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Tensile Strength Parallel to Grain of Chinese Fir Lumber
Graded by Mechanical Stress
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Abstract: Taking Chinese fir lumber as the research object, the dynamic elastic modulus range and the number of

samples of mechanical stress graded lumber (MSGL) with different strength grades were compared, and the

probability distribution and the reliability analysis for tensile strength parallel to grain of MSGL were explored. The

results show that mechanical stress grading of Chinese fir lumber can be carried out based on dynamic elastic modulus.

The number of samples of MSGL located in the main strength grade areas Q,, Q, and Q, exceeds 90.0% , and the

optimal probability distribution for tensile strength for MSGL is the lognormal distribution. The design value of tensile

strength for MSGL is significantly higher than that of ungraded and visual graded lumber.

Key words: Chinese fir lumber; strength grade; mechanical stress graded; tensile strength parallel to grain;

reliability ; design value
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Fig. 1 Statistical results of E'and MSGL of Chinese fir lumbers
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Table 1 Test statistical results of tensile strength parallel to
grain of Chinese fir lumbers

Standard

Z N /MP CV/Y
one J/MPa deviation/MPa /%
All 220 25.59 8.69 34.0
Q, 55 30. 60 7.99 26.1
Q, 106 24.47 6.39 26.1
Q, 43 18.76 4.14 22.1
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Fig. 2 Fitting results of tensile strength parallel to grain of Chinese fir lumbers
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Table 2 Characteristic values and fitting results of tensile strength parallel to grain of Chinese fir lumbers
Zone fi/MPa Method /./MPa Standard deviation/MPa CV/% e e, R
Normal 24.59 8. 11 33.0 0. 206 0.058 0.973
Al (T13) 13.51 Lognormal 25.54 8.87 34.7 0.025 0.012 0.999
2-P-Weibull 24.64 8.06 32.7 0.213 0. 060 0.974
Normal 29.99 8.16 27.2 0.032 0.057 0.983
Q,(T17) 17.88 Lognormal 30.77 8.78 28.5 0.018 0. 046 0.997
2-P-Weibull 29. 85 8.08 27.1 0.041 0.037 0.977
Normal 23.98 6.45 26.9 0.072 0. 066 0. 989
Q4(T14) 14.69 Lognormal 24.59 6.83 27.8 0.022 0.051 0. 994
2-P-Weibull 23.87 6.43 27.0 0.098 0.072 0.984
Normal 18. 39 4.08 22.2 0.047 0. 094 0.984
Q,(T12) 12.11 Lognormal 18.73 4.27 22.8 0. 025 0.065 0.995
2-P-Weibull 18.24 4.12 22.6 0.070 0.108 0.974
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Table 3 Nominal value and CV of statistic parameters

Probability Nominal

Random variable distribution value CV/%
K, Normal 0.720 12.0
K, Normal 1. 000 3.0
K, Normal 1. 000 5.0
K, Normal 1. 000 5.0
L, Normal 1. 060 7.0
Ly Gumbel 0. 644 23.3
L, Gumbel 0.524 28.8
Ly Gumbel 1.000 19.0
L Gumbel 1. 040 22.0
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Fig. 3 Relation between £ and yy of ungraded Chinese fir lumbers
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Table 4 7y of lumber under different load combinations
I()
Zone Load combination

0 0.2 0.3 0.5 1.0 1.5 2.0 3.0 4.0
L,+Lg 1.78 1.73 1.72 1.64 1. 50 1.44 1.40 1.36 1.34
L,+L, 1.78 1.70 1.67 1.58 1.41 1.33 1.29 1.24 1.22

Al (T13)
L,+Ly 1.78 1.87 1.89 1.85 1.82 1.81 1.81 1.82 1.83
L,+Lg 1.78 1.87 1.88 1.89 1.89 1.90 1.92 1.95 1.96
L,+Ly 1.60 1.56 1.54 1.48 1. 36 1. 30 1.28 1.25 1.23
L,+L, 1. 60 1.53 1.50 1.42 1.27 1.21 1.18 1.14 1.13

Q, (T17)
Ly+Ly 1. 60 1.68 1.70 1.67 1.64 1.65 1.65 1.67 1.68
L,+Lg 1.60 1. 66 1.69 1.70 1.71 1.73 1.76 1.79 1.81
L,+Ly 1.61 1.56 1.55 1.49 1.37 1.31 1.29 1.26 1.25
. (T14) L,+L, 1.61 1.54 1.51 1.42 1.28 1.22 1.19 1.15 1.14

Q, (T

' L,+Ly 1.61 1.69 1.71 1.68 1.65 1.66 1.66 1.68 1.69
L, +Lg 1.61 1.67 1.70 1.71 1.72 1.74 1.77 1. 80 1.83
Ly+Ly 1.50 1.46 1.44 1.38 1.28 1.23 1.21 1.20 1.19
L,+L, 1. 50 1.43 1.40 1.33 1.20 1.15 1.12 1.10 1.09

Q,(T12)
Ly+Ly 1.50 1.57 1.59 1.56 1.55 1.56 1.57 1.59 1. 60
L,+Lg 1.50 1.55 1.58 1. 60 1.62 1.65 1.68 1.72 1.74
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Table 5 Design value of f; of Chinese fir lumbers under
different grading methods

Grading Strength  F,/ Grading Strength  F,/
method grade MPa method grade  MPa
T17  9.90 Ic 8.45

Mechanical Visual
T4  8.07 i Ilc 7.80

stress grading
T12  7.09 Ilc 6. 50
Ungrade T13 6.76| Clear wood® TCI1-B 7.00
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