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Analysis Model of Semi-Rigid Joint
Using Finite Element Method™

Han-Seung Yang «+ Phil-Woo Lee*?

ABSTRACT

This study was carried out to develop a finite element analysis model that considers the semi-rigid
characteristics of a wood-dowel joint, which is different from conventional joints that are used in
the field of engineering. Wood-dowel joints are classified as semi-rigid joints that possess the fol-
lowing characteristics : (1) they are less stiffer than rigid joints and (2) their stiffness is determined
by the dowel s diameter. depth of dowel embedment in the face member and quantity of pin dow-
els. In this study a finite element model that considers the changes in stiffness according to the
above mentioned factors was developed and its suitability was verified by experiments using a wood-
dowel joint test specimen made up of particleboards.

After comparing the experimental results and the analysis results of the wood~-dowel joint which
was applied with the proposed finite element model. less than 10% of error was found which is con-
sidered to be negligibly small. Hence this shows that this proposed finite element model can be used
to predict deformation of wood-dowel joints.

Keyword : Finite element model, semi-rigid characteristics, predict, deformation
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Fig. 1. Wood dowel joint specimen.
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Fig.2. Wood dowel joint specimen
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f : Deformation (cm),
1 : Distance between joint and deformation gage
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P Load (kgf).

E: Young’'s modulus (kgf/cm?).

J 1 Moment of inertia (cm?).
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k : Deformation constant.
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fg : Deformation of wood dowel joint (cm).

D : Wood dowel diameter (cm),

em © Depth of dowel embedment in the face
member (em).

n ° Number of dowel.

C :Corrective function.
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Fig.5. Finite element model of “T" form dowel
joint.

Table 1. Deformation of “I" form dowel joints

{cm).
Dowel's  Depth of Number of pin dowels
diameter embedment.
(cm) (cm) 1 2 4
0.5 1.142 0.745  0.35
0.6 1.0 1.199 0.439  0.203
1.5 0.555 0.302  0.193
0.5 1.360  0.636  0.670
0.8 1.0 0.659  0.362  0.228
L5 0.491  0.275  0.180
0.5 0.483  0.390  0.49
1.0 1.0 0.459  0.306  0.197
1.5 0.390 0.240  0.121

Table 2. Deformation of “L” form dowel joints

{cm).

Dowel's  Depth of Number of pin d()Wels
diameter embedment ISR

(cm) (cm) 1 2 4

0.5 1.563 1.861 0.313

0.6 1.0 1.113 0.670 0.299

L5 0.685 (.406 0.186

0.5 2.043 1.019 0.557

0.8 1.0 1.050 0.495 0.408

1.5 0.554 0.284 0.186

0.5 0.582 0.353 0.265

1.0 1.0 0.785 0.283 0.222

L5 0.697 0.228 0.117
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Table 3. Predicted deformation of “T° form
dowel joints (cm)

Dowel's  Depth of Number of pin dowels
diameter embedment -—
{em) {cm) 1 2 4
0.5 1.479 0.80G 0.452
0.6 1.0 0.983 0.452 0.234
1.5 0.613 0.352 0.198
0.5 1.281 0.69 0.334
0.8 1.0 0.669 0.375 0.223
1.5 0.452 0.270 0.176
0.5 1.052 0.476 0.263
1.0 1.0 0.511 0.334 0.184
1.5 0.431 0.225 0.130

Table 4. Predicted deformation of * 1.” form
dowel joints (cm).

Dowel's  Depth of
diameter embedment ——

Number of pin dowels

fem) {cm) 1 2 4
0.5 2.698 1.551 0.874

06 1.0 1.229 0.630 0.308
1.5 0.759 0.396 0.201

0.5 2.109 1.065 0.592

0.8 1.0 0.971 0.506 0.355
1.5 0.601 0.287 0.166

0.5 1.649 1.030 0.450

1.0 1.0 0.794 0.366 .222
1.5 0.601 0.241 0.121
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100 < (Pregicted ~ Practical ) / Predicted - (12)

Predicted - Predicted deformation
Practical - Practical deformation
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Table 5. Percent differences between practical
and predicted deformation in "T" form
dowel joints(%)

Dowel's  Depth of
diameter embedment

Number of pin dowels

{cm) (cm) 1 2 4
0.5 22.8 6.9 21.4
0.6 1.0 -21.9 2.9 13.2
1.5 9.6 14.3 2.9
0.5 -6.2 8.6 -100.6
0.8 1.0 1.5 35  -1.9
1.5 -88 -1.9 -25
0.5 54.0 18.1 -88.6
1.0 1.0 10.2 8.3 7.3
15 94 -6.6 7.4

Table 6. Percent differences between practical
and predicted deformation in “L.” form
dowel joints(%)

Dowel s Depth of
diameter embedment

Number of pin dowels

{ cm) (cm) 1 2 4
0.5 42.1 -20.0 64.1

0.6 1.0 9.4 -6.4 2.9
1.5 9.7 ~-2.4 7.4

0.5 3.1 4.3 5.9

0.8 1.0 -12.3 2.2 -15.0
1.5 77 1.0 -12.3

0.5 04,7 65.7 41.0

1.0 1.0 1.2 22.7 0.2
1.5 -16.2 5.4 7.4
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