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Solid Wood-Bending of Red Pine Lumber by Boiling Treatment *'

Won - Tek So™**

ABSTRACT

This study was carried out to investigate the solid wood bending properties of red
pine(Pinus densiflora S. et Z)naturally grown in Korea by boiling treatment. The specimens
were green and their dimension was 15X15>350mm.

The optimum conditions for solid wood bending processing of pine lumber are shown in
Table 6 and the minimum solid-bending radius was 240 mm 1n botling treatment.

The effectsof knot on the degradation of hending processing properties were very severe

and the failuresof diagonal and torn grained wood were 20% and 30%. respectively.
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Table 1. Characteristics of sample trees.

Species Age  Number Dia* Sapwood Eccen
{vr) {pcs) {cm) (%) mcity(%)

Pinus e s 39 80 7.8

densiflora 5465 35-42  76-83 5.4-10.3

Note . *Diameter on the top end.
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Table 2. Physical properties of red pine wood.

Width of Specimen M.C. Sp.Gr. Shrinkagte(%) %

anfiual 1n green at

ring(mm) %) 12% Rad. Tan. Lon.
3.32 Sapwood 109+18 0.49810.112 4,12 7.80 0. 265

+0.85 Heartwood 104£15 0.523+£0.110 +1.32 +2.23 +0.085

Note . *Shrinkage from water saturated to oven dry.
Rad. ! radial direction
Tan. ! tangential direction
Lon. : longitndinal direction

Table 3. Effect of sapwood and heartwood on solid wood bending of red pine lumber by boiling

treatment.
R.O.C. No.of specimens Bending  Minimun
Specimen tested graded in bending possibility  R.O.C.
{mm) A B C D {mm)
Sapwood 280 2 2 1 PS 260
260 1 2 2 PS
240 2 3 IS .
Heartwood 280 4 1 PS 260
260 2 2 ] PS
240 1 1 3 IS

Note : R.O.C. . Radius of curvature
A 7 without bending failure
B with minor compressive failure-negligible {or practical use-in the concave side
C . with remarkable compressive failure
D ! with breakage or tension failure
PS | possible, IS | impossible

o] 2ol ey fhko g AHE7bEd Bl Be Folvt e Aoy A=Y
&t 4% Cgel 14g #7pEol BR(1985)" o] oA ZEEEFZAE &
bestden FE9E 260mmol e A 1 R EA ] }%1014 BHENE
R, Be27), C# 22 FEA 2753 A A gAY HaFggetRel 2t 260mm,
Biol 60%oldelng AA Hrbgrt ‘59_3? 280mma A Bl fAEA } AARG oha
AR At BMESLE 240mmol M = BF 29, F¥IIEcn wEI b ot 2 o)t
Cw 37H2A A, Bwo] 40% sid=o &7t 20mmel EHst] FEHS AFT e of
FE=oz Aol olme HAZZuAL e ohek Stevens® Turner{1970)7 7} &) qFst
260mmo 2 AR U v E HAE F AT EA ROEEMDY 80820 B2
EYH4 280mm, 260mmel M= ®7EEe] vibn v HEe Aol ¢rHEE WL §ojgvts)
st ot 240mmolstel ME B7HE EFoR 2
BREH HALFZEVAEALE WAYg Y 3.2.2 FERME
260mm2 AAHEA WA} 4 YT Hotgdel dig A& dEE 0°(HFAH),



22

ZAFE HI9¥E3E 1991 94

45°RAERFT) R 90" (HEAH )9 3741 2 3

sto] RS Wil thE Hrrg el vl H =
g FAE e Table 49 2ol
AURE BRI MEA FEAE 009 4579
HATZENE S FYT 260mmE vHERH 2
EEAE 00°N A HAZEWNH L 240mnE A

=
A2 QAT FB Y wwie] B
AHot FZEA] HHEAELE Aok gle A2
2 veEso.

£(1989)" 9] Fatoll o AUYF-HIF A
= AEA HrtgAdel 7 FEIFA LT o

go HAZEWAEL 280mmE L FAHEA
B RAeR e 320mmEA 22 300mm

wrh Batgoh. weba A dol B3 HE
el PAEHe B vt BEAE F a3
wo] #Aglol BUT #F T ALE ¥
qom 37 EEEHE RF AR BHEHE
M ThA FET YAEAEL EE F AT

Zao 4 AT taHE FHAT
g Auel 2z BF eprbA ot 5
2pdl o] AgolE dAstAeF AW R &
ol olg vtasrt Bﬂf‘fﬁﬂ?! o -
T U Fodre aavhRERg P

Qg 2o e mEe AATE AT

24 o}

e ZAnt F5F W3l dojdny
g7,
3.2.3 LB E
A 2Es 0TAA 100C 744 597
TEEA A E A oW g

/”r* e g #EI i Fig 19k g
600
E
£
T oo d
é 300
;
=
S 4004
5
7D IRl
R B SN “
T 3001 Tl
24 el b,
PPN S D PN 4
200 M T T T T Y
20 40 60 80 100
Softening temperature{'C}
Fig.l Relation between softening tempera-

ture and minimum radius of curvature.

a2t e ZM% ‘rM AzA LT 20T
A w9} F LR 360mmA A 60T Y We
260mm 7+ A 7“1:6}0% o] Z27E 42 g
Bhd o] A8 Zaskys 2%E 2yl &

(19857 9] Aol B HeUE

Table 4. Effect of annual ring placement to bent plane on solid wood bending of red

pine lumber by boiling treatment

Annual R.O.C. No.of specimens RBending  Minimun
ring tested graded in beading possibility R.OC.
placement
) {mm A B C D {mm )
0 280 2 2 1 PS5 260
260 1 2 2 PS
240 2 3 15
45 260 2 1 PS 260
240 1 1 3 IS
220 1 4 15
90 240 1 2 2 PS 240
220 1 i 3 IS
200 1 1 3 1S

Note : see the note of Table 3.
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Table 5. Effect of wood defects on solid wood bending of red pine lumber by boiling

treatment.
Type Side R.O.C. No.of specimens(pcs)  Rate of
of of tested failure
defect defect {mm) tested failed (%)
Knot Concave 300 20 19 95
Knot Convex 300 20 14 70
D grain Concave 300 20 4 20
T.grain Concave 300 20 6 30

Note . D. grain(Diagonal grain)
T. grain(Torn grain)
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Table 6. Optimum conditions tested for solid wood bending of red pine lumber by boiling

treatment.
Species Specimen Annual nng Softening Softening
placement temp.(C) time(min.)
Pinus densiflora Sapwood Edge grain 60 15

Table 7. Solid wood bending of red pine lumber by optimum conditions.

ROC. No.of specimens Bending  Minimun
Specis tested graded in bending possibility  R.O.C.
{mm) A B C D {mm)
Pinus 260 3 1 1 PS 240
densiflora 240 1 2 2 PS
220 1 4 1S

Note:R.0.C.(Radius of curvature)



26

24 Fe 419833 1991 9¢

(1) &t OMe B dhELge =¥
260mmzA F7HEAA9 ERVE A

(2) HHEME BRERMY HALZEREL 5
U3 260mmE YHEIYN D EARHE 240mmE A
VY Fsd 8hEAE 2ok

(3) 8713 ¢ 9% mEKLEES 60T AT
(4) 87128 A% BIgLEEEEe 158
oItk

(5) ol EHEEE 70%cldoz dF
AR fEREY BEEL 20%, MHEIY
o] BHEEL 30%E Ve th

(6) & Ageld d& REGEH 22 #7158
AAE A AUF SmmfAHY Bl iEeE
& EHEEE 240mmz HE SAHHAGD

2 £ X M

1. Jorgensen, R. N. 1968. Steam bending of
hickory. Hickory Task Force Report.
No.11:1—12.

. Nakamura, G. 1951. The bending test on

the wood(buna), treated by the water dip-

B

ping and boiling. Jour. of the Japan.
Forestry Res. Soc. 33(6):211—214

3. Peck, E. C. 1968. Bending solid wood to
form. Agr. Handbook 125. USDA Forest

<

. Saito, Y., Kitahara, K.,

Ser.:1—37.

and Ishii, K.
1951. Experimental study of the wood
bending. Wood Industry. 6(1):12—17.

. Schuerch, C. 1964. Principles and poten-

tial~wood plasticization. Forest Prod. J.
14(9):377—381.

. Stevens, W. C. and Turner, N. 1950. A

method of improving the steam bending

properties of certain timbers. Wood
(Llondon)15 @ 79—84.
7. Stevens, W. C. and Turner., N. 1970.

10.

Wood bending handbook. Forest Prod.
Lab. 110pp.

. Working group on utilization of tropical

woods. 1977. Properties of some Papua
New Guines woods relating with manu-
facturing process V. Bull. Gov. For.
Exp. Sta. No. 295:175—220.

. BRUTEE. 1985, Ak, wE 2 EBEE7

A uFe AUFe HinTigdl vlA
= M oma 2eh]13(1) 1962,

BETIEE, WRETED. 1980, BRE T EEStIEME
| EEERG BE Y Bl o)
—2uR, eyt o dgEe EE
of o]% FH F T, =A4-E3H17(3) !
819,

1

ki

)



