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Effects of Basic Wood Properties on Strength and Stiffness in Bending of
Cryptomeria japonica Timbers

Yoshio KIJIDANI* and Ryushi KITAHARA *

The effect of basic wood properties on strength and stiffness of timber as a full-size member is very different
from that of small clear specimen. Recently a number of mechanical tests with timbers have been done. However the
aims of those investigations are to get the mechanical data of timbers. Therefore which basic wood property is most
effective parameter for the mechanical properties of timbers remains unclear. Especially the effects of anatomical
properties of Cryptomeria japonica (sugi) timbers have not been studied. In this study, the effect of basic wood prop-
erties on strength and stiffness in bending of the timbers (1 : 400cm, b : 12cm, h : 21, 24 or 27cm) from sugi trees
grown at three different sites in miyazaki district was investigated. Air-dry specific gravity, maximum knot ratio, juve-
nile wood ratio and ring width in juvenile and mature wood had slight effect or no effect on the mechanical properties
of timbers. On the other hand, latewood tracheid length and Sy microfibril angle strongly affected the mechanical

properties of timbers.
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Table 1. Strength, stiffness and basic wood properties of timbers and logs.

Districts MOR MOEa MOEt DMOE TM r K(%) PX%) Wi WM TL MFA(L) MFA(E)
(MPa) (GPa) (mm) (mm) (degree)
Hitotsuse
Mean 274 5.78 6.97 6.08 0.51 0.39 199 542 15 5.0 3.01 17.2 215
Max 36.9 7.94 1031 7.87 0.65 046 333 704 9.4 72 3.41 22.7 24.7
Min 14.4 4.05 4.78 4.56 0.42 0.33 9.3 19.1 3.9 34 2.84 13.6 17.0
SD 6.1 0.86 1.33 1.11 0.04 0.03 57 13.1 1.1 1.0 0.15 2.6 24
n 51 51 51 51 51 51 51 51 51 51 12 12 12
Omaru
Mean 283 5.66 6.62 5.58 0.56 0.35 11.9 563 7.4 4.7 2.61 177 235
Max 393 7.66 9.67 7.09 0.69 0.39 293 735 88 6.4 3.03 218 28.6
Min 20.0 433 5.25 438 047 031 4.2 4.1 1.8 35 2.18 152 173
SD 5.0 1.06 0.83 0.63 0.05 0.003 5.8 11.0 1.1 0.8 0.26 23 37
n 48 48 48 48 48 48 48 48 48 48 9 9 9
Kitago
Mean 24.9 5.37 6.32 537 0.51 0.37 19.5 550 75 43 248 203 25.6
Max 34.1 6.50 843 6.55 0.59 042 333 676 9.3 73 3.05 234 29.3
Min 17.8 421 4.69 4.29 0.45 0.33 0 41.6 6.1 3.0 2.16 13.3 19.7
sD 3.6 0.81 1.10 0.72 0.03 0.02 5.9 6.5 0.7 0.8 0.27 3.2 29
n 49 49 49 49 49 49 49 49 49 49 9 9 9
Overall
Mean 27.0 5.52 6.68 5.73 0.52 0.37 17.1 55.1 7.4 47 2.73 183 233
Max 393 7.94 1031 7.87 0.69 0.46 333 73.5 94 73 341 234 293
Min 14.4 4.05 4.69 4.29 042 031 0.0 4.1 1.8 3.0 2.16 133 17.0
SD 4.4 0.76 1.00 0.71 0.05 0.03 6.9 10.0 1.0 0.9 0.32 29 34
n 148 148 148 148 148 148 148 148 148 148 30 30 30
MOR:Modulus of rupture, MOEa : Apparent modulus of elasticity, p c
MOE:t : True modulus of elasticity, DMOE:Dynamic modulus of elasticity of logs,
TM:Tetmajer's modulus, TM was caluculated by the method shown in right figure,
r:Specific gravity of air-dried wood, y
K:Ratio of maximum size of knots, PJ:Percentage of juvenile wood, E TMeA'S
WI:Ring width of juvenile wood, WM:Ring width of mature wood, :y::.;,‘:gﬂgum
TL: Latewood tracheid length, MFA(L):Microfibril angle of S, layer of latewood tracheid, $: Areaof OPCD
MFA(E):Microfibril angle of S, layer of earlywood tracheid, SD : Standard deviation. D:Deflection at masimufn load

Notes: all properties except DMOE are those of timbers.
TL and MFA are mean value of the rings(ring numbers 6,12,18,24)
in selected thirty timbers according to MOEa.
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Fig. 1. Relationship between dynamic moduli of
elasticity of logs and apparent moduli of elasticity
of timbers.
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Table [I. Coefficient of correlation between mechanical
properties and basic wood properties of timbers.

MOR MOEa ™
T 0.08(0.01) L 0.26(0.07) -0.23(0.05)
K -0.09(0.01) 0.00(0.00) -0.31(0.10)
PJ 0.03(0.00) 0.02(0.00) 0.18(0.03)
Wi -0.11(0.01)  -0.19(0.03) 0.05(0.00)

WM 0.01(0.00) I -0.23(0.05) ! -0.01(0.00)

Note:MOR,MOEa,TM,r, K, PJ, WJ,WM are the same as Table 1.
Coefficient of correlation were obtained in all tested
timbers(148samples).

Frame lines mean significant at 1% level.

Squares of coefficient of correlations are also shown
in parentheses.
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Table . Coefficient of correlation between mechanical
properties and anatomical wood properties of selected

thirty timbers.
MOR MOEa ™

' 0.00(0.00) 0.27(0.07) -0.30(0.09)
K -0.11(0.01) 0.28(0.08) -0.39(0.15)
PJ -0.22(0.05) 0.08(0.01) 0.11(0.01)
wJ -0.28(0.08) 0.10(0.01) -0.05(0.00)
WM -0.18(0.03) -0.38(0.15) 0.31(0.10)
TL 0.25(0.06) 0.72(0.52) -0.27(0.07)
MFA(L) -0.35(0.13) -0.61(0.38) -0.02(0.00)
MFA(E) | -0490.24) -0.81(0.66) 0.16(0.02)

Notes: MOR, MOEa, r, K, JP, RW({J) , RW(M), TL,
MFA(L).MFA(E) are the same as Table I.
Coefficient of correlation were obtained in selected thirty timbers according
to MOEa. Frame lines means significant at 1% level.
Squares of coefficient of correlations are also shown in parentheses.
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