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Development of Timber Portal Frames Composed of Compressed LVL

Plates and Pins L.

Shear strength of joints composed of compressed LVL calculated using
the theory of a beam on an elastic foundation *!

Kinsaku NAKATA *2 and Kohei KOMATSU*3

To predict the strength properties of timber joints composed of compressed LVL plates and compressed LVL pins,
slip moduli and yield loads of the joints were calculated by the theory of a beam on an elastic foundation and the
European yield theory, and joints with six kinds of glulam were tested in shear. At the compression-type lateral
strength test of compressed LVL joints, first the compressed LVL pin yielded by bending and the load fell once (Stage
1), and then the load recovered and increased when the pin became embedded into the glulam (Stage 2). The slip
modulus and the lateral resistance of the joint increased with increasing density of the glulam. The joint model of
Stage 1 was a three-member double shear joint with timber center and side members, and that of Stage 2 was a two-
member single shear joint with a virtual timber-to-timber connection at the center of the member. In Stage 1, the slip
modulus of the joint and the yield load of the pin calculated by the theory of a beam on an elastic foundation
showed significant correlation with experimental values. In Stage 2, the yield load of the glulam calculated by the
European yield theory showed significant correlation with experimental values.

Keywords:  compressed LVL, shear strength, elastic foundation, European yield theory, dowel.
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Table 1. Mechanical properties of compressed LVL.

Drift pin Gusset plate
WPG (%) 41 41
p (g/em’) 1.31 1.29
MOE (kN/mm®) 26.4 20.7
MOR (N/mm”) 264 189
o (N/mm®) - 150
k (N/mm”) - 313

Legend : WPG: Weight percent gain, p: Air dry density,
MOE : Modulus of elasticity, MOR : Modulus of
rupture, o.: Compressive strength, % : Bearing con-
stant.
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Table 2. Mechanical properties of glulam.
Speci Width  Thickness Pl o Grad Density  MC MOE g ko
pecies (mm) (mm) Y Adhesive rade  (g/em’) (%) KNmm?) N/mm?)  (N/mm’)
Sugi 150 300 14 RF E75-F240 039 13.1 75 24.5 30.0
Lodgepole pine 150 300 9 RF E105-F300 043 15.3 10.5 28.1 421
Douglas-fir 150 200 6 RF E135-F375 058 14.1 135 41.8 54.1
Spruce 105 300 10 1SO E120-F330 046 16.0 12.0 30.9 481
Scots pine 105 300 10 1SO E120-F330 0.1 14.6 12.0 354 481
Western hemlock 105 300 10 1SO E135-F375 053 134 135 37.3 54.1

Legend : MC: Moisture content, MOE : Modulus of elasticity, o : Maximum bearing stress, % : Bearing constant, a) RF : Re-

sorcinol formaldehyde resin, ISO : Isocyanate resin.
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.1.  Compression-type lateral strength test of com-
pressed LVL joints.
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Fig. 2.
Note :

Potential ultimate mode of compressed LVL joint.
Stagel above, Stage 2 below.
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Slip (mm) Slip (mm) Slip (mm)

Fig.3.  Load-slip curves in compression-type lateral strength tests of compressed LVL joints.
Note:  Number indicates joint width and potential ultimate mode at Stage 1 and Stage 2.
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Fig. 4. Failure mode of compressed LVL joints.
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Fig. 5. Joint properties in compression-type lateral strength tests of compressed LVL joints.
Legend: Joint width: O: 105 mm, & : 120 mm, [ ]: 150 mm; X : Calculated value of 105 mm, — :

Regression line of all data, S: Sugi, L : Lodgepole pine, D : Douglas-fir, W : Spruce, R : Scots

pine, H: Western hemlock.
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Table 3. Calculated values of each potential ultimate mode.

Joint width 105 mm

J width 120 mm J width 150 mm

S L D W R

H S L D S L D

694 513 588
66.0 660 660
454 388 416

60.7 537 568

61.9 480 551 819 627 719 1070
66.0 66.0 660 66.0 660 660  66.0
42.8 354 381 479 380 415 542
58.0 487 516 607 487 516 607

Slip
modulus
(kN/mm)

Legend: S, L, D, W, R, H: Refer to Fig. 5. Calculated Values

:Ta, Ib, IO, IIb, I, b : Refer to Fig. 1, Pin : Drift pin, Cal. :

Calculated values, Exp. : Averages of experimental values, E/C: Exp./Cal..
Note : Sample number is 6 for each specimen. Boldface shows calculated values of failure mode that really occurred.
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