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Strength properties of Pruned Pinus densiflora

Tadashi HicasHino and T adayuki TAKAHASHI
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Summary

those of not pruned timber.
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Effect of ring knots of Akamatsu (Pinus demsifiora SIEB. et Zucc.) on the strength properties appears
considerably. To investigate the effect of prunming on the strength properties, bending test were made on
pruned timber in early time and pruned timber from stand age of 40 years pruned 10 years ago.

The sum of knot diameters in narrow end surface decreased by prunning and the value of bending

strength and Modulus of Easticity on sawn timber from first log pruned in early time were greater than
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Table 1 Description of log specimens.
Jo FI
Butt end Top end
E2) EE gEH & EHW % RN FRIE M0
P N Db ARN ARW Db ARN ARW Bow
Locality Position of Number Diameter - Number of Averageannuai  Diameter  Number of Average annual
the sample of annual rings ring width annual rings ring width
log cut from Sample
ground cm mm cm 7 mm mm
yASLE] 1HFE 1st 10 27.9 37.4 3.72 23.5 3L.2 3.8 46.0
Kunohe 2%FE 2nad 10 23.4 31.2 3.75 21.8 26.3 4.1 36.5
3FE 3rd 10 21.5 26.3 4.09 18.0 20.2 4.4 36.3
AEH 1%L 1st 7 28.9 45.7 3.15 22.3 36.6 3.0 42.4
Ishidoriya 2%E 2nd 7 21.9 35.9 3.05 19.5 30.1 3.3 24.4
3FE 3rd 7 19.1 28.6 3.39 15.1 23.4 3.3 35.6
fE iRy 1&E 1st 10 32.0 49.6 3.24 29.2 42.3 3.5
Taneichi 2%E 2nd 10 25.8 43.0 3.02 26.1 35.6 3.7
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SPL M HBIRRSRE  (kgf/cnf)
MOR  : HHVFBAE (kaf/cr) 2 BRI
CS-F [ ERMOMEEMEHEE (kgf/on)
CS-C 7 VY —MoOMERBE (kgf/cd) 2. 1 #SBAXRUHSEH O RSHE
S.G-F . ftEMABRBOEKMORBRELEEOE BT SN KO EORAEEREE - 112, /-
B (g /cr) M OB T RER - 21T L7,
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B (g /cd) KOFRZIZIZFELTH Y, THIHEL CETRZEEZR
SD ERREE PRV, 1FEPSORMTHEL AL EFEHHE,L I
cv CEERE (%) TRTEAM D, oE# ) S IIEAM S 1 REH &
7z,
AR 1 FEOTOOFHEDOFIHL 3 EHTIT~500
HHIZH > 720 FHFEHIFIE3.2~3.7TmmTH > 72,
F—2 MHEAK»SEM SN ABEMORK
Table 3 Number of sample sawned from the log specimens.
EE BRA & 7= 3 BRA o W~ i D L
7 b Positigm of Section size and number of tested timber sawned
the sample ﬂf"f (em)
Locality log cut from Size (cm)
ground 12X 24 12X21 12X18 12X12 10.5X15 10.5X10.5 8§ X8
A= 5] 1%HFE 1st 6 1
Kunohe 2%E 2nd 2 3 1
3EZE 3rd 1
AB% 1HFE 1st 5 1
Ishidoriya 2%FE 2nd 5 1 1
3FE 3rd 3 3 1
HETTHT 1&FE 1st 8 2
Taneichi 2%FE 2nd 3 5 2
x—3 HAMOEEL
Table 3 Knot ratio.
BT LA
Width Thickness
FEH EE it Mz i o S5 &
P % Edge Center All
Locality  Position of ™ [.kDC neKLD neSKDC neSKDL weKDC weKDL weSKDC weSKDL wcKDC weKDL weSKDC weSKDL WSKDL
the sample N  Kmax Kmax Cmax Cmax Kmax Kmax Cmax Cmax Kmax Kmax Cmax Cmax Cmax
log cut from 1/3 L 1/3 L 1/3 L 1/3 L 1/3 L 1/3 L L
ground % % % % % % % % % % % % %
yN=F 1%FE 1st 7 8.8 13.7 13.4 18.4 6.9 9.9 7.4 10.1 10.8 14.8 17. 23.3 29.0
Kunohe 2%%E 2nd 7 19.2 22.6 24.4 35.7 10.0 21.9 10.5 22.2 16.0  20.4 20. 27.2 42.6
3%E 3rd 10 22.9 31.3 35.3 46.6 22.6 27.1 24.0 31.1 16.0 22.1 32. 46.3 67.3
AReE 1EFE 1st 7 29 2.9 2.9 29 23 37 23 3.7 64 9.9 9. 4.9  17.0
Ishidoriya 2%% 2nd 7 14.4 19.6 18.8  24.4 13.6 18.9 16.0 22,0 13.5 14.8 19. 21.3 35.8
3%FE. 3rd 7 19.4 25.2 24.6 32.4 9.6 18.6 9.6 22.3 17.4 20.2 20. 23.0 36.5
FETTHY 1%E 1st 10 2.6 4.4 3.6 7.2 45 100 53 10.4 7.9 12.0 14. 20.2  25.1
Taneichi 2%E 2nd 10 12.8 22.3 17.1 29.7 13.0 16.6 14.6 20.0 14.0 16.1 17. 24.3 38.5
EAEY 1FE 1st 66 12.2 18.9 16.6 24.5 10.1 15.0 10.2 15.8 12.4 16.9 17. 23.7 33.8
Not treated
Legend Kmax . Maximum single knot. Cmax . Maximum multiple knots within a length of 15ecm. 1/3 : Central one thrid area.
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Table 4 Sample distortion after airdrying.

EH % kB lth  #y zh
Locality Position of N Twist Bow Grook
the sample Number
log cut from of
ground Sample mm mm mm
LA 1%HFE 1st 7 17.4 6.1 6.9
Knohe 2%E 2nd 7 22.0 5.4 3.6
3%FE 3rd 10 34.6 4.6 5.9
ass 1%E st 7 10.8 3.7 3.4
Ishidoriva 2%¥E 2nd 7 15.0 3.4 2.4
3%FE 3rd 7 19.4 4.0 4.0
HETTHT 1HE 1st 10 13.9 3.3 3.3
Taneicthi 2%&FE 2nd 10 15.2 3.1 3.5
72, 3FELNVENEEZRL:,
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Table b Weight and specific gravity and Modulus of Elasicity of log.
JE FE B HE AKRE wE IR & AKROEIH Y » 7R E
P N L Wg S.G { Efr-L
Locality Position of Number Length of Weight of Specific Fundamental Medulus of elasticity
the sample of log log gravity of log  vibration by logitudinal
log cut from Sample frequency vibration in log.
ground T i T Ty Ty LI
Ave. Ave. Ave. Ave. Ave. Cv
m kg g /en Hz tonf/cnt %
JUEH 1&HE 1st 7 4.1 212.2 0.928 390.4 97.6 11.9
Kunohe 2%E 2nd 7 3.9 166.0 0.901 400.0 87.8 16.8
3FE 3:d 10 4.0 134.6 1.039 359.0 88.5 19.4
LHER 1EE 1st 7 4.1 243.1 0.990 384.3 105.6
Ishidoriya 2%FE 2nd 7 3.9 160.4 1.047 408.6 116.5 i
3FE 3rd 7 3.5 102.1 1.114 425.0 102.7 12.5
R T 1HFE 1st 10 4.1 279.1 0.946 466.0 138.4 11.2
Taneichi 2%E 2nd 10 4.0 219.1 1.014 470.5 150.2 10.2

Legend CV : Coefficients of variation.
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Table-6 Modulus of Elasicity at green and airdried conditions.

I

In green condition

TEMF

In airdried condition

EEHy EE #H g =HE wBE  RBEARE BY IRE Hi wE RIREE BRYYIRE
Locality p N Wg S.G f Efr-g ¥g S.G f Efr-d
Position of Number Weight Specific Fundamental Mmodulus of Weight Specific Fundamental Mmodulus of
the sample of gravity vibration elasticity by gravity vibration elasticity by
log cut from sample frequency logitudinal frequency logitudinal
ground vibration in log. vibration in log.
Ave. Ave, Ave. Ave. cv Ave. Ave. Ave. Ave. cv
Kg g/cmd Hz tonf/cm2 % Kg g/cm3 Hz tonf/cm2
AR 1&8E st 7 66.97 0.695 434.6 90.5 12.3 42.64 0.463 561.4 100.4 10.6
Kunohe 2%&E 2nd 7 53.93 0.660 473.6 84.7 19.5 34.83 0.451 600.0 93.5 10.2
3%E 3rd 10 39.21 0.643 424.3 76.2 19.1 23.09 0.429 580.7 86.0 16.1
GES 1&E (st T 83.69 0.773 466.6 119.8 16.4 52.99 0.539 602.1 126.2 11.5
Isihdoriya 2%% 2nd T 61.61 0.687 482.9 105.2 14.7 39.43 0.498 632.9 111.6 12.2
3%E 3rd 7 29.17 0.564 580.0 100.8 29.8 19.04 0.469 728.6 98.0 15.6
& Ty 1&FE st 7 89.18 0.773 446.0 103.3 7.1 54.44 0.508 578.5 114.1 6.0
Taneichi 2%E 2nd 7 74.98 0.749 429.0 91.8 9.8 44,65 0.479 567.5 103.0 8.8
Legend : CV:coefficients of variation.
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Table 7 Bending characteristics of prumed timber

A EE ERE T AR FHERE Wiy > 7% B THBIRREE iy oseE
MC RU SofG ARW MOE EL Sp MOR
Locality Position of Moisture Specific  Maximum  Annual Stress at Bending
the sample contents gravity slope-of ring £XM E—AYMXR proportional  strength
log cut from grain width L 1/3 limit
ground % q /et mm mm tonf/crt tonf /et kgf /et kgf /et
JEH 1%&E 1st F8 Ave. 13.6 0.449 9.1 4.90 98.2 95.0 311 168
Kunohe HEUERZ: SD 0.6 0.032 3.5 0.67 12.2 13.7 75.2 97.1
/b Min 12.5 0.394 6.5 4.20 83.6 75.4 201 274
K Max 14.2 0.488 14.0 6.10 111.7 109.6 422 576
% o 7 7 5 7 7 7 7 7
2%FE 2nd P Ave.  13.2 0.421 13.3 5.47 90.3 91.9 254 339
fEHE(R SD 0.3 0.033 7.4 0.75 6.5 7.2 79.2 150.8
/b Min 12.7 0.381 5.5 4.30 82.4 80.7 165 184
15N Max 13.6 0.481 27.0 6.30 99.5 103.4 346 554
itk n 7 7 7 7 6 6 6 6
3%FE 3rd T Ave. 13.1 0.398 12.8 5.62 78.2 78.2 227 283
EH#EE SD 1.4 0.029 4.4 0.92 12.7 16.2 72.3 85.9
2N Min 12.1 0.360 4.5 4.00 59.2 55.4 157 167
TN Max 16.9 0.453 21.0 7.10 101.6 108.5 377 454
R n 10 10 10 10 10 10 10 10
aB%s 1%&E 1st Fiy Ave. 15.6 0.539 6.3 3.45 119.1 122.2 391 617
Ishidoriya R SD 0.8 0.042 2.7 0.81 12.2 14.4 29.8 32.4
/N Min 14.4 0.490 2.0 2.33 100.2 105.1 351 575
TR Max 16.5 0.605 9.0 4.82 136.1 138.8 427 660
A n 7 7 7 7 7 7 7 7
2%F 2nd T Ave. 15.8 0.496 6.4 4.09 105.7 113.7 328 449
R SD 0.4 0.046 1.8 0.41 12.2 15.3 81.0 107.6
&/ Min 15.4 0.451 3.5 3.55 93.3 93.1 251 324
TN Max 16.6 0.552 8.5 4.65 126.3 137.4 480 656
e n 7 7 7 7 7 7 7 7
3%FE 3rd FY Ave. 14.9 0.462 9.1 4.34 92.4 102.2 266 383
R SD 0.4 0.045 3.7 0.55 14.6 20.6 51.1 104.9
&/ Min 14.3 0.403 3.5 3.59 77.2 83.2 191 236
N Max 15.3 0.509 15.5 5.20 118.9 123.5 331 500
HAK 0 7 7 7 7 7 4 7 7
FE T H] 1E&E Ist F5 Ave. 14.2 0.484 4.69 111.6 120.3 326 518
Tancichi EifE A SD 0.8 0.021 0.82 8.4 13.4 45,7 19.4
R/ Min 13.0 0.441 3.29 100.2 106.6 227 484
wA Max 15.3 0.514 5.88 125.5 149.1 373 545
A% n 10 10 10 10 10 10 10
2%F 2nd Ty Ave.  13.1 0.445 5.13 98.8 103.9 263 417
EHEfEA SD 0.9 0.030 0.90 9.0 13.7 21.4 75.7
B/h Min 11.3 0.395 3.45 85.5 80.8 220 261
=UN Max 14.2 0.491 6.60 116.1 127.1 293 519
U 10 10 10 10 10 10 10
Legend . MOE . Modulus of elasticity mesured at full span.

EL : Modulus of elasticity measured at constant moment section.
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Fig.1—1 Relationships between Efr-L. and MOE.
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F—8 HLEM OMEERETHREE e
Table 8 Compressive characteristics.
EAM 7 1) X —#
Full size sample Small clear size
(Knot area cross-section removed)
R Hb HE R HEE MR P HE LI #5558 BE B
N CS-F .G Cs-C S.G
Locality Position of Number Compressive strength Specific gravity Compressive strength Specific gravity
the sample of T EERE T ZEREL iy AL IIES T LENRE
log cut from Sample  ay. cv Ave. CV Ave. Y Ave. cv
ground kgf /et % g /en % kgf/cnf % g /ent %
L 1%&FE  1st 7 375 8.4 0.459 5.3 411 9.3 0.451 6.2
Kunohe 2%FE 2nd 7 338 8.5 0.427 7.4 377 8.0 0.418 5.5
3FE 3rd 10 338 13.8 0.409 6.4 354 13.5 0.404 7.1
aBH 1&E 1st 7 416 6.8 0.539 7.7 411 10.2 0.534 6.4
Ishidoriya 2%E 2nd 7 417 7.9 0.496 9.2 440 6.1 0.485 8.8
3%FE 3rd 7 370 15.4 0.462 9.9 428 14.5 0.459 9.8
T TTRT 1HE 1st 10 331 4.7 0.475 4.4 349 7.7 0.475 4.4
Taneichi 2%FE 2nd 10 328 6.4 0.450 5.3 355 5.4 0.449 4.8
Legend CV ! Coefficients of variation.
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Fig.1—2 Relationships between Efr-g and MOE.
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Fig.1—3 Relationships between Efr-d and MOE.
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Fig.2—2 Relationships between Efr-g and MOR.
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Fig.2—1 Relationships between Efr-L and MOR.
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Fig.2—3 Relationships between Efr-d and MOR.
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Fig.4—2 Relationships between MOE and CS-F.
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F—9 GHEEVERER DM BIMREL
Table 9 The correlation coefficient values of strength properties.
Efr-L Efr-g Efr-d MOE EL Sp MOR CS-F CS-C
Efr-L 1.000
Efr-g 0.357 1.000
Efr-d 0.528 0.808 1.000
MOE 0.542 0.748 0.947 1.000
EL 0.559 0.645 0.871 0.926 1.000
Sp 0.270 0.688 0.796 0.753 0.670 1.000
MOR 0.388 0.662 0.816 0.803 0.717 0.874 1.000
C-FULL 0.004 0.605 0.588 0.506 0.439 0.555 0.443 1.000
C-SMALL -0.050 0.4527 0.499 0.447 0.409 0.476 0.400 0.804 1.000
700 600 ~
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Fig.3 Relationships between MOE and MOR. Fig.4—1 Relationships between CS-F and CS-C.
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Fig.4—3 Relationships between MOR and CS-F.
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Fig.5—5 Relationships between S.G-F and CS-F. Fig.5—6 Relationships between S.G-F and CS-F.
£—10 MELBEMEROMBRE
Table 10 The correlation coefficient values.
ARN-L ARW-L S.G SofG ARW S.G-F S.G-C
Efr-L 0.359 -0.363 0.360 -0.464 -0.418 0.333 0.401
Efr-g 0.558 -0.520 0.727 -0.421 -0.561 0.729 0.763
Efr-d 0.749 -0.535 0.861 -0.391 -0.577 0.863 0.902
MOE 0.769 -0.550 0.828 -0.382 -0.538 0.818 0.859
EL 0.690 -0.611 0.769 -0.279 -0.582 0.744 0.774
Sp 0.830 -0.598 0.711 -0.451 -0.546 0.740 0.764
MOR 0.864 -0.717 0.755 -0.521 -0.651 0.754 0.793
CS-F 0.548 -0.420 0.668 -0.440 -0.327 0.662 0.667
Cs-C 0.292 -0.502 0.531 -0.291 -0.261 0.540 0.528
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Fig.6—1 Relationships between neSKDL and MOE.
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Fig.6—2 Relationships between neKDL and MOE.
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Fig.6—3 Relationships between neKDC and MOR. Fig.6—4 Relationships between neSKDC and MOR.
K1 EifEL L BEMERE O BRI
Table 11 The correlation cofficient values between strength properties and knot size.
Efr-L Efr-g Efr-d MOE EL Sp MOR CS-F Cs-C
neKDC -0.258 -0.382 -0.473 -0.478 -0.422 -0.497 -0.594 -0.053 0.110
neKDL -0.166 -0.416 -0.508 -0.515 -0.397 -0.562 -0.587 -0.165 -0.061
neSKDC -0.332 -0.534 -0.554 -0.595 -0.547 -0.602 -0.667 -0.148 -0.011
neSKDL -0.240 -0.578 -0.599 -0.599 -0.484 -0.701 -0.701 -0.235 -0.089
weKDC 0.028 -0.118 -0.265 -0.227 -0.228 -0.417 -0.512 -0.005 0.058
weKDL -0.101 -0.367 -0.507 -0.39%4 -0.338 -0.565 -0.695 -0.173 -0.072
weSKDC 0.041 -0.197 -0.315 -0.290 -0.302 -0.461 -0.555 -0.034 0.008
weSKDL -0.056 -0,3% -0.536 -0.453 -0.417 -0.592 -0.734 -0.183 -0.109
weKDC -0.245 -0.374 -0.516 -0.482 -0.473 -0.380 -0.519 -0.144 -0.043
weKDL -0.254 -0.428 -0.512 -0.435 -0.477 -0.359 -0.527 -0.193 -0.152
wcSKDC -0.266 -0.432 -0.529 -0.488 -0.460 -0.440 -0.511 -0.316 -0.307
weSKDL -0.119 -0.445 -0.429 -0.359 -0.359 -0.420 -0.418 -0.391 -0.316
wSKDL -0.170 -0.488 -0.564 -0.485 -0.491 -0.595 -0.731 -0.234 -0.254
GE) FLBHEFE—312HL
Legend. The same as in table 3.
x—12 @iITHAEBRICB T B5R D OME T OEREL & SEEEOHBRE
Table 12 The correlation coefficient values between strength properties and size of knot in tension side.
Efr-L Efr-g Efr-d MOE EL Sp MOR CS-F cs-C
neKDC -0.359 -0.346 -0.472 -0.488 -0.432 -0.580 -0.746 -0.018 0.018
neKDL -0.280 -0.357 -0.502 -0.539 -0.464 -0.642 -0.711 -0.191 -0.140
neSKDC -0.318 -0.328 -0.414 -0.459 -0.407 -0.571 -0.723 -0.017 0.018
neSKDL -0.298 -0.435 -0.539 -0.560 -0.487 -0.704 -0.781 -0.208 -0.159

(F) RLBlizR—3icHEL

Legend.

The same as in table 3.
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