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Performance of wooden joints in the Japanese traditional wooden
house Part 1 Tensile strengths of straight joints

Masahiko TODA

To obtain the strength values for structural design, tensile tests were conducted for straight joints (the

koshikakekama-tsugi joint, kanawa-tsugi joint, and okkakedaisen-tsugi joint), used in Japanese traditional
wooden houses. It was found that the tensile strengths of the joints depended on the area of shared
primary stress, and were especially affected by the height of the joint rather than the length of the joint.
When compression stress mainly occurred, the strength estimated by the evaluation formula was almost
the same as the observed strength. On the other hand, when shear stress mainly occurred, the estimated
strength was higher than the observed strength because of stress concentration.

Key words: koshikakekama-tsugi joint, kanawa-tsugi joint, okkakedaisen-tsugi joint, dowel,
stress concentration
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2. MFO5EAER Fl1x BFOMLE
21 IRERIA Table 1. Specifications of joints.
- . . A - MFEIL)
HERRIT, ERAOHTCH 2 TS, Stk wEon | RRrEs|HE *ﬁ;;(t“) length of | 1#%
WX, I L OB KRR & BRI TH Y, ot tee SR P N i M
PHIEIE 120mm, FFH0E 120 ~ 300mm, #EFE & AR 120 =
1% 120 ~ 600mm & L7z, REBRIKICH W EMIEA KM-1812 120
KM-1815
> H1) ¥ N 2 A S —
FHEF (E70, JAS 1#FHY) TH Y, &k L TIA B | K1s1sd - - d%\i%l
RIS Th D, MFOFERIL, BFEMICFNLE koshikakekama- 120 il
L tsugi joint KM-1815m mechigai
TToTCWVAHERITICE-oTHRENTWS, KM-1318 180
K FPOHERAEE 1 ~3RBLOE1RIIRT, KM-2412 120
) KM-2415 240 150
22 HERAE KM-2418 180
b e e e KN-1530 150 300
WTATY, EEEMIFZENEh e — el (FE kanave-tsugt | KN-1848 1 120 480
joint KN-2448 240
200kN) B L OO 27 — OB E (KA b — KN-3060 300 600
N - & 0OD-1530 150 300
& 50mm) %)EH l/ \T§+¥EU L/ f:o %%14: & %Eﬁ%ﬁ{dg;& J‘E%Mj’}\*@fﬂ%% OD-1836 180 360
< = W= < % okkakedaisen— 0OD-1848 | 120
X 7TIRT, O LIKEBEFMD T, v 61Kk% ot o5 2u5 o 480
0OD-3060 300 600
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Fig. 1. Specifications of koshikakekama-tsugi joint.
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Fig. 2. Specifications of kanawa-tsugi joint. Fig. 3. Specifications of okkakedaisen-tsugi joint.
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Fig. 4. Method for tensile strength tests of straight joints.
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Table 3. Results of tensile tests (Kanawa-tsugi joint).
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3. HERHER
o P 2/3P, P 0 MC
¢‘\* A0)= i (\ o ~ z i ; IR Bl No. max max y
ERETORBAEREE 2 ~ 4RI, WE LR fH BN I P s
DRIRIR (ELEES) OFl%E 5 RICRT, gm0 |- 203 [ 202 [142 [ 0% [ 186
C.V. 0.14 0.14 0.12 0.07 0.51
o e g s KN1836 |2 | 368 245 168 | 041 | 339
Fo2xk HEBRER (EHTESHRs) g cv. | 013 013 009 | 013 | o039
Table 2. Results of tensile tests (koshikakekama-tsugi av. | 32.3 215 149 | 043 827
S KN-1848
joint). cv. | 0.26 0.26 018 | 026 | 0.68
av. | 489 326 266 | 039 | 239
No Prax | 2/3Pmax | Py o MC KN-2448 = o1 0.11 007 | 0.06 0.21
] (kN) (kN) kN) |(g/cm®| () KN-3060 |-2Y-| 556 37.1 309 [ 03 | 216
KM-1212 av. 12.6 8.4 6.9 041 174 cv. | 011 0.11 0.23 0.07 0.33
) cv. | 0.24 0.24 0.20 0.13 0.79
KM-1215 -2 149 99 95 | 039 114 FA4R HBRER BETXREHES
v. | 0.19 0.19 0.29 0.11 0.38 - . .
il Ry T3 Table 4. Results of tensile tests (okkakedaisen-tsugi
av. 1 K N . . ..
KM-1812 joint).
C.V. 0.15 0.15 0.23 0.17 0.42
av. | 171 | 114 [ 99 | 038 | 188 No. Prax | 2/3Pma | Py | 0 MG
KM-1815 - T 018 013 016 | 010 | 041 (kN) (kN) &N) [(g/em®| ()
av. | 210 | 140 | 131 | 042 | 326 OD-1530 A 385 | 266 1209 | 037 | 192
KM-1815d 013 013 018 0.0 023 C.V. 0.10 0.10 0.15 0.04 0.44
Rl : : i i ob.1ass || 490 | 327 [281 [ 030 | 325
N A 11.4 96 | 039 | 316 —~ 1 ooe 008 00 T oos T o029
cv. | 035 | 035 033 | 004 | 038 OD.1g4g |-2¥-| 903 | 336 | 203 | 039 | 273
KM-1818 av. 18.4 12.3 10.4 0.42 35.0 : C.V. 0.09 0.09 0.09 0.05 0.15
cv. | 021 0.21 027 | 008 | o035 D218 |-2Y-| 772 51.4 446 | 038 | 173
R EAER 135 127 | 039 | 213 cv. | 0.10 0.10 014 | 007 | 0.33
- C.V. 0.18 0.18 0.26 0.05 0.22 OD-3060 av. 78.6 52.4 47.1 0.34 19.3
av 219 14.6 13.0 0.37 213 cv. | 0.08 0.08 0.08 0.07 0.33
KM-2415 ———— : : . : o - . ] ]
cv. | 0.16 0.16 0.18 0.04 0.29 B 2-4 K W) av.: FHME, cv. o BEMREL, P WK, P, BRI,
. BRAT . Dk
KM2a1g |-2Y- | 232 155 143 | 037 | 148 p i BB, MC: Gk
cv. | 011 0.11 0.08 0.05 0.14 Table 2-4. Legend) av. : average, c.v. : coefficient of variation, P,,. : maximum

(HRO For. Prod. Res. Inst. No.541, 2012]

strength, P, : yield strength, p : density, MC : moisture content
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Fig. 5. Sample curves for relations between load and displacement.
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loading) (kanawa-tsugi joint).
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Fig. 10. Shear failure of dowel
(kanawa-tsugi joint).
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shearing area
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shearing area
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compression area of dowel
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a. koshikakekama-tsugi joint
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Fig. 11. Shear failure of beam
(okkakedaisen-tsugi joint).
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Fig. 12. Compression failure of
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Fig. 13. Spliting failure at notch
(okkakedaisen-tsugi joint).
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Fig. 14. Area of shared stress for calculation of strength.
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JEfE - P=dx (h/2) *2 [ *xFc

TP KM kN), L:#fES (F1K
ZM, mm), b8 (mm), d: 8 & (7.5mm),
Fs : AW REAERE (2 X054 1.8N/mm?), Fe:
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Fig. 15. Strength of koshikakekama-tsugi joint.
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Fig. 16. Strength of kanawa-tsugi joint.
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Fig. 17. Strength of okkakedaisen-tsugi joint.
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