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Distribution Characteristics of Bending Properties
for Visual Graded Lumber of Japanese Larch*
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ABSTRACT

In reliability based design(RBD) method, the distribution characteristics of mechanical properties of
material are basic input variable. Therefore, distribution type and parameters of mechanical properties
should be determined accurately.

Until now, the properties were derived from tests with small, clear specimens. However, the test
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conditions should emulate as nearly as possible the way in which the timber would be used in practice
and the test results should, as closely as possible, reflect the structural end use conditions to which the
- timber products would be subjected. In this study, structural timbers (38mm by 140mm, 30m long) were
graded by visual assessment of growth characteristics and defects. And then bending tests were

conducted on 498 structural size timbers.

For each grade, the distribution type and the parameters of mechanical properties were determined
for each grade. For the determination of best-fit distribution type, comparing of square error between
distribution types and KS test were conducted. Best-fit distribution type of bending strength(MOR) is
weibull distribution for all grade. In case of MOE, normal distribution is best-fit.

Keywordis: reliability based design(RBD), bending strength(MOR), MOE, allowable stress, weibull distribution
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Table 1. Results of visual gradmg
Grade No. of Specimens
No. 1 148 ( 29.7%)
No. 2 154 ( 309%)
No. 3 103 ( 20.7%)
Under No3 93 ( 187%)

Total 498 (1000%)

Fig. 1. Setup for four-point bending test.
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Fig. 2. Histogram of bending strength for each
visual grades.
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Table 2. Average, standard deviation and most Table 4. Selected distribution type and param-
value of MOR eters (MOR)
MOR (kg/cm®) No. 1 No. 2 No. 3
Nol Noz RNoj ,TY,‘: ofF " Weibull  Weibull  Weibull
Mean 449 21 378 distribution
Standard Deviation 91 105 131 x % 202 18
Most Value 425 375 35 Parameter a 22 24 22
B 214 249 299
Table 3. Comparison of Square errors(MOR)
Distribution No. 1 No.2 No.3 WA ER 1 1
. _ I _ 2
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Fig. 3. Histogram of MOR for No. 1 grade.
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Fig. 5. Histogram of MOR for No. 3 grade.

Table 5. Comparison of 5 percentile value
(MOR)

5% percentile value (kg/cm?)
No. 2 No. 3
274 190
248 163
279 19

No. 1
314
300
318

Weibull
Prediction
Normal

Experimental result
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Table 6. Comparison of allowable stresses

allowable bending stress

(kg/cm®)
No. 1 No. 2 No. 3
Experimental result 151 133 93
Prediction (Weibull) 150 130 93
KFRI* 136 106 98
KFS* 80 60 35
NDS** 86 61 35

*Research report of Korea Forest Research Institute,
tested with structural timber.
* Announcement of Korea Forest Service, tested with
small clear specimen.
**National Design Specification, tested with small clear
specimen.

Table 7. Average, standard deviation and most
value of MOE for each grade

MOE (x10° kg/cm?)

No.1 No. 2 No.3 Total

Average 131 136 127 132
Standard Deviation 28 32 32 30
Most Value 125 135 125 135
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Fig. 6. Histogram of MOE for each grade.

Table 8. Comparison of square errors{MOE)

Distribution No. 1 No. 2 No. 3
Weibull (x10%) 1096 0297 1058
Normal (x10?) 0668 0197 0744
Lognormal (x107) 0965 0225 8321
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Fig. 7. Histogram of MOE for No. 1 grade.
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Table 9. Comparison of MOEs
MOE (x10° kg/cm?)

No.1 No. .2 No 3 Total
Experimental resuit 131 136 127 132
KFS* 125 110 9
NDS** 120 112 98

* Announcement of Korea Forest Service.
** National Design Specification.
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