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Effects of Grain Angle and Moisture Content on the
Compressive Strength of Wood

Chih-Lung Cho

Professor, Department of Forestry , National I-Lan Institute of
Technology

Abstract

The purpose of this study was to investigate the effects of grain angle and moisture content on the
compressive strength of four wood species(Douglas-fir, western red cedar, Alaska cypress and spruce),which were
frequently utilized for building construction in Taiwan . Clear specimens were cut from commercially dried 2- by
4-inch saw lumber. Results indicated that the compressive strength of four wood species were significantly
affected by their grain angle(ranged from 0°-90°). Their relationship could be represented by Hankinson's formula,
and the average value of n for this formula was 2.64. By the way, from the statistic concept of lower limit, the
compressive strength ratios at various grain angle were calculated. In accordance with this result, the compressive
allowable stress will be induced more accurately. Below 25% moisture content, the compressive strength increase
significantly with decreasing moisture content. The average rate( a ) of changes in compressive strengths parallel-
to-grain due to 1% moisture content changes on the basis of ¢ ;5 for the four species was 6%. But the rate «
indicated differences between wood species. The value of « were larger for Douglas-fir and spruce, smaller for
western red cedar and Alaska cypress.
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1 kgffcm
Table 1 Compressive strength kgf/cm2 of four wood species at different grain angle and moisture
content

(kgf/cn?) Hankinson

(%) (%) 0° 5 30° 4 e 7B o n R
0 0 700 531 304 171 69 65 44 291 0.979
10 11.2 455 358 228 141 60 58 38 2.88 0.972
20 175 301 250 152 m 33 a4 30 284 0.972

30 28.8 206 151 111 80 35 23 24 254 0.950
40 391 235 170 110 73 32 31 2 255 0.970
0 0 520 379 250 111 73 40 32 292 0.963
10 11.3 363 275 166 95 51 A 36 253 0.992
20 171 250 203 128 65 39 26 21 292 0.985
30 311 160 127 75 58 31 20 16 2.70 0.968

40 40.9 183 133 72 43 30 2 17 242 0.994

0 0 610 538 277 138 91 82 71 2.60 0.997

10 114 391 354 209 126 71 72 56 2.62 0.998

20 17.9 302 245 171 88 51 43 41 253 0.991

8

284 194 146 93 65 39 34 32 210  0.996

40 374 211 185 102 61 44 32 38 220 0.989

0 0 747 563 174 110 108 73 46 2.62 0.988
10 115 395 391 159 77 65 37 292 0.979

20 188 311 277 119 48 33 25 2.87 0.995

8

80
63

271 233 187 79 0 39 32 2 257 0.992
43

40 36.2 230 217 91 A 2 16 313  0.99%4
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2 Hankinsan
Table 2 The n values of Hankinson’ s formula.

(%0) n
0 2.72
10 2.74
20 2.74
30 243
40 2,57
2.64

3
Table 3 Compressive strength ratios corresponding to various grain angles.

% 5 % Loaw
0 1 0 0 1 1
15 0.80 0.11 13.67 0.62 0.54
30 0.45 0.08 17.19 0.32 0.26
45 0.27 0.07 24.78 0.15 0.11
60 0.16 0.03 17.31 0.11 0.09
75 0.12 0.03 22.17 0.071 0.050
0 0.10 0.03 32.26 0.051 0.030
1. 5 % 1. &45
21 % 2.8 3
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4 c d

Table 4 Constants ¢ and d in linear regression equations, and the induced a value and fsp.

a

(0) c d o (%) (%)
Species Grain angle(o) fsp(%6)
0 2.985 -0.0966 6.3 20.55
15 3.128 -0.0939 55 22.66
30 2.821 -0.0773 4.7 23.56
45 2.370 -0.0461 2.8 29.72
60 2.229 -0.0523 3.6 23.49
75 2.159 -0.0374 2.3 30.98
0 2.069 -0.0358 2.3 29.87
0 2.869 -0.0854 5.4 21.88
15 2.866 -0.0764 4.4 24.43
30 3.446 -0.0999 5.1 24.48
45 2.672 -0.0596 34 28.05
60 2.452 -0.0670 4.6 21.68
75 1.824 -0.0358 2.8 23.03
0 1.979 -0.0277 1.8 35.34
0 2.860 -0.0825 5.1 2254
15 2.739 -0.0831 5.6 20.93
30 2.720 -0.0581 3.1 29.60
45 2.348 -0.0428 25 31.50
60 2.097 -0.0502 3.7 21.84
75 2.680 -0.0643 3.7 26.13
0 1.899 -0.0432 3.4 20.82
0 3.151 -0.1036 7.3 20.77
15 2.602 -0.0701 45 22.86
30 1.968 -0.0309 21 31.33
45 2.523 -0.0576 35 26.44
60 3.180 -0.0913 5.0 23.87
75 3.401 -0.0954 4.8 25.16
0 2.900 -0.0661 3.5 28.74
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