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Development of Compound Laminated Wood and Analysis of Bending Pro-

cessing Properties with Major Softwoods Grown in Korea (1) *!
— Solid wood-bending of Pinus densiflora, Pinus rigida . and Larix leptolepis by steaming —

Won Tek So *¥ Kie Pyo Lim **

SUMMARY

The proportion of imported wood has been now over 80% of raw materials needed in the
wood industry, and therefore, many of studies on the substitution of domestic wood for
‘imported wood and on the increasing the utilization rate of domestic species have been
attempted and considered as very important projects to solve. But these trials were practical-
ly restricted by several disadvantages of domestic species, such as a small diameter, variety
of species, and irregularity of wood physical or chemical charactenstics, etc.

From a this point of view, this study was carried out to investigate solid wood bending
properties of sample trees and then to develop their end-uses. The species of sample trees
were Pinus densiflora S. et Z., Pinus rigida Mill., and Larix leptolepis Gord.. which have large
growing stocks but Pinus rigida and Larix leptolepis have not been used well because of thejr
poor qualities.

The results obtained were as follows :

1. The optimum conditions for solid wood bending processing of Pinus densiflora, Pinus
rigida, and Larix leptolepis are showed in Table 6.

2. The minimum solid-bending radii of Pinus densiflora, Pinus rigida, and Larix leptolepis

were 260mm, 240mm, and 300mm, respectively in steaming treatment.
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Table 1. Characteristics of sample trees

Species Age Number Dia4 % Sapwood Eccentricity
{yr.) (pcs) {cm) (%) (%)

Pinus 59 39 80 7.6
densiflora —_ 4 —_— —_— Ra—

54-65 35.42 76-83 54-10.3
Pinus 17 12 96 6.9
rigida e 20 e

14-25 9-18 93-98 0.0-17.3
Larix 48 30 27 7.1
leptolepis — 8 — —

44-51 27-34 22-31 3.0-11.9

Note: % Diameter on the top end.
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Fig. 1. Apparatus for hand bending. (unit: mm)
a: form, b: end stop. ¢: reversed lever. d: side

press, e tension strap, f: specimen
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Table. 2. Basic conditions of softening in steaming treatment.

Species Specimen M.C. Annual Softening Softening
Ting temp. time

(%) placement ("CI}) (min.)

Pinus

densiflora Sapwood 15+1 Flat-grain 100 30

Pinus

rigida Sapwood 15+1 Flat-grain 100 30

Larix

leptolepis Heartwood 15-+1 Flat-grain 100 30
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Table 3. Physical properties of Pinus densiflora, Pinus rigida, and Larix leptolepis

Species Width of Specimen . M.C Sp.Gr Shrinkage (%)™
annual in green at
ring{mm) (%) 12% Rad. Tang. Long.
Pinus 0.332 Sapwood 109 0.498 4.12 7.80 0.265
densiflora Heartwood 104 (1.523
Pinus 0.343 Sapwood 70 0616 4.95 7.63 0.334
rigida Heartwood 110 0.557
Lirix 0.316 Sapwood 120 0.545
leptolepis Heartwood 107 20 390 771 0266

Note: *% Shrinkage from green to oven dry

Table 4. Effect of sapwood and heartwood on solid wood bending of pinus densiflora, Pinus rigida, and

Larix leptolepis in steaming treatment

. L R.O.C. No, of specimens . Bending Minimun
Species Specimen tested graded mbending possibility R.O.C
(mm) A B C D (mm)
Pinus Sapwood 320 X 2 PS 300
densiflor 300 2 2 ! PS
280 2 3 1S
Heartwood 320 1 3 1 PS 320
300 1 1 3 1S
280 2 3 1S
Pinus Sapwood 300 3 1 1 Ps 280
rigida 280 2 2 1 PS
260 1 1 3 )
Heartwood 260 4 1 PSs 240
240 2 1 2 PS
220 1 1 2 1 1S
Lanx Sapwoaod 360 1 3 1 PS 340
leptolepis 340 2 1 2 PS
320 2 2 1 1S
Heartwood 340 4 1 PS 320
320 3 1 1 PS
320 1 1 3 IS

Note: R.0.C.: Radius of curvature
A: without bending failure
B: with minor compressive failure - negligible for practical use- in the concave side
C: with remarkable compressive fialure
D: with breakage or tension failure

PS: possible. IS: impossible
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Table 5. Effect of annual ring placement to bent plane on solid wood bending of Pinus densiflora, Pinus

rigida, and Larix leptolepis in steaming treatment

Speci Annual R.O.C. No, of specimens Ben%in Minimgm
pecies placexggngt teste graded in  bending possibility R.O.C.
) (mm) A B C d (mm)
Pinus 0 320 3 2 PS 300
densiflora 300 2 2 1 PS
280 2 3 IN
45 320 2 2 1 PS 320
280 1 1 3 1S
260 1 4 s
90 300 1 3 1 PS 280
280 2 2 1 PS
260 1 1 3 s
Pinus 0 300 3 1 1 PS 280
rigida 280 2 2 1 PS
260 1 1 3 IS
45 300 4 1 PS 280
280 3 1 1 Ps
260 1 1 2 1 1S
90 280 2 2 1 PS 260
260 2 1 2 PS
240 1 1 3 IS
Lanx 0 340 4 1 PS 320
leptolepis 320 3 1 1 PS
300 1 1 3 1S
45 360 1 2 2 PS 360
340 1 4 1S
320 2 3 IS
90 320 2 2 1 PS 300
300 3 2 PS
280 1 4 IS

Note: R.0.C. (Radius of curvature)
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Table 6.0ptimum conditions tested for solid wood bending of Pinus densiflora, Pinus rigida, and Larix

leptolepis

Contents Pinus Pinus Larix
densiflora rigida leptolepis

Specimen Sapwood Sapwood Heartwood

Annual ring Edge grain Edge grain Edge grain

placement

M.C. (%) 30 30 30

Softening 100 100 100

temp. ()

Softening 15 15 30

time {min.)

Table 7. Solid wood bending of Pinus densiflora, Pinus rigida, and Larix leptolepis at optimum condi-

tions by steaming

L R.O.C. No. of specimens Bendin Mimimun
Spectes tested graded in _bending possibility R.O.C.

(mm) A B C d {mm)
Pinus 280 2 2 1 PS 260
densiflora 260 1 3 1 PS

240 1 1 3 IS
Pinus 260 3 1 PS 240
rigida 240 1 PS

220 1 1 IS
Larix 320 3 PS 300
leptolepis 300 2 PS

280 1 1 3 s

Note: R.0O.C. (Radius ot cuarvature)
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(1) WA AAd B aiEeRe 2k g
T 300—260mm 2 320—260mm, 2]7]TkAUE 280
—240mm % 240—220mm, HHF 340—300mm =
320—300mm A AUFE WA, 77)chauEe}
SEEL A BTkl oa BEFsE.

(2) B, BIEEH 2 BB B/ dhkg
B2 Zb7E AR 300—260mm, 320~ 260mm 2 280
—240mm, =71ThAYUF 280—240mm, 280 —240mm
2 260—220mm, 9<% 320—300mm, 360—
340mm % 300—320mnEX WHE EHHMY I
Lol 7HE REFstA T
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o 3 ol ERAAE BT mie dg
T YA
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