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Table 1. Summary of the results of computation for the strength of wooden beam

Tension Compression

:é’: Test Patx;)allel Patr(?nel Per?ggigular to Diagorzl:%lo grain ’Shear
& grain | gram | Redil | Tangent g | Teg Radial [Tanger

Number of specimens 10 6 7 é 6 5 10 10
2 | Width of anual ring(mm)| 1.0 1.0  0.84 0.9 149 1.00 099 0.9
‘E Specific gravity 0.4080 0.391 0.3 0.225 0.407 0.391 0.403 0.398
2 |"Motsture content(%) 1313 13.83 141 14.14  14.08  13.69 13.64 13.65
g Strength (kg /cm?) 90.9 2071 454 49.4 117.8 80.4 705 86.9
% Stress at P. L.(kg/cm?) 7207, 247.20 3. 0.3 8.4  43.3
% | Strain at P. L.(%) 0.4 1251 151  1.04 0840 0.9
5 | Work at P. L. 158.5 1504 27.3 214 367  19.9 a
o | Specific strength(kg/cm?) | 2257 7867 114 1271 289.4 2054 1749 2185
2 Modulus of elasiticity‘_"17.6><10417.5><1O42.49><1035.56x10312.9><1034.91 %108
= Max. strain (%) 0.564
g Number of specimens 8 12 11 11 12 11
5
& | Specific gravity 0.502f 0.502  0.503 0.502 0.489 0.494
% Moisture content (%) 13.5  13.8 14.3 14.6 15.00  15.1
& | Strength (kg/cme) 190 414.2 49.9 90.9  100.2
=}
5 | Stress at P. L.(g/em?) 244.4 28.8 4.1
& | Strain at P. L. 0.482,  0.8%0 0.509
§ | Work at P. L. 83.4 9.2 21.0
& | Specific strength(kg/cm?) | 2371 825 % 18y 203
% | Modulus of elasticity | 1.6x1057.31x 104 2.79100 5.15x 102

Note ; *1, *#2, *3, *4, *5, and *4 show as the following diagrams :

P. L. ; Propotional limit

AU



Table 2. Strength properties of wooden beams and comparison of

measured and computed bending strength

Span to depth ratio Number g:l?:ﬁftl; i E/f;igg{e gg%fg?ff ?ﬁg;istiﬁgal S?if pifl;zss Bendinjgrs(;rge?cgr;c]tzl) Ratio
Species 1/h o Spgfc .| @ir dried @) | 0 ey 11?1;; Jeme) | L0 (kg/cm?) g;tig:mg% comp-| 5, Type of failure
av. | dev. men av. | dev. | av. | dev. | av. | dev. av. | dev. av. | dev. | av. | dev. gfnér' ob
2.19| 0.10 0.456 6 |0.383 0.022) 11.17) 0.5¢ 0.125 0.02] 97.2| 18.9| 76.3] 8.2/ 340.1 44.9 353.0, 1.04| Shear and Tension
g ;é\ 4.21) 0.21] 0.237 7 10.4201 0.021) 11.90] 0.95 0.882| 0.11 97.2] 15.9] 62.8 7.5 531.0, 43.8/ 501.4 0.94| Shear and Tension
E g' 6.21 0.38] 0.161 7 10.381 0.008 11.90| 0.95/ 4.01 | 0.70| 346.4f 6.1| 58.9) 5.1 710.5| 42.9| 587.4] 0.83| Shear and Tension
5
§ 2 7.83 0.10; 0.128 7 10.412) 0.017| 12.95| 0.25 4.93 | 0.10| 315.4| 19.4] 43.9| 1.4] 683.9| 21.3| 625.¢4 0.91] Tension
.
é g’ 10.67| 0.97| 0.094 7 10.398 0.001| 13.53 0.19 6.83 | 0.15 447.3] 13.8| 32.7| 3.5 676.9| 29.4| 626.1] 0.92| Tension
% § 14.20, 0.23 0.070 7 10.398 0.067| 13.97\ 0.37|7.09{ 0.8 —| —| 21.1 3.1 é03.1| 88.9 446.8 1.11| Tension
20.51] 0.77) 0.049 6 | 0.426/ 0.020 13.82| 0.20{ 6.94 | 0.07} —| —| 16.1| 1.2 676.9) 43.4) ¢78.7| 1.00| Tension
2.04) 0.04] 0.490 5 10.419) 0.022| 13.67) 0.64) 0.057| 0.01| 15.7} 1.9] 84.2| 3.4 114.7| 4.8/ 408.0] 1.78| Shear
’5 4.10, 0.10, 0.244 5 | 0.424)0.037| 13.58 0.44/ 1.85 | 0.33 326.0] 28.1 69.8 6.7| 582.9| 42.0| 619.¢4] 1.04| Shear and Tension
, i 6.05/ 0.34 0.165 5 |10.472/ 0.044 12.94| 0.70) 4.69 | 0.58 279.9| 21.8| 52.8| 6.4] 628.8) 72.8 739.7| 1.15| Shear and Tension
g 8
E Eé 8.000 0 | 0.129 5 |0.4841 0.011] 12.74) 0.53[ 7.29 | 0.42] 388.4| 14.0] 45.9] 1.4 736.0| 25.9| 776.0] 1.05| Shear and Tension
bl el
z i 10.00; 0.08 0.100 5 10.508 0.088 13.23] 0.34] 8.48 | 1.14 441.0, 42.1] 38.1) 5.4] 763.4 98.5/ 815.5 1.07| Tension
% 14.00, 0.08 0.072 5 | 0.470/ 0.008 15.43 1.0311.40 | 0.8 512.8| 40.0] 29.0] 0.8 810.5 18.2 815.5 1.01] Tension
19.94  0.10, 0.050 8 | 0.504 0.008| 13.500 1.37/12.25 | 0.64 561.1 44.7| 19.4 0.8/ 781.0] 23.4| 815.5 1.04] Tension
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Table 3. Relationship between shear-bending
strength ratio and cause of failure in
case of different span to depth ratio

Span Ratio

to
depth Tb/T | Cause of failure
ratio |Th/T 0b/Ot [Gbj0s
{/h
2.19 108.2] 36.9| 2.93|Shear and Tension
4.21 89.8 46.7| 1.92|Shear and Tension
4 Shear and
6.21| 83.5 77.1 1.08 Tension
7.83 62.3] 74.3 0.83Tension
10.67| 46.41 73.5 0.52|Tension
14.201 29.9] 65.5 0.45Tension

20.51| 22.8 73.5 0.31|Tension

Ratio |Ratio

Species

HINOKI -i. e. Japanese Cypress

(Shorea negrosensis Foxw.) |(Chamaecyparis obtusa Endle)

2.04 92.4 9.4 9.44|Shear

4.10| 76.8 49.0| 1.5¢Shear and Tension
6.05 5.1 £3.4 1.09Shearang o
8.00] 50.5 41.9] 0.82/Shear and Tension
10.00{ 41.9] 64.2| 0.45Tension

14.00] 31.9] 68.1| 0.44|Tension

19.94) 21.6] 65.4] 0.32|Tension
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Fig. 5. Relationship between span to depth ratio
and elastic modulus in bending of wood.
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Summary

This paper deals with the characteristics of bending strength i. e. the modulus of bending
rupture, stress value at propotional limit, shearing stress and the modulus of elasticity in
bending, when the span-to-depth ratio of wooden beam is varied from 2 to 20. In case of
a simply supported beam that carries a concentrated load P at midspan, as Figure 1 indicates,
the results of the experiments are shown in Figure 2 through 5.

On the basis of the results, it can be concluded as follows

(1) Figure 2 illustrates the similar tendency to the modulus of bending rupture between
HINOKI and RED LAUAN, except that the span-to-depth ratio of 6 of HINOKI beam makes
a maximum, that while that of RED LAUAN does not show the maximum. It demonstrates,
furthermore, such a phenomenon of the modulus of bending rupture is affected by the
compressive strength perpendicular to grain, and by species, etc.

(2) In Fig. 3, it can be seen that the stress at proportional limit of bending increases as
the span-to-depth ratio of beam increases, and a single curve is drawn through all of the
points to emphasize the similar behavior of HINOKI and RED LAUAN beams tested. The
author can infer that the span-to-depth ratio is dependent on the normal distribution of
internal stress in beam.

(8) The shearing strength is affected by the span-to-depth ratio of the wooden beam.
As the span-to-depth ratio is increased, it is observed generally that the shearing strength
decreased.

(4) Table 2 illustrates the strength properties of HINOKI and RED LAUAN beams and
comparison on an average (av.) and deviation (dev.) of the measured and calculated bending
strength. The measured bending strength of beam specimens agrees resonably well with
those computed, as a whole, falling in the range from 0.83 to 1.11. And Table 3 shows the
distribution of the shearing stress to the modulus of bending rupture.
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Bending strength
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|
|
|
5
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Fig. 6. Relationship between bending strength and
Spanto depth of wooden beam.



