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Effect of Swelling Behavior on the Strength of
Glued Wood Joints

Tomoyasu SAKUNO* and Teruo GOTO**

The swelling pressure and swelling of glued woods and solid woods of Makanba (Betula
maximowicziana Regel) and Kapur (Dryobalanops sp.) were measured when immersed in
water. Glued wood specimens had been glued with three wood adhesives (UF, RF and Ep),
the glue line being in the center of the tangential direction of specimens. The relationship
between time and swelling behavior, and between glue- joint strength and swelling
behavior are discussed.

The results obtained are summarized as follows:

1) Both swelling pressure and swelling increased with immersed time, but reached an
equilibrium state after a certain period. The species and the moisture content in the
adherend influenced the rate of increase of swelling pressure and swelling. In all cases,
both swelling pressure and swelling of glued woods were larger than that of solid woods.
2) It was found that glue-joint strength was closely related to swelling behavior, in
particular, the ratio of wet glue-joint strength to dry glue-joint strength varied according
to the swelling pressure, being higher in the specimen with lower swelling pressure.
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Fig. 1 Experimental apparatus for measuring
swelling pressure (A) and swelling (B).
1. cross-head, 2. load cell,
3. stainless dish, 4. distilled water,
5. glue line, 6. specimen,
7. recorder, 8. transducer,
9. differential motion transformer
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Fig. 2 Swelling pressure and swelling us. time
curves for Makanba glued woods in the case
of low moisture content in adherend (about.

10%) .
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Fig. 3 Swelling pressure and swelling vs. time curves
for Kapur glued woods in the case of low
moisture content in adherend (about 109).
O:UF, O:RF, ®:Ep, @ : solid wood
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Fig. 4 Swelling pressure and swelling vs. time

curves for Makanba glued woods in the
case of high moisture content in adherend
(about 309%).
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Fig. 5 Swelling pressure and swelling vs. time
curves for Kapur glued woods in the case of
high moisture content in adherend (about
30%).
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Table 1 Swelling behavior and strength of glued wood joints
in the case of low moisture content in adherend (about 10 % )
Adh N Adhesi Maximum  Maximum  Maximum Dry test Wet test
eren esive ;:,e?linfe lslvnveealllri g ‘slowh;;;liig Glue-joint Wood Glue-joint Wood
U strength failure . strength failure
(omaxkg/em?)  (amax%) (Vmax%) (kg /cm?) (%) (kg/ci"’ ) : (%)
solid wood 17.2 4.3 10.4 — — — —
UF 20.3 7.0 15.5 131 100 91 85
Makanba
RF 17.3 4.7 10.7 123 95 93 100
Ep 20.9 5.9 11.7 136 100 97 80
solid wood 16.9 5.8 10.2 — — — —
UF 18.8 6.5 12.0 88 100 86 95
Kapur
RF 19.8 5.8 10.4 101 100 84 90
Ep 19.0 6.8 11.2 95 100 90 95
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Table 2 Swelling- behavior and strength of glued wood joints in the case of
high moisture content in adherend (about 30 %).

Maximum  Maximum  Maximum Dry test Wet test
Adherend Adhesive ::vee:l:lfe ::Z?;ing :sjzﬁiig Glue-joint Wood Glue-joint Wood
strength failure strength failure
(omaxkg/em®)  (amax%)  (Vmax%)  (kg/em?) (%) (kg/cm?) (%)
UF 15.6 6.0 12.2 95 95 70 40
Makanba RF 12.2 4.5 11.4 79 75 72 50
Ep 14.3 6.5 12.6 87 90 75 70
UF 20.0 6.0 . 9.4 82 70 62 45
Kapur RF 19.8 6.0 9.8 80 65 64 60
Ep 18.2 5.5 10.2 87 90 83 100
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Fig. 6 Relation between maximum swelling
pressure ( Omax ) and ratio of glue-joint

strength in wet (W) to dry (D).

: Makanba (low moisture content)
: Makanba (high moisture content)
: Kapur (low moisture content)

: Kapur (high moisture content)
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