2x6 M OfE3IERE
T, (FIORESIERBI) (2 vt v~ L ORFIBRX) 12066 THole, £ T, =/ <Y DFY
RETIRE I & 1200 kg/em® L35 &, =V = Th FI RBRAEOFHFIEB L, 795 kg/cm® &
£h, ZOTEXh, BRBAMELYHE L, ¥, BIERBRGOMEX 2ecm D - 214 7T
24k, dcmOWMESDa- x4 7T, - 24 7 T2, 90 ERRED 24cm ME XD e
£ A4 FT2EIREMO AN LI D BIMRHE L co T, BERRERCIIML TWinw,
2T, RBRAEOATHRTIRME oo (kg/cm?), IR X tom (kg/em®) ZRKR X hRD T,

00:!32& . (3)
Pmnx
‘l'obs=~nA—t‘ : (4)

T, n: MEER, Ticbb, 1R TIIn=2, 2KM Tz n=4L7t5, Pux: BREHE
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(kg), A:: BEEXRBER (cm’),

180 ERBRMABTIE, o IR IN2H/ELIRDBE, B4 73 12~165REL %,
WERBRBTL, FOMMBIIRAED DD L0~L6ERELS ko, T, 90, 180 EE
BRikEd, MERHLILBE, alxtiint s,

2T, BBrRETETAHL IR INTELS, ARE TRV RBREOESTHIC
BEUBHTHH I EEXLRBIGINL, RESIBREN, BEERCH > T IR NS XUZKRE
KA CHHEEIRIENTH S,

BEHRY D, BRCRIFELYRETRNE, EEBMLCELIHENTHESS, &
BRI LA, 22T, BEBCEULIHBENE QRTHONRD s LIRE LTARS, FHE
CEH L BEFoBEB O # X1 155 kg/em? TH b, £-1, 2R LB OIE#ES
XM\ MEEL D, 2T, KBEOXNSYHH ORI L LT, ZOhEL -0 K-8
THb, ZZTRLhB XK, MEINREL DL, 180, 90 ERKBkL LHMNED
HETLTWS, ¥, MENREL - THEFOMIMET Lic, MBHEZH~ 1 90 ER
BAEO 1LIHOBE, MBOBEIHBR TRy, ¥, MEIZEVESE, 1ERTR£D
HARE 10 Lish, BEBEIOWHM LY, BAMMIELNCELOhDLZ LB TE
B, Linl, MEINEL KoY, MEIHETLLORRELFENELD, MRINE
{IeB L, Mk MO ROENERCHE S THEENPLRD, Lrl, TOFEIL
BILCHA Uit ied, DX kBt TcbELDbRB, ¥k, MENEIkBE, &
SBOMOFRCBREHCELTHTS, AHOMOFRTE, ERLOBH V-AICEL
TELT, ok, TRTCOMT—REBNELE LD LEELLBE X DIEHOFITET
LibnlErbhd,

#ZC, MADEBEE IR TVEVWERELT, FREBOPFRCWEORIDZ 7 v 7
BHBLORDOVWTDI T v 7 BRMEELHIBHNEDONWTEL THD,

BEHFCRNT, EEARE LT—BCRABF LM%,

Ki=ay b flp) (5)

ok, Kt BHEREH (kgeemYem?), oy: AFFES (kg/em?), b: 7 5 5 7R X (em), flp):
TR

GYRIT, ZHEMBBELTERIASRTHHDOT, AWRCHEATHILDICRAD X
SeBEHD S, ' '

Ki=an4y b flp) (6)
o=2 . (7)

T, ar KRMEREFEDRD, 7275y 7HBHFANEFEMEERTRDS, TOD, LD
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WEBLRBET DDA Dh 2 WERRK. ok, ZBTRa ORFD V7T £EDI,
flo): ARBFHRICE\NT, ¢ OBIKE LTEDLIhBHREFR, W: #iE

¥, WEEBIRATH S,

 Ki=Kg (8)

TZT, Ki: EIZE (Mode I) DS HkAta%., Kic: Mode I DR, feds, KwolZBEH
BHLL, BECLOBRIZ LI L0, BLRNLERTWISHE 7 r y» 7 KRR X
DELID, ArTOMUMBE 2 AVTKRARL Y Kok BEH L, Zhid, BEMALOHR
REDPBRTNB L O, COWHBRBRAEC LD, MBLNNMBIYBSC i, itk
BRERMILARE WS, 755 7 EGORNIHIEU LD THS, L\ ERERT S
&, BISHHLABEYTIRARVEBbhs, kgeem BRI BT, _
Ky = kr (9)

EBL, TTT, ENLETIEMNARL Y WEGCIIRY TH D, BEE LTELTES
LOLRELT, FOBERKE LT EBEDL, '
®, ©, ORI,

kr
ayb flp)

TEB, AMETEIML, BELLC—ETHADT, thorlTs8EEL ez —ETh
b, IHE, MOBREMERTD? 5 » 7HOTHBHEYZ 2, MEIOWTOMEEL
T, TOMERE L o) &35 &,

(10)

0y =

c=%40 (11)

ETB, 22T, t: EL (cm),
Cr

“ =75 fo) | | 1
1o BE
1.122 0. ~0.205 ¢*40.471 ¢* — 0.190 ¢*
o) = 05619 030110;0 7 -01%0¢ (13)

ET%E, CRIBVERREOHE, 2cm HE X T 146, TBHHEK 011, 4cm HES
TEXhXh162, 032, 0ERBREOCES, 12mmME X TFEH0.67, BEHER £0.24,
24mm MR I TERLH 082, £0.36 Litst, o CHGWRIENMX, LT HoNEHS
THHDT, VERBRECZOEEAVSZ L@ Y Tk, LinL, RT GoOMM®K XA,
LTHEONMEE D 0% BECLD B2 5L, 90 ERBRMAD 180 ERBRHE D [ O H
mERTEBbh3,
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DEOHECER LEBREBRLELWERE LT, ThbbCHELWVIDELT, K
Z, 2B, 4 onwCEL 5,

ADKLY, BREB f) 12, KRTRDBORD,
C
O = o5 ‘ (14)

13) R HRBIERELRAT S &, 180 BRBRAD 2 M T, fo) 1271 0.97, BBIHM £0.27,
4RIz, Thth 1.0, =015, 90 ERRATIE, 2HKMTFEH 1.26, BEEHEH 013, 41K
MTENRFER 104, 1008 THo Tz,

 ZhLOEEY 12RCRALTHEShAMIOESRY EI R LE, FA—HRT
AREOEXNET 2 0ERRED a~c 24 T HZB L, RAEIN> T kDL, B
PEHEERIETLTCEY, “BREAINTWIBREEYFOEEFEHATS Z Likiziat
EEMTH5, b, MOBROBRBRECKE T, TOWRBHECESWTHEHEIR:
bOTHY, BROCHET AN LI »IATHTHS, 36K, FRATHERLLTFHR T,
BREE, MIBESHIMEBRTFIZOWTER LTV, i, FIOMITFHREHR%

®9 OB oK R

Table 9. Fitness of maximum tensile stress calculated

Specimen Fop*t Tear™? Gob/deal
{(kg/cm?) (kg/cm?)

180-20-a ' 65 65 0.99
' e “101 120 0.83
f 139 155 0.90
© 180-40-a 78 78 0.94
e 160 125 1.23
f 192 172 , 111
90-12- a 29 27 1.06
b 41 41 0.97
c 50 70 ‘ 0.70
d 56 57 0.98
f 60 59 1.01
90-24-a 46 33 1.39
b _ 50 , 54 091
c : 51 78 0.64
d 71 68 1.03
3 84 87 0.96

- RRATRESIRIS T

2 HRABRSIERGH o
*1' Nominal tensile stress observed. ~-
*2 Nominal tensile stress calculated.
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BRALEBLLOLELOhBY, BRABELLBID, LMoL ERTCONTLER
THRERD D, ChORISEORNBETHS.,

GeF o ad v NORENEOBMEE L BE, WHES, RESOMBIESR
Lbh, FOREMEMALEDE, ZEENEBL5THE, Linl, COBROBRAC
BLTIEEREOSHFTH Y, SOCERUREYTHLERBS 5,

4 ¥ ]

&« OWROMES, FIDW0E, 180 EEARBRATHIBERBY TR, &
DXOIREHIND,

1) RIERBROEE, 180 ERRETILOBETILTZLALRITHS LR TI,

2) ERBGTIE, MESOMBMILE D ALRR, Lhl, MEETECL ) ED
BRI L, WEERAHNT L BRI B ERRD S,

3) Fli, 2HEAEELLLOERRE?,

4) BHRBROBE, MEINELDE, 0, 180 ERBGK L LR iz,

5) MEATE, 908, 180 BRI L L Z O T,

6) 90K, 180 EERBRMAL &, ZOMNTEFERICLA L Trav,

7 BEFORODEBRY 77 v 7 EXTHEENEYHEALGRAITHEZ LEER, &
BB FOBRYMBESCEHTLZ Lo U RH I, BEENCIXILICRFET
5LERD D,

EBK, ROZEVGERORHBRBETH S,
1) BYELHEERZTHESHOEE,
2) Mo WES, FIoBREROBROELT,
3) a—F—vad v Ir~ORBENFEOFRHOL LYY,

X Ak

1) flxd, BE - BE B SEVONMELE. JLORE, 37-3, 687-719, 1980,
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Summary

The object of this study was to determine the stiffness and the strength properties of
the various mortise-tenon joints and the finger-joint (F]) in the tensile stress. It was also
attempted to examine about the application of the fracture mechanics to predict the ultimate
strength of the joints.

In this study, three types of the tenon configurations in the end-to-end jointed specimens
and five types of the side-to-end ones were manufactured with Ezo-matsu wood (Picea jezoensis),
partly with Todo-matsu wood (Abies sachalinensis). Four types of the tenon length were
tested; 2cm and 4cm in the end-to-end joints, 1.2cm and 2.4cm in the side-to-end joints.
Their geometries. are given in Figs. 3 and 4. The testing methods are showed in Fig. 5.

The test results are summarized as follows;

1) Results of the stiffness test for the end-to-end grain joints showed that the joints
were almost rigid.

2) Results of the stiffness test for the side-to-end grain joints showed that the effect
of the tenon length was not evident. But the deformation decreased when the cross section
of the tenon was increased.

3) The FJ could be considered that it was as rigid as butt joints of the side grain
joints.

4) In the results of the strength test, the strength of the end-to-end and side-to-end
grain joints increased when their tenon length was increased, but the relation between the
strength and their tenon length was not proportional.

5) The strength of the end-to-end and side-to-end grain joints also increased when the
tenon number was increased.

6) It is considered that the application of the fracture mechanics is qualitatively suitable
to predict the strength of the mortise-tenon joints.

Furthermore, the follows will have to study in the future;

1) The behavior of the jointed parts when they recieve the repeated loads.

2) Propriety of the application of the fracture mechanics to the mortise-tenon joints and
the FJ.

3) Theoretical development of the stress concentration factors of the multiple mortise-
tenon joints and the FJ.



