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Practical Application of I-beams with Wooden Materials

Made in Hokkaido (1)
- Evaluation of the Bending Properties (Bending Stiffness) -

Y oshinori OHASHI Tsukasa SATO Masahiko TODA
Noriaki MAEDA Takashi TAGUCHI Naoyuki FURUTA

We have developed |-beams with wooden materials made in Hokkaido, in order to stably supply
various structural materials for wood frame construction. In this study, domestic I-beams were
fabricated and bending tests were carried out to evaluate compatibility by calculating the deflection.
The following results were obtained.

1) The calculated values of the bending stiffness and the deflection at mid-span agreed well with
their measured values; therefore the bending and shear component in the deflection could be
calculated with high accuracy.

2) The USDA' s approximate formula is the most suitable for calculating the shear component
because the values are available with sufficient accuracy and safety.

3) In the practical condition (uniformly distributed load), some types of |-beams were stiffer than
dimension lumber and imported I-beams.

4) The ratios of the shear component to the deflection at mid-span of the I-beam were larger than
those of the lumber and imported |-beams.
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Fig. 1. Type and cross-section drawing of the

specimens.
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Table 1. Properties of the lumber for the flange.
S5 ARW MC E,
Type (mm) (%) (103N/mm?)
n av. av. av. n av. sd.
204W 18 0.354 42 124 40 9.92 067
203 18 0342 54 125 80 9.09 0.88
204 18 0361 50 99 80 9.87 0.76

n SG ARW MC
Ey
Legend n: Number of specimens; SG: Specific gravity at air dry;
ARW: Annual ring width; MC: Moisture content; E;: Modulus of
elasticity measured by tapping method.
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Fig. 2. Method of the bending test.
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Fig. 3. Cross-section drawing for the calculation of

the shear component.
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Table 2. Measured and calculated values of the bending stiffness.
Type B H L E, E, Elg El, El, EI/EI
(mm)  (mm) (mm) (10°N/mm?) (10°N mm?) cal-flexp  callexp
235-44 av. 44.01 23476 3185 9.93 4.89 305 336 377 0.82 0.90
sd. 006 011 0.73 22 22 38 0.12 0.13
235-64 av. 64.02 234.84 3640 9.10 4.89 415 446 435 0.96 1.03
sd. 003  0.09 1.01 46 46 34 0.12 0.12
235-89 av. 89.04 23513 4550 9.85 4.89 635 666 689 0.92 0.97
sd. 0.04 0.06 0.86 55 55 49 0.08 0.08
286-44 av. 44.02 285.68 3640 9.91 4.89 479 543 601 0.80 0.91
sd. 005 0.0 0.66 32 32 75 0.07 0.09
286-64 av. 64.00 28591 4550 9.08 4.89 652 718 718 0.91 1.00
sd. 003 0.10 0.81 58 58 33 0.08 0.08
286-89 av. 89.04 286.05 4550 9.89 4.89 1003 1068 1083  0.93 0.99
sd. 005 008 0.72 72 72 84 0.07 0.07
B H L E; Ey
Elgq Eley Elep av.
s.d.

Legend B: Breadth of the beam; H: Height of the beam; L: Test span; E;: Modulus of elasticity of the flange;
E,: Modulus of elasticity of the web; El., ¢ Calculated bending stiffness with disregard to the web; E74: Calculated
bending stiffness; Eley: Measured bending stiffness; av.: Average; s.d.: Standard deviation.
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3
Table 3. Measured and cal culated values of the deflection at mid-span.
Type L Pdi 3 ep Ob Os@ O s Osc) Oca@ Ocal O cal) O expd ca
(mm) (N) (mm) (mm) (mm) (mm) exp/cal(a) exp/cal(b) exp/cal(c)
23544 av. 318 3261 5.0 45 0.8 10 12 53 55 5.7 0.94 0.91 0.88
s.d. 0.3 0.3 0.3 0.3 0.3 0.09 0.08 0.08
23564 av. 3640 3726 7.1 58 1.0 12 15 6.9 7.0 7.3 1.04 1.01 0.96
s.d. 0.3 0.6 0.6 0.6 0.6 0.06 0.06 0.05
235-89 av. 4550 4658 11.2 9.5 1.6 18 24 11.1 11.3 11.9 1.01 0.99 0.94
s.d. 0.6 0.8 0.8 0.8 0.8 0.04 0.04 0.03
286-44 av. 3640 3726 56 4.8 0.9 11 12 5.6 59 59 1.00 0.95 0.95
s.d. 0.4 0.3 0.3 0.3 0.3 0.03 0.03 0.03
286-64 av. 4550 4658 10.3 8.8 13 1.6 1.8 10.2 10.5 10.6 1.02 0.99 0.97
s.d. 0.5 0.7 0.7 0.7 0.7 0.05 0.05 0.05
286-89 av. 4550 4658 7.7 59 13 16 18 7.2 75 7.7 1.06 1.03 1.00
s.d. 0.4 04 04 04 04 0.02 0.02 0.01
L 2 Py 1 3 exp 5, 2
3 5@ (© 6 8 3 cal

Legend) L: See Table 2; Py: Design load applied on a beam in this test condition; & .,: Measured deflection at mid-span; 8 ,: Bending
component at mid-span calculated by formula (2); 3 4 (¢ Shear component at mid-span calculated by formula (6) (8); & 4 Calculated
deflection at mid-span.
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Table 4. Span limit by the deflection in the practical condition (uniformly distributed |oad).
Type B H W, El 4 Gl Lin daw 9 uda
(mm) (mm) (N/m) (10°N mm?) (10°N) (mm) (mm)

235-44 44 235 22.0 336 1113 3708 9.3 0.17

235-64 64 235 272 446 1113 4041 10.1 0.19

235-89 89 235 349 666 1113 4558 11.4 0.22

Domestic |-beams 286-44 44 286 24.9 543 1470 4379 10.9 0.16

286-64 64 286  30.0 718 1470 4768 11.9 0.17

286-89 89 286 375 1068 1470 5380 13.5 0.19

210 38 235 39.3 395 3572 4061 10.2 0.06

Dimension Lumber 212 38 286 47.8 711 4347 4928 123 0.06

235-44 44 235 30.5 434 2315 4156 10.4 0.09

Imported I-beams  286-44 44 286 35.4 704 2818 4881 12.2 0.09

B H Elgy 2 Wa GAcy Lijm S caw

3 s
GAca K K

Legend B, H, El.,: See Table 2, Wg: Weight of the beam; GAy: Calculated shear stiffness; L;;,: Span limit by the
deflection; & 4, Calculated total deflection at mid-span; & y): Shear component of total deflection at mid-span.
Note) Correction coefficient of shear stiffness (k ) isincluded in G4, of the lumber, but it is not clear that k might
be included in G4, of the imported |-beam.
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