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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. MFOIIEAER F1IER BFEOLH
21 RERIK Table 1. Specifications of joints.
=l e T . e TS o = HFEREL)
SRR, ST Ch 2 IEHNT SIS, 20k wromt | HeKEs | ME **hfi:;(t“) length of | %
AT R S i R el ioint No. i
W, B L USEH R 2 IV BEA B TH Y, ot e " o] om | |
Mg 120mm, #0120 ~ 300mm, TR S RETE 120 =
1L 120 ~ 600mm & L7=, sEBREIZH =T 32 KM-1812 120
KM-1815
St Lk 2 5 L k3 FTRIA 0
XWH (ET0, JAS | BARY) ThO, BBETE | o o o | W =
ah o Th B TI/HLZF@{}Fiﬁgli, H ez =n 14 koshikakekama— 120 ‘ %
) - tsugi joint KM-1815m me(finai
T THBRILICE T ENTWVA, T 0
BTOLEEEZE | ~3RBLUE | RIZRT, M 2010 120
o KM-2415 240 150
22 HEBAE KM-2418 130
U S 1 i e el - KN-1530 150 300
M7 0 3B LA BRI () S8R % Y » T
WTITW, W EBfLIZFNFie— Re/L (FiE kanawa-isugi KN-1848 | 120 450
B joint KN-2448 240
200kN) 8 L OO T dB A — BN ek A b — KN-3060 300 600
. e 0OD-1530 150 300
27 50mm) AW TEIL 7=, &40 & bikriksk SEH ol D155 o 360
s S - A BRI T 7z okkakedaisen— OD-1848 120 y
E7HT, RO KEHEMNIT, %9 6% tsugi joint 0OD-2443 240 450
OD-3060 300 600
- 120

erﬁi”
& slope J
1/10 15

%10 SEOHE (BENTHRED)

Fig. 1. Specifications of koshikakekama-tsugi joint.
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EOE HTOLE (BHRD H3E HTFOLH CBHORRKRS)
Fig. 2. Specifications of kanawa-tsugi joint. Fig. 3. Specifications of okkakedaisen-tsugi joint.
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kanawa-tsugi joi

%4 WFD5RABK T E

Fig. 4. Method for tensile strength tests
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HZARFORBPIEREFE 2 ~4 RIS, MHELLEE
ORI (AFELERE) DFl%E 5 BICRT,
Foxk HABRBER (ESHUHERE)
Table 2. Results of tensile tests (koshikakekama-tsugi
joint).
N Pmax 2"‘3’Dmax pY o MC
0.
(kN) (kN) kN) {(g/em)] (%)
av. | 126 8.4 69 | 041 174
KM-1212 ~
cv. | 024 0.24 020 | 013 0.79
| me 14.9 0.9 9.3 0.39 114
KM-1215
e | 0.19 0.19 029 | o1 038
av. | 140 94 82 | 045 | 473
KM-1812
cx. | 013 0.05 023 | 017 | 042
av. | 17.1 114 99 | 038 18.8
KM-1815
cv. | 013 0.13 016 | 010 | 04
Cjav.| 210 14.0 131 | 042 | 326
KM-1815d
ev. | 043 0.13 018 | 008 | 023
Cav | 17 114 96 | 039 | 316
KM-1815m : :
e, | 035 0.35 033 | oo+ | 038
av. | 184 12.3 104 | 042 | 350
KM-1818 5
ev. | 0.21 0.21 027 | 0.08 0.35
av. | 203 13.5 127 | 039 | 213
KM-2412
cx. | 0.18 0.18 026 | 005 | 022
av. | 219 14.6 13.0 | 037 | 213
KM-2415
e | 016 0.16 018 | 004 [ 029
av. | 232 15.5 143 | 037 14.8
KM-2418 -
ev. | 0 0.11 008 | 005 | o014
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cyciic load testing machine displacement sensor (upper and (ower)
s . 2 $20__ gt 2-¢ 20
[ | o e e o9
B K L C200KN) s
toad-ce!l (200kN) S 1000 > -l s H
3 ab: el AR
koshH:akekama-tsugl joint }%oﬁlter baz\e
4-930 Lr—— 4- 930
== - b= —__ LB b —__‘
_ - 1800 _j_‘ - i
SHME, BHITRERE

nt. okkakedaisen-tsugi joint

of straight joints.

£33k HBER (EHpx)
Table 3. Results of tensile tests (Kanawa-tsugi joint).
N Prax | 2/3Pma | Py 0 MC
[o
(kN) (kN) kN) [(@/cmD} ()
av. | 303 20.2 14.2 0.3 18.
KN-1530 v, | 303 0. 30 _(7
c.y 0.14 0.14 0.12 0.07 0.5}
KN-1836 av 36,§ 243 16.8 0.41 3{.9
[SRY 0.13 0.13 0.09 0.13 0.39
awy | 323 215 14.9 0.43 42.
KN-1848 ay 32:3 5 3 7
cA 0.26 0.26 0.18 0.26 0.68
KN2448 av. | 489 32.6 26.6 0.39 239
c.\ 0.11 0.11 0.07 0.06 0.21
@ 55.6 37.1 309 0.3 21
KN-3060 av 56 37 3 36 6
(SRS 0.11 0.i1 0.23 0.07 0.33
Faxk HRBRER GBETRE#E)
Table 4. Results of tensile tests (okkakedaisen-tsugi
joint).
N P rmax 2"v3Pmax PY o MC
0.
(kN) (kN) &N) [(g/cm®)| (&)
@ 385 25.6 209 0.3 19:2
655055 ax 3 5.6 ) 37 9
cv. | 0.10 0.10 0.15 0.04 0.44
L. lav. | 490 327 28.1 0.39 325
OR-1836' I [ as 0.05 004 | 005 | 029
av, | 50.3 330 293 0.39 213
-] 848
e caL | 0.09 0.09 0.09 0.05 0.15
aw | FI2 51.4 44.6 0.3 173
OD-2448 ay 51 38 73
e | o0.10 0.10 0.14 0.07 0.33
av. | 78.6 52.4 47.1 0.34 19.3
OD-3060 [~ > =
cyv. | 0.08 0.08 0.08 0.07 0.33
B 24 LB av. s TR o BEIREL P BRSSPy s BRIRI S,
piEE, MC: &k
Table 2-4. Legend) av. : average, c¢.v. : coefficient of variation, P, : maximum
strength, P, @ yield strength, p @ density, MC : moisture content
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Fig. 5. Sample curves for relations between load and displacement.

3.1 [EBNTEME

EAREE R SIS A AW (58 6 KD
T o720y, HETENRKE e DIt - TH

YR AW &SRS T OEAIKE (BTR) %
ESGEMNR BN, EidMeEE AT
LWL > T KAGHE, S bW B LD
LT, HEWILZIRIEIEO N0
7o WS BRI IE 213P 0 £ 0 B/ E
<, ZFOITFEE 089 Th o1,
32 SEpHE

A/ E WA AT (58 8 &)
MEL LoD, MEnRRE<R5ICZL

Tehio T, BROFTHWE (FIR) EA
Wrik i (B 10 B) RO BAILD L DIt o7z,

85 & LD E B RMAEFFOEA I 10mm
IZELTRY, oot ~25 & K& E
ERLTVED, ZIUIROBEREEL K
XL AL DTHD, FUHMEWTHTFE
S &L &7 KN-1836 & KN-1848 & # [kt
NB &, TR IDREL 2o THM LM
LTCWRhot, ZHIEX LT, FUM#TERE
ETHE VDRI D KN-1848 & KN-2448 &
BLERDE, MEWAREI DI EILES
T Em L LTuwa, BRI DD 213P,,,
(23 2 IS 0.74 Tho e,

£7 HO LM%
Fig. 7. Compression failure of
kama-ago (koshikakekama-tsugi

%6 BMEADE AMBRIE

Fig. 6. Shear failure from kama-

ogi (koshikakekama-tsugi joint).
joint).
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Fig. 9. Compression failure of
dowel (left: before, right: after
loading) (kanawa-tsugi joint).
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Fig. 8. Shear failure of beam
(kanawa-tsugi joint).
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Fig. 10. Shear failure of dowel
(kanawa-tsugi joint).
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AL, EEMEVOREDN—EORBRET

RO LD BENE D OFIRBIE (B g1 wANKE EE HOEOTHEHE
13E) NAEUE. 77, MEOVWKEOHTEE Fig. 11. Shear failure of beam Fig. 12. Compression failure of
ST AW RS LT o, g (Cikakedaisensugi joint). jﬁfl’l;g‘ce (okkakedaisen-tsugi

IR T3 D 2/3P 0 W XT3 5 LT 215 0.86 T
o,

£F13H BEVBIALDIR
E&'i%
Fig. 13. Spliting failure at notch
(okkakedaisen-tsugi joint).
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Fig. 14. Area of shared stress for calculation of strength.
4.1 FEBNTHSRE Eff : P=dx (h/2) x2 [ xFc
TR RE IO ABIKE L, Sidb TDE ZIZTP:&KRMNH (kN), L: RS (1K
WETH D, FAFNEARERIER 2 A ZM, mm), B (mm), 48t g (7.5mm),
M AMEE AT U TFTOXbiith&ilE L, Fs . W AMFIEGRE (A X OY4A 1.8N/mm?), Fc:
AW P= (L72) x (h/2) x2 1 XFs JEAMEELHETRE (A E70 D34 23.4N/mm?)
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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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