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Table 1. Physical and mechanical properties of each testing condition
Growp  Specics g:c‘:i ‘j[:‘t“c‘i’l “}{:}’: Density Ab;‘:f“:’;\d“ MC S';V)['C"f C",\\/;'L.“f MOE  MOR Py Sput e Dtg::g“\"" A:;‘Z;":r‘;“ E, E,
(kegf/ m) (kgf/ w) (%) (%) (Yo (GPay {MPa) (kN {mm) (mm) (kN> mm) {GPa) {GPa)
HHD Japanese  High temperature 10 568.4 481.8 18.0 38 20.8 10.5 435 57.6 109.5 1794 4532 0.7 7 10.8
cypress drying 29.5 283 2.0 1.6 8.8 1.6 6.8 89 359 78.5 1069 O.1 14 1.3
1180 Japanesc Natural drying for 10 5442 436.6 19.2 0.9 48 103 382 50.8 61.5 95.4 2596 0.4 15 9.6
cypress 180 days 33.1 253 3.8 0.6 32 1.2 5.6 74 16.0 509 1216 0.2 12 1.0
H30 Japanese Natural drying for 10 562.0 459.1 225 0.9 4.0 10.1 41.6 55.1 81.7 105.7 3362 0.5 117 9.6
cypress 30 days 182 20.8 28 0.8 33 L1 735 9.6 27.7 50.9 1678 0.2 0.9 0.8
SHD Japanese  High temperature 10 540.3 445.4 215 7.1 337 8.0 354 47.0 104.0 2313 3691 0.7 8.6 7.1
cedar drying 59.0 510 35 33 14.0 05 kR 4.2 24.0 79.2 869 0.1 0.6 0.7
$180 Japanese Natural drying for 1 561.8 4402 275 4.3 157 74 35.2 46.8 118.2 184.1 3505 0.6 7.9 6.2
e cedar 180 days 70.8 522 2.6 1.7 6.0 1.0 39 51 30.5 70.8 771 0.1 0.9 0.6
$30 Japanese Natural drying for 10 603.7 482.4 26.6 3.6 139 79 373 49.5 96.2 154.8 3634 0.6 82 6.5
o cedar 30 days 72.1 48.1 32 1.9 19 1.6 5.6 7.4 25.0 58.1 1047 0.1 1.6 1.5
BHD Douglas  High temperature 10 5079 4442 14.3 1.1 7.9 12.6 348 46.7 303 71.8 1972 0.3 4.5 126
fir drying 48.1 421 0.9 0.5 33 2.1 9.8 132 17.3 39.2 1565 0.2 28 25

Note: Upper case numbers indicate average values and lower case numbers indicate standard deviations.
Legend: Absolute dry density: Density corrected by moisture content (MC=0%)

MC: Moisture content

$.D. of MC: Standard deviation of values of e content for each specimen

C.V. of MC: Coefficient of variation of measurements values of moisture content for each specimen
Py Ultimate load

Spu: Deflection at uitimate load

8gp: Deflection at breaking point

Deflection energy: Deflection energy before 120mm deflection

Absorptivity of energy = Detlection energy before 120mm deflection / (Py, x 120mm)
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Table 2. Results of statistical analysis

Analysis of

Property Comparative item Homogeneity : Multiple comparison
varianece
MC Species 1% - HHD-BHD (1%), SHD-BHD (1%)
Drying | Japanese cypress NS 1% HHD-H30 (1%)
process Japanese cedar 3% - SHD-S180 (5%)
C.V.of MC Species 5% HHD-SHD (5%), HHD-BHD (1%), SHD-BHD (1%)
Drying | Japanese cypress 1% - HHD-H180 (1%), HHD-H30 (1%)
process Japanese cedar NS 1% SHD-S180 (5%), SHD-830 (1%)
MOE Species 5% - HHD-SHD (1%), SHD-BHD (1%)
Drying | Japanese cypress NS NS
process Japanese cedar 5% -
MOR Species 1% - HHD-SHD (5%)
Drying | Japanese cypress NS NS
process Japanese cedar NS NS
Spute Species 5% HHD-BHD (1%), SHD-BHD (1%)
Drying | Japanese cypress 5% - HHD-H180 (1%)
process Japanese cedar NS NS
Spp Species NS 1% HHD-BHD (1%), SHD-BHD (1%)
Drying  lapanese cypress NS 1% HHD-H180 (5%), HHD-H30 (5%)
process Japanese cedar NS NS
Deflection Species NS 1% HHD-BHD (1%), SHD-BHD (1%)
energy Drying | Japanese cypress NS 5% HHD-H180 (1%)
process Japanese cedar NS NS
Absorptivity of Species NS 1% HHD-BHD (1%), SHD-BHD (1%)
energy Drying | Japanese cypress 5% - HHD-H180 (1%)
process Japanese cedar NS NS

Note: 1% and 5% mean the differences between the two are at P<0.01 and P<0.05 level of significance, respectively. NS means the

difference of them is not statistically significant.
Legend: MC: Moisture content

C.V. of MC: Coefficient of variation of measurements values of moisture content for each specimen

8y Deflection at ultimate load

S p 1 Deflection at breaking point

Deflection energy: Deflection energy before 120mm deflection
Absorptivity of energy =

Deflection energy before 120mm deflection / (P, x

x 120mm)
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Fig. 2. Relationships between load and deflection in the bending tests
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Bending Properties of Commercial Lumber of
Japanese cedar and Japanese cypress
Planted in Aichi Prefecture

Mariko Yamasaxi, Takanori SusimMoTo, Yasutoshi Sasaki,
Katsumi SAKAKIBARA, Katsuhiro YamamoTo, Naofumi KaMOSHITA

It is increasingly necessary to promote the use of wood, especially
domestic wood with the increase in forests ready for harvest, and
the interest to use of wood because of global warming
countermeasures. It is also required to give the guarantee of
strength performance in lumber for structural use. In this report,
bending properties of commercial lumber of Japanese cedar and
Japanese cypress planted in Aichi prefecture were examined by
full-size bending test. The results obtained were as follows:

1. According to the segment by machine stress-rating using

MOE, in the case of Japanese cypress, about 40% specimens

were classified in E90 and the same amount was classified in

E110. On the other hand, about 60% and 40% specimens were

classified in E70 and E90, respectively, in the case of Japanese

cedar.

2. MOR of Japanese cypress was larger than those of Japanese

cedar and Douglas-fir.

3. MOR was correlative to MOE in the cases of Japanese

cypress and Japanese cedar, whereas MOR of Douglas-fir was

small for its MOE.

4. Because the strength of Douglas-fir varied widely, it was

lacking in stability of quality.

5. Young’s modulus obtained by stress wave velocity was

agreeable to MOE obtained by bending test.

Keywords: local lumber, full-size bending test, modulus of
elasticity, modulus of rupture, machine stress-rating
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Appendix. Physical and mechanical properties of all specimens

Specimen's Species Drying Group  Density Abso]ul'e Moisture content MOE MOR Py Spute Sap Deflection Abforptwny E, E/
No. process © dry density of energy
(kgf/m’)  (kef/m®) (%) (GPa)  (MPa) Ny (mm) (mm) (GPa) (GPa)
Average  S.D. C.V.
HHD-1 598.0 517.6 15.5 13 8.1 9.7 351 46.8 575 89.3 0.51 13.1 114
HHD-2 561.2 489.0 14.8 32 214 12.3 472 624 848 94.3 0.50 13.6 1.9
HHD-3 519.5 432.1 20.2 2.1 10.1 8.7 311 413 655 217.8 0.65 10.5 8.7
HHD-4 High 596.5 512.7 164 53 338 9.6 38.0 503 86.0 294.3 0.72 13.3 114
HHD-5  Japanese len]pe;ﬁlure HHD 602.4 496.5 213 52 24.1 8.6 455 60.7 1513 3083 0.65 110 9.1
HHD-6 cypress - 549.6 460.8 193 52 27.0 134 50.3 66.5 153.3 179.0 0.74 14.6 R2
HHD-7 drying 561.2 4732 186 39 212 107 476 623 1163 116.8 0.67 132 1.1
HHD-8 598.4 507.8 17.8 5.8 324 10.8 503 66.5 152.3 1525 0.68 13.6 .S
HHD-9 333.6 450.1 18.5 25 13.6 9.1 40.8 53.9 123.8 2163 0.70 11.0 9.2
HHD-10 563.9 478.1 17.9 3.0 16.7 1.9 49.2 64.9 104.0 125.8 0.72 13.6 15
HI180-1 564.8 479.0 17.9 0.6 34 10.2 394 525 63.0 63.0 0.29 120 10.2
HI80-2 556.4 4522 23.0 0.5 21 9.2 26.6 355 40.3 95.3 0.36 109 8.8
H180-3 5742 458.8 25.1 0.9 3.6 10.9 39.7 530 510 2243 0.70 13.6 109
H180-4 Natural 547.5 456.9 19.8 2.3 1.5 9.5 414 35.2 74.5 74.8 0.36 103 8.6
H180-5  Japanese drying for  HI180 524.4 441.3 18.8 0.6 29 9.9 43.8 60.5 94.5 1283 0.66 10.6 9.0
HI180-6  cypress lé() days 5322 462.4 15.1 0.9 6.1 10.7 40.2 53.6 58.5 106.3 0.55 1.2 9.8
H180-7 o 494.4 4314 14.6 0.3 24 10.1 38.6 515 64.5 67.3 0.33 105 9.1
H180-8 501.8 432.8 159 14 8.9 9.2 36.4 48.6 72.0 72.3 0.36 10.6 92
H180-9 5426 436.4 243 0.6 24 9.9 30.7 41.0 49.0 74.3 0.38 s 3
H180-10 603.8 5145 174 0.8 4.7 13.5 42.6 56.7 47.8 48.0 0.21 135 115
H30-1 579.0 466.0 24.3 2.9 119 122 49.5 66.0 93.3 167.8 0.7t 13.4 10.7
H30-2 586.1 486.3 205 0.5 24 9.8 352 47.0 533 92.0 0.46 122 10.1
H30-3 570.5 453.3 259 1.2 45 9.1 30.7 41.0 48.8 513 0.22 114 9.1
H30-4 Natural 539.5 448.2 24.8 0.1 0.2 10.1 474 62.6 1238 2138 0.69 12.1 9.7
H30-5  Japanese drying for  H30 564.9 478.7 18.0 13 7.2 9.7 334 44.6 56.0 69.3 0.35 11.0 93
H30-6 cypress 3'0 d;vs 567.5 467.2 215 0.6 28 9.9 455 60.7 85.3 106.5 0.59 12.1 10.0
H30-7 - 5513 446.1 23.6 0.4 1.7 10.3 44.7 59.1 86.8 87.0 0.46 11.6 9.4
H30-8 525.0 425.1 235 0.8 34 114 50.5 63.3 127.5 1275 0.69 123 9.9
H30-9 573.2 484.2 184 0.6 32 10.2 45.6 59.6 78.0 78.0 038 117 9.9
H30-10 5427 4335 24.6 0.6 2.3 8.3 337 450 64.0 64.0 0.29 9.7 7.8
SHD-1 493.7 4319 143 7.0 48.7 82 374 49.1 1203 359.5 0.72 8.4 74
SHD-2 5374 4284 254 33 209 8.6 352 46.5 855 195.0 0.7 8.6 6.8
SHD-3 574.0 502.9 14.1 5.0 351 7.8 327 43.6 81.3 196.8 0.65 9.4 82
SHD-4 High 667.5 547.7 219 13.5 61.8 74 35.1 46.0 102.3 2135 0.69 9.0 74
SHD-5  Japanese temperature SHD 5303 416.1 27.3 11.9 43.3 8.0 323 43.1 104.3 199.5 0.72 9.1 7.1
SHD-6 cedar drving 3829 465.0 254 6.9 27.2 8.1 410 54.7 1313 2525 0.68 88 7.0
SHD-7 ying 313.0 446.6 14.9 4.4 29.5 8.8 36.8 49.1 132.5 272.8 0.72 8.7 7.6
SHD-8 5515 450.2 223 6.8 30.2 7.7 36.8 49.1 973 308.0 0.70 8.2 6.7
SHD-9 455.1 3785 203 3.0 15.0 83 36.9 49.2 39.5 64.8 0.26 8.6 7.2
SHD-10 497.7 387.0 28.6 7.4 257 7.0 29.8 398 126.0 2508 0.73 7.3 5.7
S180-1 629.2 4733 330 6.7 20.3 9.0 37.2 48.7 1248 2520 0.71 9.6 7.2
S180-2 366.5 4371 29.6 58 19.7 6.1 304 40.9 145.8 145.8 0.66 7.4 3.7
S180-3 498.2 398.8 249 1.5 6.0 6.7 363 484 99.8 99.8 0.51 6.9 55
S180-4 577.9 448.8 28.8 34 1.7 8.9 388 517 126.8 274.5 0.72 8.6 6.7
S$180-3 Japanese Natural 624.9 484.4 29.0 1.6 55 7.6 389 523 164.3 270.0 0.64 8.1 6.3
$180-6 cedar drying for  S180 5879 465.6 26.3 4.2 16.0 6.9 309 41.2 76.8 79.0 0.39 7.8 6.2
$180-7 180 days 4404 349.0 26.2 4.1 15.8 7.4 294 392 66.8 2358 0.60 7.6 6.1
S$180-8 471.8 3823 23.4 52 22.4 74 393 522 123.3 132.0 0.67 7.8 6.3
$180-9 5281 412.2 28.1 45 16.2 7.6 389 519 154.0 2355 0.65 8.5 6.6
8180-10 6719 535.7 254 6.0 23.7 7.5 352 46.9 101.0 1553 0.64 8.0 6.4
S180-11 583.3 454.6 283 4.2 15.0 6.0 317 41.9 116.8 145.5 0.64 6.3 4.9
830-1 639.4 510.1 253 6.2 24.6 9.5 43.1 56.4 90.5 143.8 0.70 89 7.1
§30-2 5399 4489 203 35 174 10.7 47.6 63.5 103.5 273.8 0.70 1.2 9.3
$30-3 5279 4237 24.6 52 213 8.7 36.9 49.2 798 169.3 0.72 89 7.2
$30-4 Natural 532.6 - - - - 8.0 40.1 52.9 138.0 1383 0.66 7.9 -
$30-5 Japanese drying for  $30 681.1 5184 314 3.0 9.5 7.3 380 50.7 138.0 202.0 0.65 6.9 33
$30-6 cedar 3'0 days 5735 4552 26.0 5.6 215 3.9 315 41.7 95.5 190.8 0.62 6.2 5.0
830-7 o 755.8 583.7 29.5 2.7 92 6.1 283 37.8 743 93.0 0.48 6.9 33
$30-8 584.1 458.3 274 0.9 33 9.3 383 511 613 1555 0.58 9.4 74
$30-9 610.4 473.8 288 0.9 33 7.8 36.3 48.0 915 9L5 0.49 8.9 6.9
$30-10 592.8 469.1 26.4 3.9 14.6 6.2 33.1 44.1 89.8 89.8 0.42 6.4 50
BHD-1 4371 3853 134 0.6 4.3 9.9 243 324 36.5 415 0.18 11.0 9.7
BHD-2 483.3 4217 14.6 1.2 8.3 13.7 432 588 60.5 61.0 0.31 15.8 138
BHD-3 516.3 4514 144 1.4 9.5 13.0 358 477 40.8 44.5 0.20 14.1 123
BHD-4 High 484.5 425.3 13.9 18 129 121 277 373 42.8 533 0.28 134 1.7
BHD-5  Douglas tempc;murc BHD 571.8 5016 14.0 1.9 133 14.1 N 68.2 64.5 174.0 0.72 18.6 16.3
BHD-6 fir dryin 5124 450.3 13.8 0.6 4.4 10.8 372 50.1 753 87.0 0.46 12.4 109
BHD-7 ying 390.1 515.0 14.6 08 5.4 16.6 26.9 36.2 223 84.0 0.16 18.8 164
BHD-8 526.4 464.4 134 1.0 7.5 122 238 304 33.5 438 0.22 15.4 13.6
BHD-9 449.6 391.6 14.8 0.8 54 2.9 322 42.9 62.5 63.5 0.33 10.5 9.1
BHD-10 507.6 435.6 16.5 3 7.7 13.3 46.9 63.1 64.8 65.0 0.33 4.7 12,6

Legend: Absolute dry density: Density corrected by moisture content

S.D.: Standard deviation

C.V.: Coefficient of variation

Py Ultimate load

8p,y: Deflection at ultimate load

8 p : Deflection at breaking point

Deflection energy: Deflection energy before 120mm deflection

Absorptivity of energy = Deflection energy before 120mm deflection / (Py x 120mm)
E,: Young's modulus by stress wave velocity calculated with measured density

E,: Young's modulus by stress wave velocity calculated with absolute dry density



