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1. # L]

KEFFA N2, #% EROCTRbhTW5H, TE, FAXEEWE LTHENER
BbESED AR TVAEND TS, FKERH~= 7 LOBEWE S IFERT
WBY,

RETFHFA v 2T 5848, BLEEELRThELRS VW0, TotnHiTh
5, FEADRE2 288, FARBCTHRINIEHSLRICARD - It o RO RN
ETH LIRFE I hicT b o, N¥ENCAS vAD LRI, ¥, 74 vIC
BB LB ROMA N ZREFCRET I, FE4AROHECOWT, TORIE, I
FOREBIh T T ERb v, ThETE, ThbRBET2HE OMENRTh,
AT H5ERAIBOLR T3,

ARRTIE, ThbEBECLT, BRE3BRE LicgBEtoconT, BE, WHRR
27w, oBRe X oHEBEYREL, SO, MHcRL¥ELXFL5ERDhIBTY
AWTHADTARELBFEL, To#EaGHERA,

ARRETIRICDch, REFABYLBEY W W, YEEREREE, BH -8
EShi:LHERAKE, SHERABTCELBHOBRLERT S,

2. BR@gHIUERTE

AR, BRI -T2onahhsd, —2ik, BEEEORVWK IZHERETHY,
fo—oi2, M (11F) BECOVTHTEROHE~OHEL BB LR BIE Lz, AR
XTI, MERRRL #E5YEAR2 L LG

21 B B o

HAMIT, I X735 (FHTHREOT2, v 7EK 107 t/em?, SKR133%, THEKIE
13 mm) % iz,

AB 1 Tix, TOMEEZEIEO06x38cm ORI Y, Thi¥iE24x38cm D 4
BRERMC L, Mk XML, BROEIEML AL THEELL, ZolEkik
DI, MB IVCHILOEEEL 7 v — > L EFREBOBENLLOLTH D THS, BEH
frBciy, REBEBEER (= - =4 FS-120, BAHL LCENT ve=7 2EENI05%)
ER L. _

BBk 2 T, MREETE 12x38cm ORI LY, T hE i 24x38cm © 2 BHER
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BEHE Lz, MZADC T, MALZBORATEN L, BEEmBY = ABIBEEN (£
Y FCHI1000S) %\ o, ¥, HMOBER, F-1BX0E20EF 1 7DOPHYEY

Lz,
F£-1 RRr&GHE @B
Table 1. Properties of the specimens (Test 1)
. H k1
iryw of Specimen Wlbdth De}[:th Ivi(ljadslgzistyof - Fitness Number of
oading E Width Depth specimens
(cm) (cm) (103kg/cm?)|  (mm) (mm)

L-1 243 381 102 +0.26 — 5

L-2 243 3.80 108 +0.11 —0.09 4
2 L-3 243 3.80 104 — — 5
2 L-4 244 3.81 103 — — 5
=]
§ T-1 243 3.82 107 +0.20 —0.09 5
& T-2 242 3.81 110 +0.01 —0.16 5

T-3 240 3.81 112 — — 5

T4 243 3.82 107 — +0.21 5

L-1 243 3.82 101 +022 — 5
o L-2 242 3.80 94 +0.17 —0.13 6
& L-3 243 3.82 103 — — 5
g L-4 243 3.82 103 — — 5
z
g T-1 243 382 107 +0.07 033 5
g T-2 243 3.81 110 +0.02 —0.04 5
© T-3 2.42 381 13 - 5

T-4 243 3.82 107 — +0.09 5

e AEE =) - (R

*1 Fitness=(Tenon dimension)—(Mortise dimension).

22 g0 R

2.2.1 EWHEOOER HEK1

RBsoftoFRig, B-1eRT X578 @HT, 3kEE L-1), BHPWR L-2), 74
vH—vad v 2HEE (L-3), HAREEE L4, T-4, ¥M(T-1), BILW(T-2), 74 ~
F—vaAvr3HEE (T-3) TH5, ‘

W~Fikiy, WIEA HIEO 1/2 (12 mm), Wi, BP0 1/2 (19 mm) DiFh
EA R E RN 38 mm), R, B URZAHEVD 2/3 25 mm) TH B IHfEnE
ELWEX@8mm) Thb, 71 vH—vad v FJ)E £X105mm, £y F4mm,
# » 7 06 mm THEHK 2mm FOORME SO THERD 7 4 vH~% » # —%F\, B
B 3000 5T 2 BRYINI Lic, ARSI, Bifg v = A BISEEH (R v ¥ CH1000S) %%
AL, F.I.RBRGELUAIRASE LOEBREEIRR VLIV v 7 AR —RRIAL,
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F2 HRREHE ER2
Table 2. Properties of the specimens (Test 2)

Width Depth Modulus of] Fitness*!
Specimen b h e Y T i Depth | Soegnent

(cm) (cm) (103 kg/cm?) (mm) (mm)
A 241 3.80 109 —0.08 +022 3
B 242 382 109 | —oizr +067" 3
c 242 3.81 109 —0.20 +0.37 3
D 241 3.82 109 —0.32 +0.68 3
E 240 3.82 109 +0.07 +0.67 3
F (t)*2 2.40 3.80 109 —0.42 +065 3
G (c)® 242 3.81 109 —027 . —0.45 3
H (t) 241 3.81 99 —0.08 - +0.35 2
I (c) 241 3.81 109 —012 ™ +0.13 3
T (t) 241 3.82 109 —0.25 —0.08 3
K (c) 241 3.80 109 —042 —017 3
M (t) 242 3.82 109 +0.10 —0.10 3
N (c) 241 3.80 109 —0.32 +0.22 3
P (t) 243 3.81 109 —0.28 —0.10 2
0 (c) 243 3.82 11 —0.33 —0.20 3

2 A A B = ) — (ALY 8)

t: EREAESEHR

c: TFIRAEMNFHR

Fitness=(Tenon dimension)—(Mortise dimension).

t: Tension type of the mortise-tenon joint with shoulder.

c: Compression type of the mortise-tenon joint with shoulder.
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T-1 T-2 T-3 T-4
B—1 EewmmpRk gl
Fig. 1. Configulations of the various joints tested (Test 1).
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ARGz, BEPWCERGE2 1 764, 5IRMELS S 44033, LE, TH
L L5, EHMEL A 7ehZhbikdo, 5 80&ThH5,

2.2.2 WMESOER EHBR2

RBRBOMLOBREY M2 R T, MBI TNT12mm, AR ERE T, Hews
38 mm THEX% 1I9mm 75 38mm FTHEzx 4, FEMLS QR F T3, MEIA3Bmm ¢
W\ % 19mm A5 38mm ¥ CEL, FENL 1 OBXORMRERAM, BOXTHRMATH
5. (Thobb, ERAGRERLOBATMEIENC, TRAIA U EFBCHEYSTS,) *
hEhoWTEO¥HE X3 R LI,

.....

=

(1) (2) (3) (4)
H—2 HAampR @BR2

MA® (2B, C D E® B FHIJMPH®

WG LK N Q™

Fig. 2. Configulations of the various mortise-tenon joints tested (Test 2).
(1) Type A (2) Types B, C, D and E. (3) Types F, H, J, M and P.
(4) Types G, I, K, N and Q.

£-3 M+ B #H®2
Table 3. Dimensions of the tenons (Test 2)

Width Depth Length
Specimen b R, 4

{cm) (cm) (cm)
A 1.23 3.82 3.79
B 1.20 3.83 3.32
C 1.21 3.82 2.81
D 1.21 3.82 2.28
E 121 3.81 1.90
F (t) 1.22 351 3.79
G (c) 1.21 351 3.79
H (t) 1.25 315 3.80
I (c) 1.22 3.14 3.79
J (t) 1.21 2.72 3.79
K (c) 1.22 2.72 3.80
M (t) 121 2.29 3.80
N (c) 1.20 2.29 3.79
P (1) 1.22 1.90 _ 3.78
Q (¢) 118 1.89 3.79
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DARCRIBERM ZERT DR
RLERY = PV IBREERXERL
fos, RABR1CHER LCERE = 4
REEEE R X D ROREME S, M
Ehdh T,

RBEH, HE PRMN2 4O
BE 3T, G4 ETH .

23 X B A &

ABr M-8 R THE T k-

o, A, EREBRHEST R OR

RBBCRATELL, WEKE Lke pl
De—Feiks hoFid Dk Hun B3 R4S L OCRB7®E
T2, WHEEEZES 1mm T, RB1 (1) 31 L#

@ RB1 TH, $ICRR2
TIEIER ¥ IERETEY, AR

Fig. 3. Specimens and testing method.
2 CRFIEBHEOAY LI, (1) L-type in test 1.

Al SRR T3, FE 5T 10~ mm (2) T-type in test 1, and test 2.
BEDFCEAA—F—, HEEAGLDLIBm DEZATI? mm BEEOFCAALXAL YAY
—~2, AUR30cm DL ATIO P mmBEOCTF S 2A Y — o BWTHEH T HEOE il
ELI, ,

it HERBR T3, ARt rELc s LHFARTER JORENELYRD L,

R, BHELUCABRGEILIRER Sy R L, B OMTHREAR, REMRRR, #5]
ER%, WERER, BEEBRONMAREYTR1,

3. HEXOHEN

AP CHER LHERL, ROXIRLTRDT,
3.1 B 2 B

Rt RBR R R TRV E N ERIE Oop (cm), BLLFFHAE doar em) 13, MEORETHVS
hicR X h R,

d
5ob='_P% (1)

o = PUTE L 4T) 2)

TZC, dp: WOIRMEZ ML RDOEM (em), Pr: AIRMGE k), P: ME ke), [: #f
BEA XV EARPRE COERE Cm), 7: WELAL VEMBE ST CTOERE (cm), EI: H#
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DT (kg cm?) TH 5B,
32 W HhH R
it RBRER TR T € — 4 v+ OFWE Moy (kg+cm) 36 X O3 B Mea: (kg cm)
i, WX hRDI,

My = Pmgxl cos % (3)

Mear = 0Z (4)
TZC, Pmax: BWEME kg), op: MHOMIFEE kg/em?), Z: HH OB EHE m® T
b5,
3.3 MAHDOFAR
Wit DT RO G 2 BB DT AR @ BT € — 2 v MME Moy, (kgecm) 12, &KX
BQUES SR

x/)b = Pmaxllcos% (5)

ZCC U MEANGESBONEE COERE (cm),
7tds, F.Jk @) RV,
3.3.1 I, BHFH
MO RO HRER K-4wrnd 3BHChTTEL 5,

0, [ A 3
"""" B R UL
[ =Lt | 1 2E D e ZE [
- U‘l 3
(a) (b) (c)
B—4 HEeBoms
Fig. 4. Stresses in the mortise-tenon joints.
(@ XoREBERHMTFTE— 2 v Mg,
t = 5 DR W (6)
_ 3-22—p
W= 2—A—p
A=r+l)p
32r

# = 57 +5) BGr+4)

r = d./o;
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ZZC, ¥ Wi (em), A e\ (cm), oo R OREMMS (kg/cm?), or: RIFORTIER

M (kg/em?),
b) IoREBFRKRMTE—2 v T,
o = 35 BRo X (7)

cal —

5 (187 —44p/ —82%) h2—3h* + (24— 18X +28¢) h¥/
= R(h+TH —4Th—4'h)

’ _E ’
2 —-<1+15 r)py

. 307(Th+9k)
¥ = TR (225+ 4807+ 2567°)

© XoREFBERMTE—2 VI,

(8)

7 p—
cal —

;—6 YhouY

y = 1201—4u") 7+ 3+ 164"+ 364" ') K-+ 131" — 32uhH — 6" h+ 61K
h(h—ap" h+ 3H)

Y 15k
B = oR(BH —rh)

3.3.2 JavH=-Yaqv b FI)
F.J.Tit, MADEL ¥ v 7B R L, £0kd, ¥ v 7 REEmNzE

CoWCERARY RS &, FIL2HEET,
Myp/Meas = 0.764—3E x 1076
¥, F.IL3HEET,

Map/Mean = 0534—1.6E x 108
b, ©oC, E: v v 7R kglem?d), HBHRKIZEThLh —088, 079 Th-T, T

hIDERMFE— 2 v MIKRNTHEIRS,

F.JL278E T,
Miesy = 6,Z(0.764—3E x 1079)

(9)

¥, FIL3FEE T,

M = 0,Z2(0.534—1.5E %1079 (10)

3.3.3 MWLM, BRZEkE
BELM, MAXRXEETE, BEEEI R bid, B OBEOMCHEEBIKET

B ENELLRD, UL, 20X hEEOBEEBOENENCETAMERXZLL, »
OEFCRETH D, £OLD, BEEBY, BERBEINEITHD LR LICHEHEIEE &
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HKELT, 74V vVabRI-THEHEHIRTWS, BAIA22RDERYAVCEE.
Lz,
My = skl'hr (11)

1,3,5-

PO R —

P n=1,3,5-- n COSh (nt)

192 > 1
Y {1—?%,—n=2 7tanh(nt)}

d = h/l

t = nd/2
I, s BEEOHE, U: MRE (cm), r: BIMAX (kg/em?d), Tods, BKTEIIEBHOD
DEEZHOLORHEL, NEWERZFERLL,

4 BERHEIUVER

4.1 BiEERER
4.1.1 EWMEOOMHE ER1)
BRY EFARTRT, 05b, EMNEBOFEMER, FRBCHSEHECEIR EMFEH
BEEMRHCBOhAEMETHS (QR). TOEE, BEAHNRLEKE LILBEOIDOL

F—4 RHERBRERE @81
Table 4. Results of stiffness test (Test 1)

Elastic deformation (10-3 cm/kg) Efficiency

’f()};%?n(éf Specimen Measured Caleulated 5 B B

W | s | O | b0 | G | G | P | 05 | Om

L-1 38 19 6 27 14 4 073 | 076 | 065

L-2 50 27 10 26 13 4 052 | 051 | 040

2 L-3 34 17 5 27 14 4 079 | 084 | 077
B

- L-4 4 21 7 27 14 4 065 | 066 | 055
=]
Q

E T-1 35 17 6 26 14 4 076 | 080 | 068

S T-2 35 17 6 26 13 4 072 | 076 | 067

T-3 35 17 6 25 13 4 071 | 077 | 072

T-4 43 20 6 26 13 4 060 | 066 | 063

L-1 40 22 7 28 15 4 073 | 068 | 057

) L-2 84 50 18 27 14 4 033 | 029 | 024

2 L-3 35 19 6 28 14 4 0.78 0.75 0.68

g L-4 1 23 8 27 15 4 067 | 065 | 054
w

2 T-1 38 20 7 2 13 4 069 | 068 | 059

g T-2 35 19 6 25 13 4 | 073 | 070 | 060

S T-3 38 22 7 25 13 4 067 | 062 | 055

T-4 45 23 9 26 13 4 064 | 065 | 052
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PLERRDLH, FRTIILEOIDI, GHEME 6a)/(ERE don) HEIMSHERL LTHW,

L BRBRGORBEHRICOWTHRD &, 5l EHMBLLF.J AR EL, ¥80% Lits
Tz, BFEMIR oW, FERBEIAEREON 15 feitofe, ThiL, EME M2z SR
MEYRETTZIFTC50-R L, SIERTRERC X - TEBABI2bhiclablEr
bhb, Wik, SREFLLEAREELXCOVWTAS L, ik, EREOWEAECXsE
ZALhENoTeh, EREXVHREEXEIVBVHRLRL, ThLh0.75 065§k T
Bol, Thid, ZHELHEERHRTHAORHL, ARZEBEENFENHTHADTC, BH
EHRKEL Lo lcdEEZLRLY, SLRELVIENFI LRI LERD B,

R, THeOWTASE, ¥, BRUMABCEER L, ¥k, FREBLWERL
BLEBE, HEDEXALRRY, ChIIEFARERLEALIRDIEN VLR NT, M
BRI EY B IE SR CIEERLTWAEELLRS,

Fte, LEL TREEBE L CAS, 7, SHEELFMEWERZR L, 2hicks
T, FMOWEEZ ML SR TR (22 €, KRB 3oHEFS,) X, BARERD
BAVSA TR EE LWL Bbhb, ¥, oz kil, BREEEOLRBETH
COWCHLRABETH B, F.IL i, THILBEIvEL, LEDOHBY Th-, Thil,
TRCRIFEFasdc LEX vEAXEEL Y, LELRAZOKE, EMESHNE
bhied{ Wi &, BERBHO7 4 v —~HORRE Y & s eledbOFHEEEROBL, R

K5 HAIERBRER RR2
Table 5. Results of stiffness test (Test 2)

Elastic deformation (10~3 cm/kg) Efficiency

Specimen Measured Calculated s 5. 3w
do 015 3 8o o1 d3 % %5 O3

A 44 21 7 30 15 4 0.66 0.69 0.60
B 40 19 6 27 14 4 0.67 0.74 0.63
C 41 20 7 27 14 4 0.64 0.70 0.58
D 43 21 7 26 14 4 0.60 0.65 0.54
E 44 21 7 26 14 4 0.59 0.65 0.53
F (t) 43 21 8 26 14 4 0.61 0.64 0.51
G (¢} 40 20 7 26 13 4 0.66 0.67 0.53
H (t) 53 26 9 28 14 4 0.53 0.56 . 0.45
1 (c) 46 23 9 26 13 4 057 057 0.45
J () 50 26 9 25 13 4 0.51 0.50 0.40
K (c) 50 26 10 26 13 4 0.51 0.52 0.39
M (t) 43 23 8 25 13 4 058 0.57 0.47
N (c) 61 31 12 26 13 4 042 044 0.32
P (1) 48 26 8 23 12 3 048 0.46 0.40
Q) | 42 18 24 13 4 032 0.31 0.21
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0.8 0.7}t
w 0.7 b_—(/"/b\ 0.6
(LY 0.6 m.? 0.5
)i
719 23 28 33 38 (mm) 0'4151
tenon length 19 23 27 31 35 38 (mm)
B—5 iR LFRS OBK tenon depth
Fig. 5. Relations between stiffness efficiency n s
and tenon length (at 8ys).
0.7
IUEABOERECL ) THORE KM
RIS IR EE LOT I, SOl .
wrsbDLBbhs, -
4.1.2 HEsOBE HR2) ? 0.5
'S
HRE £-DHRL, WHEERIESER
_ ~ . 0.4
ORRE X-5, 6 KR LT, FhoBfrst
B (2) K% FVCCEE L, o3l
MEIORE~DEEL LS L, MRS T N
. 19 23 27 31 35 38(mm)
219 mm, 23 mm CREE, Zhil ko & tenon depth
CRERD X D ECAIESEL /), 33mm (2)

o . BEl—6 FiMgE L OBIR
TRLEHETH o, LinL, HEDS
BLBHETH - HH W) LRE @ FR4

7VF, MIREREEELEbRLE, B Fig. 6. Relations between stiffness efficiency
R R EREGLVERTI, 251D and tenon depth (at dus).

nB. Ciut, KB LB e S HEk (1) Tension type, (2) Compression type.
BHRCE 2 BHEINI G, LW ERYBAT TS,

W ORI T2 BB oWTARB L, Eft, TRETPPER2EHAY R LI,
¥, R TIR23mm CTHOWHRAR LY, 2EMERD L, MEniMEL b LXK
2EL e h, ZOMEEIE8mm A5 3l mm ¥ CLITERBT, ThU T TRFoME it
BAaBE AL THIDOEBNhS, Thicdl, TRATRABCHREVIMEL BB oRT
HERITET T2, TOBRIGERABRCIDLEEbND, £, FOEBEXZERMGD
3lmm 15 38 mm ¥ TOHRZFLTEVDIDTHoTe, ThbXbh, EIATHMRWEHEN
DEENRDHME (AR T RV)/F ) 2208) L ETREROE B % vBEbhi
W, EBbhB,

4.1.3 ERFOEE

RER1 LR 205 BLTWTEDOR L4 7ORBBORELFTFid &, Rl o T-1 ©
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13 0.68~0.80 icxt LRER 2 D A BRI 0.69, RER1 DO L22EACO51 e LAKR 2 0P HHR
046, AR 1D L2 FMHATO029 1 LR 2D QEMNO03L (FhFhdy &ich, Rl &
RB2OERREHFORNTHD, BEAOBIORBE~NOHEIZ-F VLR RHIRK
Pl

Thboz by, ROABRERAOKE NIV A CREEBIRBITH L L AL LTHI Lon
2%, ZORDAIIEEBOFEY S TEL L TINRVWRIVEROERIELSIHD
EEZDLRSD,
4.2 WHhERER

4.2.1 EFEWEOOWHH HEl)

BREEEO6IRT, TTTRIATVEBRKMT T2 v OFEMBERIR, HHORD
TRV, (9K)

x -6 WORBREE RRD
Table 6. Results of strength test (Test 1)
f L%s(i .at Max. load Max. bending moment Efficiency
’{gzgdei nog Specimen P Proax Pp/Pmax Obse::ed Calcucl:lted
Mob/Mcal
(kg) (kg) (kg-m) (kg-m)

L-1 39 63 0.64 19.9 48.0 041

L-2 39 54 073 17.1 50.4 0.34
) L-3 46 67 0.68 21.2 49.0 044
E L-4 33 56 0.59 17.9 49.0 0.37
é T-1 45 71 0.63 22.7 50.6 0.46
& T-2 38 57 0.66 180 516 0.36

T-3 38 60 0.63 19.1 524 0.37

T-4 28 62 0.45 19.8 505 0.40

L-1 31 60 052 19.1 483 0.40
° L-2 12 20 0.58 6.4 41 0.14
8 L-3 29 70 041 22.2 486 047
g L-4 25 48 0.52 15.4 486 0.32
=
:‘2 T-1 30 64 0.46 204 50.7 041
g T-2 31 52 0.61 166 51.9 0.32
© T-3 24 55 0.44 175 53.0 0.33

T-4 24 55 043 174 50.7 0.34

(FHETE~2 v M)/ EHEBRTE—2 v+ Mew) DT E T2 E, LB F. ]

D E <044 £ 047, Fio, THTXFEMAR 041 &£ 046 TH 5T, LB OWTHRS &,
BAFMA5 R, ERMcroENELY. Thit, RORSOREIEbhicbDLBb
ha, THTE, PREELRZEELZSE, BLULRZERCEN02 L EBRAE - TE
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D, COZENLMESARHACH BETL0LUNEhs, LEOLOL THOLOY
HBLTRBE, SHEFLPRCEVT, JERCSREERTMNL VETEVCHRCTS -
fent, ERBTRERRLRLh T, TOZL LD, H3ORHOFERMICLDE V¥
BEYRBIEFERVWEEZBRD, 2O &, AREEFCOVWTLRAETHS, F.J wown
T, LEARTHI VECHETH -7, Chu, MTHE, BAROREDE-EEDY
LEbIS,

BRI, B, SKEY, BRERCRSHOBELE, BUR MREESRE
EUCEER L DB A U, FJ CEA BRI CETR~OSC L D L, L
ML, LBE THCRERORSNET R - Tk Y, LECRbLEL DEEEIRE Vi
Hhik U0kt l, TECREERHOER FibblHdR) 5o, 3BEHIEEE
ZIERBWHE, T3 0BT ERB I E - THROE D LicEihe &
Ui,

4.2.2 MESORH BHR2)

R 2o IRBRERY -7,
HEEIZ@ORI v BRLLOTH D,

ME S LMNBROBERIOVWTHRB L, K7 TRINS LK, WOPRIMESI TR

Wk L DR OBIRE K-7, 8RR L, PO

1 WHRBRER E®R2)
Table 7. Results of strength test (Test 2)
Lcl,)é(i .at Max. load Max. bending moment Efficiency
Specimen P Prax Pp/Pmax Observed Calculated
» Moy cal Mob/Meat
(kg) (kg) (kg-m) (kg:m)
A - 38 69 0.55 21.9 51.0 0.46
B 38 59 0.64 187 ©51.1 0.39
C 34 54 0.62 17.2 51.3 0.35
D 27 36 0.76 115 51.3 0.24
E 24 31 0.77 9.8 50.9 0.20
F (t) 35 63 0.55 20.2 50.5 0.41
G (¢) 40 66 0.61 209 51.3 041
H (t) 33 54 0.61 17.2 46.4 0.38
I (¢) 32 51 0.64 16.1 51.0 0.32
J (1) 37 59 0.62 18.8 51.2 0.37
K (¢) 25 44 0.56 14.0 50.8 0.28
M (t) 43 60 0.71 19.2 51.5 0.37
N (c) 13 34 0.39 10.7 50.7 0.21
P (t) 43 62 0.69 19.7 51.3 0.39
Q (c) 9 20 0.47 6.4 52.3 0.12
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Fig. 7. Relations between sirength efficiency 0.4
and tenon length. g
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Fig. 8. Relations between strength efficiency

and tenon depth.
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4.2.3 EEFOEE

RBR1oT-1HMERBR 2O ARNYHETSE, ThEh041 £ 0468 L0046 TH -7z,
¥, RR1IOL25[RMLABKRZOPRTIE, ThZh034KX00039, RBRL1OL-2E
HHELRBR 2D QHTE, FhFROMUBIT0I2 Thol, ThbD a4 7OEAL, B
HoMHC X v BEEBOMNIBEEIhDEZELbh, TORDEENREI LT ZoHK
IRIERAEY, PEELS LT3, Thied L, EEFOEEY ST HLELLhLRB LM
WoOWTHS, AB1 LR 2 ORBRECIERLETEZ 530000 T, M-7TLhFERKR1
DT20EZDLOXMERALTARSLE, #5030 L bREE1 0 T-2 0 0.32~0.36 X h BETE
WEE e ok, ThABDOZE XY, BEMNOBIISZMIETREOMICEBYEXSE
ERFHINDN, SHLEELEORBRLETH S,
43 MHhoF A

G~ KL W RDONBWHOFREOERNE T HEEREL K-SRI VIIR LI,

(1) Tension type, (2) Compression type.
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£8 WHFHoOHEE FRI)
Table 8. Fitness of max. bending moment predicted (Test 1)

’{ggﬁ nogf Specimen Matbgzl:sel:ilgl\%zﬁent Equation used Efficiency
(kg-m) Mn/Meay
L-1 19.1 (6) 0.79
L-2 164 (8) 0.96
2 L-3 21.2%2 (9) 0.97
E L-4 17.1 1)+ 1.00
é T-1 21.7 (6) 0.88
= T-2 173 (1 0.98
T-3 19.1%2 (10) 1.01
T-4 19.0 (11)#3 1.06
L-1 182 (6) ) 0.77
o L-2 5.8 (6) 1.06
& L-3 22.2%2 (9) 1.03
g L-4 147 11y 0.82
i
g T-1 195 (6) 0.78
g T-2 159 (11y*s 0.90
© T-3 17.5%2 (10) 0.92
T-4 16.7 11y 0.93

* G)REMBLTRD A,

2 Q)AREMHL TRDI,

*3 BUMIEE X1 r=1065kg/cm? & F\ 7o, (BB O FiBIMTAE X)

*1  Equation (5) was used.

*2  Equation (3) was used.

*3 r=155kg/cm? (Average shear strength of the members).

F-B8DHARYBLHLDCAVETHEMER, ThZfhottnoWEBEBRI X - TR R
HEZ L EXORBRTRESOCEFEHREZACTRD A, Thbb, M, =KEE, B
MEREHEIAOTROBHE e X v 6) RT, BAPHIIBEEIIILZEONE % Nk
LTO®RT FRLW, AREEXFTROADRCHELL, @R TR, BHoMWkH2
HIEH 155 kg/em?, EERBOBIE 3 321165 kg/em? Ch » 72D T, (11) KD v i1 5BH OB 8
EEHWE,) ¥, F.I TR0, 10 ROFERAFH W, -9 TX, ThfhoMESC
BT (), (7), B), A1) ROBARE R LI, B2 THEMA LIBEER O H 12 122kg/
em? TH oD C, 11)RD t i 3EEBOMMBITAVI,)

R 1 TIE, T, SREFYBZXF0S0LULEOFEERYRL, HHPEEFOMED
A5y FERE; MIHBROTERLOTHSH EBbI5, T, =WEETIE, FR5IERE
ZEHEO0BOLUT Einote, ZhiE, —ELREIVECHAIDLDONRD - D TH S,

RERB2EBVT, BLMWCRHEINSESmm CT CREEBRICI VMR INELAR
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9 WHATHOHEEE (REr2)
Table 9. Fitness of max. bending moment predicted (Test 2);

Max. bending |— Efficiency Mby/Mia;
Specimen g?\zﬁnﬁﬁ,’;} Equation used
(kg+m) (6) (7) (8) 11y
A 20.9 0.85 — — 0.75
B 17.9 0.74 — — 0.80
C 16.5 0.67 —_ — 0.99
D 11.0 0.44 — — 0.95
E 94 0.37 — — 1.13
F (t) 194 0.89 0.86 0.40 0.80
G (c) 20.1 091 — — 0.83
H (t) 16.6 0.98 0.90 0.44 0.82
I (c) 15.6 0.87 — — 0.78
J (1) 181 1.38 1.16 0.60 1.17
K (¢) 13.6 1.00 — — 0.81
M (t) 18.7 1.98 1.46 0.84 1.63
N (c) 10.4 1.09 — — 091
P (t) 19.3 2.99 1.83 1.23 2.36
0 (¢) 6.2 0.95 — - 0.76

O G)REEALTRD R,

*2 B A 0 =122kg/cm? & V7o, (BB 2 THWR-EH B OB X)
*1 Equation (5) was used.

*2 t=122kg/cm? (Shear strength of the adhesive used in Test 2).

HTwb, ¥, 33mm X VREIDEVLOTIRAD XRAEFC IS BE L. thbo
EXh, RLMOMHRS ARSI ETREHOBRICHBEINMAGCHET LM, Fhiv
BUCRESTREEBCHESh, BER IR th BT 28 ouEEYE T2 L2
z2bh5, b, BEEBOHMMINB RNEERELAMEIREL kb, T, BB
BoOMWHRIATHOBEHABI I VEVDIDTH T, MEIRESOEITHIT, Wb
EEBOWUMBEINHL Ko THMOW AU Ettom kb v & Bbhb,

RERBAEWTE, ERMACIERBECH 3 mm 2 TOL0R6) R L LFEE LT3,
Chilbh 2R IUTORBILOM N EY E LV EERLTWALDLEBLLRS,
ThWHHROTAE L—H LT3, 27Tmm OMBLTE (7R, 23, 19 mm OREWT
BEEARBIVERER LD, ThiX 27 mm BE ORE - TIIMAT 3 T EME Al CBH R
CALDORAL, TR VEL o3 EMTEBBEBCASIMICIERELTCLE I AL TH
%, MARE @ REFEWHTDMEVTER, ) RBHOBRB ChIIEEYRD5Z LI B
bha,

BAERTRAO S 01X, 6) RA1087~1.09 LERTXLBEERE Ko T2,
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B x DRBBICDONTRDE, DEDIDOAFTYSFEETEILOND -7, ZhiL, #E,
MIBEFCIBb0EEL2bRD, LrL, KBR300 LIRTHY, B2ERELTLS
BEINIESREDOTELMNIAELRE EBRDNS,

5 #

o

24x38cm WD : A+ FRBHEHVT, TN, BLi, HxxEE, BMAFEMW F.J
ZOWTZORIME, HeonTH B L, BREC2EFDIISKEHIhS,

1) FiREE, LECFE ] A, THCEFRSICE LWARWELX R L, ¥, B
PR CREIENERAERTERON 15 G Lo, ThRIERC X - TERRBI LR
feledbéErbhb, SHELBLETHEZERLT, BEHRCHTIHESOBHMOEEL
b higd Tz,

2) WhEe B ARSI, MREICIBZFEEILZL ook, MW TR
TRMEGHEL R BEORTHRL D L, Fhedl, ERMAZALVH 31 nm T
RTRFOL 0 L ABRERD T35, Th X v EL IR RIEL ot

3) BEEHORE~DOHEEILAShI T, v

49 WHHERCTE, LECF LN THCERRRVWHETH -, i, BLRALZER
&, TOEMIBIMSERLIFERAETH .

5 RLWMOMNIBERIZLZOMEIC L - TERBHEA L,

6) B PRoOmHRIZ, TRATCIIMRECHEL B O TEHREHERAI T30
HL, ERGEAECS3Imm L VEWSORTHAOLDLRAKBOEBmERTA, Fhi
D& DIRIZIF 0.37 O—F LTcfl & T - o,

7 BEFOWNHCS 2 5HEY, EERTHETSLELORS 24 7DD TRES
Bdbhiz,

8) FEEAOEAMIYL, RIFELF25LE2bMHBRTFERVCEFERTCFAL
TR, B0D-F Y XD oletd, KRy 15 BE L IER LTS #HR T 2 8B °F
IRTFHTES L Bbh3,

X ik
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Summary

The tests were carried out to determine the stiffness and the strength of the various
types of the joints of wooden chairs.

In test 1, the joints investigated were open mortise-tenon (L~1), mortise-tenon (T~1), mortise-
tenon with shoulder (L-2), blind (T~2), finger (L-3, T-3) and lap (L-4, T-4) joints. In test
2, they were mortise-tenon (A), blind (B-E) and mortise-tenon with shoulder (F-Q) joints.
These dimensions are shown in Table 3. ‘

To evaluate these performances, eighty jointed specimens in test 1 and forty-five ones
in test 2 were constructed of Mizunara (Quercus mongolica var. grosseserrata) and bonded
with a kind of PVA. Furthermore, some theoretical expressions were developed to predict
the strength of those joints.

The results of the tests are summarized in Tables 4, 5, 6 and 7, and the fitness of the
predicted strength of those joints is shown in Tables 8 and 9. The test results are sum-
marized as follows:

1) In the stiffness, the finger joint in L type, the mortise-tenon and blind, joints in T
type were the stiffest ones in the joint types tested, respectively. For the mortise-tenon joint
with shoulder, the tension loading type was superior to the compression one in the stiffness.
As compared with L type specimens, it appeared that the back post members of the T
type ones had little influence on their stiffness.

2) For the tenon dlmenswns, it appeared that the tenon length had little influence on
their stiffness but the tenon length influenced fairly them.

3) The effect of the difference of the adhesive densities on the stifiness was not clear.

4) TIn the strength, the finger joint in L type, the mortise-tenon in T type were superior
to the others. And they showed the same tendency with the stiffness test, except the blind
joint. k

5) The strength of the blind joints decreased lineatly with their tenon length.

6) For the mortise-tenon joint with shoulder, the lower the tenon depth was, the more
the strength decreased linearly in this compression loading type. In contrast to this, in the
tension one the strength of the specimens in which the tenon depth was higher than 31 mm
showed the same tendency with the compression one, but the strength efficiency of the speci-
mens in which the depth was lower than 31 mm, was about the constant value, 0.37.

7) It appeared that the adhesive influenced fairly the strength of the joints which were
considered that they were destroyed from their adhesive layers.

8 It was found that the maximum bending moment values of the various joints could
be approximately predicted. In practice, if the safety factor is about 1.5, the predicted values
will be satisfied.

e



