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Fig. 1. Assignment of test material.
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Table 1. Mechanical properties of each wood-based sheet material measured in an air-dried

condition.
Sheet . u G ksc D[ E Cop Oy Obvp.
material (mm) Yu %) (GPa) (kN/m) (deg.) (GPa) (MPa) (MPa) PA
Wafer 9 0.66 10.6 1.61 854 0 4.84 14.5 19.0 0.76
board 45 3.74 13.8 23.9 0.58
90 2.59 9.7 18.4 0.53
Wafer 12 0.66 10.4 1.66 623 0 5.43 14.1 23.3 0.61
board 45 3.44 14.6 23.6 0.62
90 2.74 11.5 22.2 0.52
Particle 12 0.83 10.4 1.34 1138 0 3.34 11.3 16.5 0.68
board 45 3.13 9.9 14.4 0.69
90 2.32 7.4 11.8 0.63
Douglas-fir 9 0.54 12.0 0.95 864 0 8.47 42.3 80.5 0.53
plywood 45 1.60 9.2 16.1 0.57
90 1.02 7.2 11.6 0.62
Lauan 9 0.78 12.6 0.74 1149 0 9.89 40.7 74.8 0.54
plywood 45 1.97 10.6 24.9 0.43
90 5.19 33.1 58.9 0.56

t: Nominal sheet thickness; 7,: Specific gravity at moisture content 2% ; wu: Moisture content; G:
Modulus of rigidity; #4s: Slip modulus of a nailed joint with the timber; D,: Angle of the longitudinal
direction of the bending specimen measured from the long edge of the sheet material; E : Bending
modulus of elasticity ; o,: Proportional bending stress; o,: Maximum bending stress.
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Fig. 2. Determination of slip modulus.
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Table 2. Mechanical properties of each wood-based sheet material measured after soaking
in water for 24 hours.

Sheet . ¢ Us a; Gs & kses kges D, E, E Opps  Obps  Obs Obs  Obps.
material (mm) (%) (GPa) G (kN/m) &, (deg) (GPa) E (MPa) o, (MPa) g, s
Wafer 9 2.5 51 1.02 063 592 069 0 250 0.52 7.3 050 11.9 0.63 0.61
board 90 1.45 0.56 5.4 0.56 10.9 0.59 0.50
Wafer 12 289 6.4 0.9 058 378 0.61 0 2.9 0.53 8.6 0.61 13.1 0.5 0.66
board 9 1.48 0.54 7.9 0.68 158 0.71 0.50
Particle 12 286 13.4 0.70 0.52 48 042 0 1.69 0.51 6.1 0.54 10.9 0.66 0.56
board 9 1.20 0.52 3.6 0.49 7.6 0.64 0.47
Douglas-fir 9 289 2.8 0.70 0.73 741 0.8 0 567 0.67 19.4 0.46 43.7 0.54 0.44
plywood 9 0.61 059 4.2 059 9.4 0.81 0.45
Lauan 9 40.8 1.4 0.60 0.8 518 0.45 0 583 0.5 33.0 0.8 42.4 0.57 0.78
plywood 90 3.42 0.65 26.9 0.81 46.8 0.79 0.57

¢t : Nominal sheet thickness; us: Moisture content after soaking in water for 24 hours; a.: Swelling in
thickness; Gs: Modulus of rigidity after soaking; #ses: Slip modulus of a nailed joint with the timber
after soaking; D,: Angle of the longitudinal direction of the bending specimen measured from the long
edge of the sheet material; FE,: Bending modulus of elasticity after soaking; o.,s: Proportional bending
stress after soaking; o,: Maximum bending stress after soaking.
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Table 3. Simulated distortions of nailed walls with the wood-based sheet materials tested in

this study.

Sheet Test S I;];‘rll Pisg0 ¥ Vs Vv s Yn
material (mm) condition  SETNE  (kN)  (x107) (X107 (x1079) Y Y
Wafer 9 Dy 7.5  10.22  0.326  0.078  0.248  0.238  0.762
board 10.0 8.17  0.408 % 0.331  0.190  0.810
15.0 5.8¢  0.571 % 0.494  0.136  0.864

Soaked 7.5 6.97  0.478  0.116  0.362  0.243  0.757

10.0 5.57  0.598 % 0.482  0.195  0.805

15.0 3.9 0.83 » 0.720  0.139  0.861

Wafer 12 Dry 7.5 8.44  0.395  0.056  0.339  0.143  0.857
board 10.0 6.56  0.508 ” 0.451  0.111  0.889
15.0 4.56  0.731 % 0.674  0.077  0.923

Soaked 7.5 510  0.654  0.092  0.562  0.140  0.860

10.0 3.97  0.840 " 0.748  0.109  0.891

15.0 275 1.210 ” 1.063  0.076  0.924

Particle 12 Dry 7.5 12,97 0.257  0.070  0.187  0.272  0.728
board 10.0  10.45  0.319 % 0.249  0.219  0.781
15.0 7.52  0.443 % 0.373  0.158  0.842

Soaked 7.5 592 0.563  0.118  0.445  0.209  0.791

10.0 4.69  0.710 ” 0.592  0.166  0.834

15.0 3.32  1.003 % 0.885  0.118  0.882

Douglas-fir 9 Dry 7.5 8.8¢  0.377  0.131  0.246  0.349  0.651
plywood 10.0 7.28  0.458 ” 0.327  0.287  0.713
15.0 5.3 0.620 ” 0.488  0.212  0.788

Soaked 7.5 7.22 0.462 0174 0.289  0.375  0.625

10.0 5.97  0.558 ” 0.384  0.311  0.689

15.0 4.46  0.748 " 0.546 0232  0.768

Lauan 9  Dry 7.5 9.42  0.354  0.169  0.18 0476  0.52
plywood 10.0 8.01  0.416 ” 0.247  0.406  0.594
15.0 6.20  0.538 " 0.369  0.314  0.686

Soaked 7.5 541 0.616  0.205  0.411  0.333  0.667

10.0 443 0.752 ” 0.547  0.273  0.727

15.0 3.26  1.022 " 0.817  0.200  0.799

Pisoo: Load at 1/300 rad. wall distortion;

v, ¥s ¥y . Distortion at 1 kN load.
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Fig. 5. Simulated distortions of nailed walls whose nail spacing is 10 cm.
' D: Air dry condition, S: After soaking in water for 24 hours, WB9: 9
mm thick wafer board, WB12: 12 mm thick wafer board, PB12: 12 mm
thick particle board, DP9: 9 mm thick Douglas-fir plywood, and LP9: 9

mm thick Lauan plywood.
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Summary

Mechanical properties of commercial wood-based
sheet materials for structural uses were discussed.

In the former part of this study, several kinds of
commercial wood-based sheet materials were tested
in an air-dried condition and in a wet condition
after soaking in water for 24 hours. Wafer board
(9 and 12 mm nominal thickness), particle board
(12mm nominal thickness), Douglas-fir plywood
(¥ mm nominal thickness), and Lauan plywood

(9 mm nominal thickness) were prepared for this
study. In-plane moduli of rigidity, bending moduli
of elasticity, moduli of rupture, and slip moduli of
nailed joints with solid timber were measured con-
sidering the structural uses; that is, the structural
wooden diaphragms, stressed-skin panels, or other
wooden structural sub-assemblies. Test results are
listed in Tablel for the air dry condition and
Table2 for the wet condition after soaking in
water.

In the latter part of this study, some numerical
simulations were conducted to estimate the racking
resistance of nailed shear walls using the sheet
materials tested in the former part. A simple equa-
tion for the in-plane distortions of the nailed shear
walls was presented following the assumption origi-
nally given by Tuomi and McCutcheon that the cor-
ner nails slip in the diagonal direction. Because
the principal purpose of the simulations was to
investigate the contributions of the shear rigidity of
the sheet materials and the slip resistance of nailed
joints on the racking resistance of the wall, the
load-slip relationship of nailed joints was provision-
ally assumed to be linear. The simulated results
are shown in Table 3 and Fig. 5.



