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Shigehisa Isumara*, Hikaru Sasaki* and Takamaro Maku¥* : Fatigue Test of
Some Glue Joints.
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Fig. 1. Adhesion of beech plates.
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Table 1. - Moisture content of specimens and thickness of the glue-line.

- : Average .
Resintype | THknesm | sy | oo | Averase thicknes
) content g

Urea- - U-0 12.3% group closefCéntact -
formaldehyde 0.5 mm U-0.5 - 11.3'2“"”3-ge 0.42 mm
resin ‘

1.0 U-1.0 10.0 ‘ 11.2% 1.27
Modified - : M-U-0 ] 12.7 close-contact
urea-
formaldehyde 0.5 M-U-0.5 - 12.6 13.3 0.29
resin

1.0 M-U-1.0 14.5 0.86

— P-0 12.5 close-contact

Phenol- ;
formaldehyde 0.5 P-0.5 1.0 | 12.2 0.25
resin

1.0 P-1.0 12.5 0.92
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Fig. 3. Specimen clamped in the NISHIHARA’s Fig. 4. Some examples of variation of bending
plate bending fatigue testing machine. moment during testing.
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Fig. 6. Strain distribution in a crank type specimen of bzech under uniform bending

moment (by brittle lacquer technique).
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Fig. 7. Stress distribution in a crank type specimen of epoxy
resin under uniform bending moment (by photoelastic techni-
que).
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Fig. 8. Directions of principal stress in a crank type speci-
men of epoxy resin under uniform bending moment (by
photoelastic technique).
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Table 2. Statical strength and fatigue limit of specimens.

Glue-line Statical strength Fatigue limit®
Adhesives | thickness |-y ot e | Momenth T~ Wood M:/M,
1 (mm) Mo(kg-mm)ifailure (%) | M-(kg-mm)ifailure*?(%) -
Close-contact | 620 100 | 189 100 0.29
Urea resin 0.42 245 0 —5 —
1.27 —4 | — : — — —
. Close-contact 40 | 50 1 10 40 0.25
Modified 0.29 595 | % | 170 87 0.29
0.86 590 ; 75 185 75 0.31
| Close-contact | 555 100 165 %8 0.30
Phenol resin 0.25 555 95 160 73 0.29
0.92 570 100 160 78 0.28

1) Moment given at the edges of the specimen in figure 2.

2) Percentage of wood failure observed in specimens broken at 108< N <107,
3) Fatigue strength at N=10?. 4) Delaminated before testing.

5) Was not determined.
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Summary

A new fatigue testing method for glue line of bonded wood was presented,
in which urea resin, modified urea resin and phenol resin adhesives were tested.

Two-ply BuNa (Fagus crenata Biume) plates which had three steps of thickness
of glue line (close contact, 0.25~0.42 mm, 0.86~1.27 mm) were prepared by using
shims of polyethylene (Fig. 1) and shaped into the crank type specimens shown in
Fig. 2.

Bending moments were given to the specimens repeatedly by Nisuinara’s Plate
Bending Fatigue Testing Machine (Fig. 3).

Strain distribution in the specimen obtained by strain sensitive lacquer coating
technique is shown in Figs. 5 and 6. The concentrated strain of cleavage s, at the
edge of the glue line (A in Fig. 6) reaches about four times as great as the
normal strain e, on the skin of an arm of the specimen far enough from the crank
part (E in Fig. 6), namely, the cleavage stress wmo, in the former will be about
33 per cent of the normal stress o, in the latter. The maximum shear strain wyzy
along the glue line takes place at a point a little inner from the edge (F in Fig.
6) and reaches also about four times as great as g, namely, the maximum shear
stress wtey along the glue line will be about 31 per cent of .

By the way, stress distribution in an isotropic specimen was obtained by photo-
elastic technique, and is shown in Figs. 7 and 8. In the figures cleavage stress moy
at the edge of the glue line will be about twice as great as that of ¢, and the shear
stress along the glue line will not be worth mentioning

The results of the fatigue tests are shown in Figs. 9~15 and Table 2. Bend-
ing moment as a function of number of moment cycles (M-N curve) seems to
have a nearly same slope in these three types of adhesives or in these three steps
of glue thickness, and some of them seem to have the endurance limit at moment
cycles of 5x108~1x107.

If the fatigue strength at 107 cycles is taken for the endurance limit, that of
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modified urea resin bonded specimen increases with the glue line thickness and that
of phenol resin bonded specimen is invariable with it, but that of urea resin bond-
ed specimen is almost equal to.zero in the. range thicker than 0.42 mm (Fig. 12).

It can be said that phenol and modified urea resin has an  excellent gap fill-
ing effect for fatigue stressing, and their endurance limit is about 1/4~1/3 of the
statical strength (Tab. 2).
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