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Mechanical performance of shrink-fit joint for round mortise and tenon was evaluated. This
joint is often used in making furniture from green wood. In this study, the evaluation was
made with comparison to glued-fit joint. The effects of humidity cycle of the performance were
also considered. The experiments were withdrawal test using T-type specimens, and bending-
fracture tests using L-type specimens. Tested species were oak (Quercus crispula), elm (Ulmus
davidiana var. japonica) and SPF lumber (mixture of spruce, pine and fir). It was found that
Rights withdrawal strength of shrink-fit joint was comparable with that of glued-fit joint, if the
conditions of the partial bearing strength, the amounts of swelling and shrinkage, and the fit
after the curing period were adequate. However, withdrawal strength of shrink-fit joint
considerably decreased after a cycle of humidity change. On the other hand, bending strength
and joint stiffness of shrink-fit joint were comparable with those of glued-fit joint.
Furthermore, a cycle of humidity change did not affect the bending strength and joint
stiffness.
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Evaluation of mechanical performance of shrink-fit joint for round mortise and tenon
in green woodwork

by

TSUKUDA Takeshi ", KOIZUMI Akio 27, SAWATA Kei 2, SASAKI Yoshihisa 2

O O

goooboooboobooboobobboobbooboobooboobobobobooobooon
ooooboooboobooboobobbobboobo0oboobooboobooboboboobnoo
Ooooooooooboo sprO0D0OCOOTOOOOOOODOOOODO LOOODOOOOODOD
gboobooboobgooobooboboboboboobooboobooboobooboboooboo
gboooboooboobooboobobbobobooboobooboobooboboboboooboo
ooooboooboobooboobobbobboobooboobooboobUooboboboobnoo
googo

ooooooooboooboobobboboobooboboooboooboon

20130 50 31000, Received May 31, 2013
20140 110 4000, Accepted November 4, 2014
1. 0DOOOOOOObOboOooooood
Laboratory of Timber Engineering, Graduate School of Agriculture, Hokkaido University
2. 0O00OO0OO0OOODOOOOOOOOOOOOO
Laboratory of Timber Engineering, Research Faculty of Agriculture, Hokkaido University
0 akoizumi@for.agr.hokudai.ac.jp



10 goboooooooobgo owvod 010

gooao
o00o00o0odoooooooogoogo
OO0O0O0DO0O0DO0D0DO0OD0OD0ODOd green
woodworkO O OO0 Fig. 100 00O0O0O0OOO
O000d00000o0o0o0oo0oooooooon
O00od000o0oOdoooooogoooon
00000000 0DOo0oo0ooDoooooon
OO0 1980 OODOOODOOOOOOOOOOO
0000000000 0o0ooooooooo
00o00o0O0ooo0oooo18sooooooon
00000000 0oDOoooOooooooooon
000000 0oO0oDOoooOooooooooon
O0000000oO0o0O0o0oo0oooooooon
O00d000o0oOooo0ooogoooon
00000000 0oDOoooOooooooooon
000 24
O0o000o0oDodoooooooooogn
O00d000o0oOooooooogoooon
00000000 0DOoooO0oooooooon
000000 0oO0oDO0ooO0oooooooon
O000000o000oO0oo0oooooooon
O00d000o0oOooooooogoooon
00000000 0DOoooO0oooooooon

goooboooooobobbooooboboboogoo

gooobooooobobboooooobobobog
oooobooooobobbooooobobobog
goboobooooobobboooooobobodg
gogooboooooboobboooooobobog
gooobobobooooobobboooooobobog

gobopooobooosogoboobooobooon
gooobobboooooboboboooooobooboo
gobopoboboobooboobob

goooobboooooooobooboog
ggoobobbooooobobbooooooboobo
000000000 shrinkAit jointt0 00000
gogoobbbooooobobbooooooboobo
gooobobbooooobobbooooooboobo
ggoobobbooooobobbooooooboobo
gooobobboooooboboboooooobooboo
gogoobbbooooobobbooooooboobo
gooobobbooooobobbooooooboobo
ggoobobbooooobobbooooooboobo
gooobobboooooboboboooooobooboo
0000000 s0oo0000nooooood
gooooOoOooOoOoToO:OOOOORO:ODDOOO
OLO0O0OO0oo1o0500501000 ¢0000
gooobobboooooboboboooooobooboo
gobooo0oooDboOoOooboOoOooobo TOoOOo
gogoobobbooooobobbooooooobo
TOOOODOOOOOOobOOooOOoooobooo
gooobobboooooboboboooooobooboo
ggoobbboooooboobbooooooboobo
ggd

goooobboooooooobooboboog
gooobobboooooboboboooooobooboo
ggoobbboooooboobbooooooboobo
goooooooo

Fig. 1. Examples of furniture and bowls made in the way of green woodwork.
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Table 1. Average moisture contents for shrink-fit specimens at the time of assembly and the time of test.

Tenon drying Species Moisture contents (%)
level Assembly Test without humidity cycle Test with a humidity cycle
Tenon Tenon Mortise Tenon Mortise

Level A Oak 54 14.9 14.8 9.1 9.0
Elm 131 134 135 8.6 8.6
SPF 12.9 12.3 124 8.9 8.9

Level B Oak 0 121 138

Elm 0 8.4 9.6

SPF 0 6.2 6.4

Notes: Tenon drying level A: Fits of joints for the tangential direction were close to 0 mm at the time of assembly.

Level B: Moisture contents of tenon members were close to 0% at the time of assembly. Oak: Quercus crispula, EIm: Ulmus
davidiana var. japonica, SPF: Spruce-Pine-Fir dimension lumber. Moisture contents of mortise members at the time of
assembly were over fiber saturation points after soaked in water.
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Fig. 5. Moisture contents of the specimens under
change of relative humidity.

Table 2. Number of specimens for each condition of the tests.

Species T-type specimens L-type specimens
Shrink fit Glued fit Shrink fit Glued fit
Level A Level B Level A Level B
Oak 12 2 13 6 5 6
Elm 10 3 11 6 6 6
SPF 12 3 13 7 7 6

Note: See Table 1 as for tenon drying levels A and B.
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Fig. 7. Bending fracture test for L-type specimens.
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obtained from bending test.
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Table 3. Change in fit from the time of assembly to that of test. (unit: mm)

Species Number of T R-L
humidity cycle
Average SD. Average SD.
Oak 0 143 031 0.33 0.16
1 141 011 0.19 0.02
Elm 0 148 017 0.00 0.07
1 146 0.66 -0.09 0.06
SPF 0 093 0.15 0.00 0.07
1 1.02 013 -0.02 0.09

Note: Tenon drying level for the specimenswere Level A; T-T: Considered directions
are tangential for both the mortise and the tenon members; R-L: Directions are
radia for the tenon member and longitudinal for the mortise member.
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Species  Joint type Tenon  Number of Oven-dry Withdrawal strength
drying  humidity  density Average C.V.
level cycde  (glem?) (N) (%)
Oak Shrink-fit A 0 0.65 2129 15
B 0 0.65 2045
A 1 0.64 606 15
Glued-fit 0 0.65 2694 18
1 0.66 2220 28
Elm Shrink-fit A 0 0.58 325 40
B 0 0.58 1266
A 1 0.56 87 41
Glued-fit 0 0.55 2523 17
1 0.55 1484 45
SPF Shrink-fit A 0 0.40 131 66
B 0 0.40 199
A 1 0.40 184 111
Glued-fit 0 0.47 2975 19
1 0.47 1551 52

Notes: See Table 1 as for tenon drying levels A and B; C.V.sfor withdrawal strengths for tenon
drying level B are not presented because the numbers of those specimens were 3 or less.
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Fig.10. Comparison of withdrawal strengths
between glued-fit and shrink-fit joint.

Notes: See Table 1 as for tenon drying levels A and
B; Vertical bars denote standard
deviations; Standard deviation for
shrink-fit (Level B) are not shown because
of small number of the samples.
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Table 5. Moment resisting (bending) properties for L-type specimens.

Species  Jointtype  Numberof  Oven-dry MOR Joint stiffness (K)
humidity density Average C.V. Average C.V.
cycle (g/emd) (MPa) (%) (NmV/rad) (%)
Oak Shrink-fit 0 0.65 107.1 18 754 14
1 0.64 118.2 14 639 8
Glued-fit 0 0.66 103.0 14 658 18
1 0.67 118.9 20 556 21
Elm Shrink-fit 0 0.54 79.9 14 367 14
1 0.56 86.1 29 418 32
Glued-fit 0 0.56 87.2 23 534 34
1 0.59 108.5 23 612 32
SPF Shrink-fit 0 041 75.1 9 466 13
1 0.42 835 17 489 21
Glued-fit 0 0.48 924 11 644 18
1 0.47 93.1 16 603 16
200 1000
® Glued-fit 0
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N E |
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Fig. 12. Comparison of modulus of rupture Tig. 13. Comparison of joint stiffness (K) of
(MOR) of the specimens without the specimens without humidity cycle
humidity cycle and those with a and those with a humidity cycle.
humidity cycle. Notes: 0: Without humidity cycle; 1: With a
Notes: 0: Without humidity cycle; 1: With a humidity cycle; Vertical bars denote
humidity cycle; Vertical bars denote standard deviations.

standard deviations.
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Summary

Mechanical performance of shrink-fit joint for round mortise and tenon was evaluated. This joint
is often used in making furniture from green wood. In this study, the evaluation was made with
comparison to glued-fit joint. The effects of humidity cycle of the performance were also considered.
The experiments were withdrawal test using T-type specimens, and bending-fracture tests using
L-type specimens. Tested species were oak (Quercus crispula), elm (Ulmus davidiana var. japonica)
and SPF lumber (mixture of spruce, pine and fir). It was found that withdrawal strength of shrink-fit
joint was comparable with that of glued-fit joint, if the conditions of the partial bearing strength, the
amounts of swelling and shrinkage, and the fit after the curing period were adequate. However,
withdrawal strength of shrink-fit joint considerably decreased after a cycle of humidity change. On the
other hand, bending strength and joint stiffness of shrink-fit joint were comparable with those of
glued-fit joint. Furthermore, a cycle of humidity change did not affect the bending strength and joint

stiffness.

Keywords: green woodwork, shrink-fit joint, humidity cycle, withdrawal strength, bending strength.



