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Mechanization of Pine Cone Harvest(II)
— Shearing Characteristics of Shoots of Korean Pine Trees—

E2 1N &% TR
W. S. Kang S. H. Kim J. S. Lee
SUMMARY

This reasearch was performed to provide the fundamental information for the mechanization of Ko-
rean pine cone harvest when the shoot shearing method is adopted. Shear force and stress of pine cone
shoots were meaSﬁred and analyzed for this purpose. Samples are selected along their harvesting time
and tested in 17 levels of shoot diameter from 10 to 26mm with 1mm increment.

1) Shear force-deformation characteristics showed that shoot reached its rupture point after 2 to 4
of bio-yield points. It was supposed that these multiple bio-yield points were caused by the disc-
rete compression of wood parts which are composed of water, nutrient, resin, etc.

2) Required shear force to shear shoot was proportional to the square of shoot diamter, however,
shear force for shoots of early harvesting time(Aug. 31) was proportional to the shoot diameter.
Variance of shear force was increased as the harvesting time was delayed.

Shear forces were distributed from 468N(Aug. 31, 12mm dia.) to 4153N(Aug. 31, 26mm dia.)
disregarding the sampling date.

3) The average shear stresses by sampling dates were 744, 822, and 883N/m2, respectively, and for
the earlier shoot samples shear stress was quite smaller than the others. Shear stress was propor-
tional to shoot diameter squared, and the effect of shoot diameter on the shear stress was decrea-

sed as harvesting time was delayed.
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Table 1. Shoot diameters and numbers of shearing test by sampling date.

A Z(mm) |10|11(12]|13(14[15|16{17[18{19|20|21 (2223 |24(25|26]| Total
Aug. 31,1992 | 0| 0| 3| 3| 3| 4| 6| 6| 3! 6| 6 0 1/ 0| 4 50
Sept. 16,1992 | 2| 2 8|11{10]|11 5 6 21 1] 0 97
Sept. 28,1992 | 0| 0 71 5| 6 2/ 0| 3 o{ 0| 0| 0fo0 30

Total 2| 2{12t13{21{19({23|16|11|10|24|20| 6|10 3| 1| 4| 177
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Fig. 2. Shearing force-strain of a branch of Ko-

rean pine cone tree.
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(Table 2).
Table 2. Regression equations for shearing fo-

rce of shoot by sampling date.

Sampling date Regression equation R?
Aug. 31,1992 | Y=-2255.7"*+231.6D"* |0.9390
Sept. 16, 1992 | Y=7160""* +3.5D%** 0.7974
Sept. 28, 1992 | Y=659.8** +4.2D*** 0.7028
Total Y=4760""* +44D*** 0.8055

Note : D : Diameter of shoot(mm)
Y : Shearing force(N)
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Fig. 4. Shearing stress by shoot diameter, 1992.

Fig. 4914, A7 12mm % 13mmol 333l

500N/enf o] 3te] Aeh-g3 & el & 6709 A

£ AN AFAHE FAse vUHA 4
(Residual analysis) 3 o3 H(RHEZ, out-
lie) 22 B3 E 4 YAk F, Table 5& B
6719] o] 34 AL THE 9} A 93}
AE el 2 FAAHA A vag o
A, R A9 28f A PR Ve 23
€ % 30% %4, HAAFE ¥ 0% FE] A
ol UE L Utk kA ol 674 AEE
AMAsta AA spAS A EAHE A

ol 6719 HEL 8Y 31¢ 9] ARNA Ho
A AN, 7HA A A7PEe Ady 9 A
@& dtdMz Fe wez G 3
oy M AY A= G| A7 HFo
Zhzhe] EAole EFAIA

Ao 8 A71E 2 AA] A9 A Ao &
A32-3 9 Duncan I5 A ZHAE Table 691
vebd wheh 2o

Table 6. Duncan’ s multiple range test for shear
stress by diameter within sampling date.

Aupust 31.19%2
Diameter< 18 14 19 26 15 21 20 16 37 23 24 12 13
Mean(N/cm®) 825 B11 783 782 753 753 747 725 712 624 621 414 405

September 16, 1932
Dnamem/‘égn)ZI! 11 14 16 15 25 18 24 17 19 22 20 23 21
Mean(N£m®) 1077 1073 1070 103} 923 91} BS3 721 716 712 686 646 637 636 607 595
Wa 13@4 16 15 21 18 20
Mean(N/ca®) 1165 974 919 869 823 BO7 743 705

Total
Dium‘(;?n)la1210n14151526181925201724222123
Mean(N/cm®) 1089 1077 1070 103} 924 864 836 782 762 729 721 706 701 682 637 633 614

Table 5. Comparision of the summary statistics from the two models.

Observations with 6 pts. in Observations with 6 pts. out
Bo 1919.5 2512.5
B —1044 —164.1
B: 22 3.6
R? 0.3355 0.6396
MS. 1462 99.7
se(By) 264 185
se(B2) 0.7 0.5
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