of
suitability as a raw material for furniture of the laminated veneer lumber (LVL) with pitch pins
(Pinus rigida Miil)
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Suitable Conditions of Producing the LVL from Pitch Pine
and its Paint Film Durability =1

- 2 - - a2
Sang Bum Park™ Young To Kong*“ Jae Myeong Jo*?

SUMMARY

This study was carried out to investigate the physical and mechanical properties. durability

i

adhesive bond and paint film for obtaining the basic data which were required to determine the

The results obtained were as follows:

The proper pressing time for making ibe LVL was over 4% second per milumeter of LVL
thickness.

The bending strength of the LVL was tower thap that of the solid wood, but the compressive
strength of the LVL was similar 1o thet of the solid wood  The strength increased with the
decrease of veneer thickness.

The impact bending absorbed energy of the LVL was O to 0.3 kg.mjom? in the direction of
parailel {o the grain, The energy of the LVL was jower than that of the solid wood (0.68
kg.m/cm? ).

In warm water soaking and cold-dry tests, delamination of adhered layers. surface crack, swe
ling, and color change were not found when the hot pressing time was over 45 second per mili-
meter of LVL thickness.

As a result of soak under vacuum test. shrinkage n the direction of parallel to the grain was
about -1.C percent and was about 3.0 percent in the direction of the perpendicular 1o the
grain.

The film cracks on the LVL’s susface after the wet.and cold-dry test were not found at all.
in the use of the LVL for interior decoration, it was considered that the surface of the LVL
be overlaid crossly with fancy veneers of birch and paulownia, etc.  This cross overlayirg
methods have resulted in few cracks on the fancy venser,
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Table 1. Characteristics of sample tree
H. 1 | )
Species Igc?ni){ Tgfsa)ge ¢ ea(rrrll_e)ngth Location
|
Pinus 20-34 65 p] Kwangneung,
rigida Mill. Kyunggi-do
T.0poise, pH 8.6, FLE 0.6, BE{EERE] 58F), EEER A DR 158, BEBR M NILC

L e sl =
kR
12, ¥

£ 4. Opoise,

e E 1. 2ppmol Vo, #HE

2.3. BiRH@mel st

2.3, 1.
4mm &

Zmm,

% / .

T4

Hiiow

dertl iRl BE IR

B

13
7

S 3
O, G
(Stem 5 sl &9l »} | Jﬁ 1004, oﬂ
Table 2

copolymer adhesive)

BAHRE KBS BEREA pH 10~
BiiRER 7o) 43% A

2. Dem @A G 11

Wl

KTk

0. 5808 domsiao),
< BHEsch

2 10k

Dkg/em® 80F /ma 14070 &

i/ enf &

B ARt 2

458 /o

B &Y WO EE SR

*i”“’f,ﬂ* o) HRIEG
S RS AR

Héﬁ"r"ﬁi.?l&% Amm HEFRIENR 3,5, 7,

10% R [f
9. 11, pl-
| R

;; i 3{:'(’51\ ;.’v

133 W 0

IS N i R
Wt o BN

e,

e HE

Mechanical properties of Laminated Veneer Lumber by pressing time (urea-melamin

{
Veneer thickness (mm) 2 4 Solid
Wood
No. of plies {pl¥) 10 5
T
Pressing time (sed/ mm) 30 45 i 60 30 45 60
Bending Spl *1 31148 595#11  593:1 | 353%24 373417 404137 533484
strength (Kg/em?) ‘
MOR *22 3 18“‘1 1 790£20 892432 620152 775425 784174 910£133
{(Kg/em®) - - - - i
Mog*3 8617 116214 138%1 92414 100%14 110%13 1082
(103kg/m2) * 6% by + + 1011 08221
Compression|{ $pi (Kg/cmi) 351420 428122 451428 241441 272321 348427 379151
parallel to x4
grain Tmex 2 477414 522%25 585310 | 327411 384212 458213 470%80
(Kg/em™) - cams - - - - -
MOE Al
(103Kg/cm2) 1442 1.5%0.2 1.530.1 1.240.1 1.250.1 1.610.1 -
Compression| Spl (Kg/cmz) 6843 8242 915 4216 5414 5942 42+5
perpendicular pryp
to grain (103kg/cmz} 0.2530.05 0394006 0.37£0,07!0.1610.02 0.22%0.04 0.2430.04

*1) Spl: Stress at proportional limit
2) MOR: Modulus of rupture

”*) MOE: Modulus of elasticity

’ym ax’

¢ Maximum crushing strength.
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Bending strength of the LVL by number of plys (phenol adhesive)

Number Thickness | M.C. | Sp.gr.
of plies {cm) (%)

(rly)

Young’s
modulus

pl (Kg/em?) | MOR (Kg/cm?)

I*I #*y

4 1= 7 i ¥ 1

0.8 120 0.60
13 13.6 0.58
1.9 14.5 0.57
24 14.1 0.61
30 13.2 0.57

r— D =3 0 W

1

2408 120
3242 179
3289 203
2334 247
2152 293

3858 342 46.9
546.5 282 74.8
4173 348 589
558.6 300 63.6
5483 423 433

Wod
- — D

bt
e O

Solid Wood 3 12 0.54
Plywood 1.1 10.1 0.57

533 - 910 - 108
— 5319 4247 721 496

* 1) /: Parallel to surface grain
2) L: Perpendicular to surface grain

3} Other abbreviations are the same as shown in Table 2.
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Table 4. Impact bending absorbed energy of LVL {phenol adhesive)

Number of plies (ply) 3 5 7 9 11
Thickness {cm) 0.9 14 19 2.5 31
Irapact bending absorbed / 0.21 0.29 0.19 0.24 0.30
encrgy (Kg.m/cm?) 1 — 0.03 0.03 0.05

* 1} Solid Wood: 0.68 Kg.m/cm?
2y #,1: same as shown in Table 3,

I, LVL S ##fol tool miflgre) e s o el
Wrat 4 i dlol ul % 353t FAl 2 5o I8 f‘fw'%.w HEHHE el HE Table 67 Zo] #H
L SrEEs A E & O 03kg‘m/cnf, g K ST CHEHE i sghe] Aol glelont Bhm o
12 (L 24kg m/enf &2 0.68kg- m/cfSl FEH B WHEES 1.2~ 7% EER A
yoh @R ool v A 2 vl 5 ekl Mg T BERRa gdoloh
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Table 5. Delamination of glue line in LVL by warm water soaking (urea-melamin adhesive)

Veneer thickness (mm) 2 4
Number of plies (ply) 10 5
Pressing time (sec/mm) 30 45 i 60 30 45 60
i
Delamination 7 1 2 0 1 0 0
number (No.) L 2 1 0 1 0 0
Delamination 7 severe severe trace moderate trace trace
degree i severe moderate trace moderate trace trace

*1) specimen: 7.5 x 7.5 an
2) /& L: same as shown in Table 3
3) The lamination number and degree were ineasured at each glueline of specimen surface.
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Table 6. Shrinkage and delamination of glue line in LVL by warm water soaking {phenolic
adbesive)
Number of Shrinkage (%) Delamination Delamination
plies (ply) p . number (No.) degree
3 0.1 2.7 None Trace
5 -0.2 1.5 None Trace
7 . -0.2 1.2 None Trace
i
9 L0 1.3 None Trace
11 -0.1 1.5 None Trace
* 1) /& L same as shown in Table 3.
Table 7. Cold & dry test results of the LVL (urea-melamine adhesive)
Veneer thickness (mm) 2 4
Number of plies (ply) 10 5
Pressing time (sec/mm) 30 [ 45 | 60 30 i 45 60
_ L 4 moderate trace frace moderate trace trace
Delamination
1 moderate trace trace trace trace trace
Surface crack trace None Noane modezate moderate None
Swelling iittle None None little None None
Color change None None None None None None
* 1)/ & 1: same as shown in Table 3.
Table 8. Cold-dry test results of the LVL (phendic adhesive)
i 0"\ - .
Number of Shrinkage (%) Delamination Surface Swellin Color
plies (ply) Y 1 degree crack g change
3 0.3 0.6 None None None None
5 0.2 0.5 None None None None
7 0.2 0.7 None None None None
9 0.1 1.1 None None None None
11 -13 09 None None None None

*1) #& L: same as shown in Table 3.
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Table 9. Paintability of the LVL ( phenohc adhesive)
Shrinkage after Film cracks
Numjner Thick ness MC. soak under Wet-cold-dry Soak under
of plies (mm) Sp.Gr (%) vecuum-dry test after 30 vacuum-dry after
(ply) test (%) cycles 5 cycles
4/ i No Length No Length
) {cm) ’ (cm)
3 79 0.60 121 -1.2 3.7 None 0 4 0.9
5 13.3 0.58 13.2 -0.9 22 None 0 i i2
7 15.1 057 12.8 -0.7 2. None 0 0.8 0.7
9 24,0 061 134 -2.0 3.1 None 0 1.2 1.4
11 308 0.57 13.7 -2.0 4.1 None 0 4 3.6
*1) 4 & L: same as shown in Table 3.
Table 10. Paintability of the fancy veneer-overlard LVL (phenolic adhesive)
Shrinkage (%) Film cracks
Veneer Remarks
for overlay / i N length Txs
0. (cm)
Oak 04 -0.3 4.8 9.1 Soak under vacuum
Birch -0.2 1.8 0.2 0.5 test (§ cycles):
Paulownia -0.5 -0.6 0 0 150mmHg, 4min.
—60°C, 24 hr.

*1) Adhesive used in fancy veneer adhesion on LVL were polyvinyl acetate resin (PVAC).

2) # & 1: same as shown in Table 3,



L o 5 ) P fel BE1T 3= akro
®oefpie s BES 4 Futh

3.6. {LMER M LvLS BEH

Db BN R@Eiel RIS

l“?‘/

fol W, gol "0} olx whivEstsl flaid
VL) ol R RN L B

#iel FuH {959 Red oak:, #
I3 %L}-»‘} o 0.2Zom BN G MIEF [,
aminoalkydBiigEH & o g 2]

H)? ?ﬂ’ [Lzrm 6l %Si—%l

1(1_/}_ T:"
EZEBE-{U“
® fﬁ

C’

oo o
KRS §

a;: oy mETel
FlEEzo] o) 5

(t’?’f.‘%ﬁfz’% LVLe g%, LVE o e aik

apt (LEEEER ) @ LTS T skl
éﬁ} AR A L S Aol ) -
fie] {LPEE S HHs S i {bifgme

HEBEE ol Sy 1, ok AN Bafat

’r*jf Eo g - o \’r H
SEEAZ) ARRTOI98S Y el gifhiol o] shu,
GEAA S fitEEe] W
o] T

1] &} 2] e

b= s Brol #HIERY 77 o) Mrbelt el

o] f(t

gehokn o RER Mg B oo, LVLY A

gtet REiEs 8 2o}
firel BBgel vs gL oloh
& 2

BB (LY

ARyl AR

4.
gL g E

1l

ES %

wAe EAER BHAE FlEeh] A8 AREs
& Rt s DepvIBE ot e i

HEHE HHSS BHREENE 8E, L pH

g9, R ILE, BERAL 2 %

e ERE Oen 2.

G7lehe b LVL Rt % S
45 7 7 1580 ool Fg

BEREES fi

3 7
q BX.{?._

ik,

Tmm §71

2. feBE
= oaleab o B
He sty fHip ey,

3. BRI A
EE AT EH
0. wlkq' m/enf 2. 2

¢ wrorul,

2
4, BEERFESENS 45Fb/me Do 2 Bt EE

Fokfol

el whk oo iR
AR S R

T2 5ol B
it ARl
0.68kg m/cs] Ffol f-al

Pol 0,03k m/ud,

HipE W RREERSE, ZEE o H5E,
BIW, BEE, g ol ?’ii"’d}*l s(’db}

O O B e
o)l gk

g 24

&)

3% % o,

GEREE 2 WS e R L
A9 W

S LVLE

Bl 70} bR
ﬂeﬂ@ﬁg,
“Hﬁhrﬁ

J 51' ko]l 2
Z R R

ft‘%‘!ﬁ%ﬂﬁ

cigslol & Aow §
2 £ ¥ m

e e A e,
I L=

1. L}H

5L
LEEMEICRT LA IR 2, 3n

1973, HREEHD
F‘X*“ HHIZ DT,
21

2. FEchols, RM. and R.A.

Comparative properties of douglas-fir boa-

AR TEE 28060 1 19—

Currier. 1973,

rds made from parallel laminated veneers

vs solid wood Forest Prod 0 25(0043 - 47



gl % L. RS B
L SRS iV AL I -

RN/ HORE - h

e

PPL press-lam reseascn team. 1972 FPL

press-lam process:Fast efficient conver

ston of logs 1nto structure products, Forest
Prod 1.

22(1) 1623
FEIRESL, GEHRCR, 4TI,
1985, R LVLEEOR A,
No. 397 1 1-8
MEER, TTRE, ¥ BEAE,
BLAHZE. 1981, EER fEE& R A% -
e RBIfkF o] B o8 B
FIHRER 1) RS HREE Noo 28

mj i‘ f}’{ ki

I*@! W

EHE,
; ~ wfc%ﬁ ~~~~~ TEEEL WMk
7 2] “‘raﬁ@ﬁoﬂ 955 s OHET FIHES
I MEESEEE WREREY Noo 290125
176
bR, EHELL, &R R 19
7 LVLOAUD Hu";ﬁf&)?@h
ﬁt%ﬁ?i&ziﬁ%ﬁ%ftwﬁésﬁ HE#E No. 396 11
~10
{cHHERR, (AL,
7V LVLD AT AEIFIR) - 15/
OBRNBEIIT ATt L SRR
DR, HEFRAR No. 398 1112

Pl

FRi R, 1985,

# 7

P, st v LNVL
9

oy

Laxford RF197E Strength of glued 1
manated sitka spruce made up of rotary cut
USDA For, Res. Pap

For, Trod. Madizson, Wis

veneer Dery 1512
Lap
Marra. (.G 1956, Development of a met
hod for rapid lamination of lumber without

the use of high-frequency heat. Forest Pr-
ol | - 104

34 ﬂ*ﬁ, ?éif}%i FiS. 1ose, BERER LY.
HEORLLH BT Lk
ﬁ ‘*%wﬁ i u Noo A1zl

EEME R e Uk

{3y L 97

Yv
e
.

4
-
o
i
ey
i

>.

Schaffer, = L. RW. Jokerst, RO, Moody.

}. Zahn.

a high-vi-

£ Yeters, ] L Tschernitz and |

1972, Feasibility of preducing

eld laminated structural product:Gereral

summary., USDA. For. Serv. Res. Pap. F.

P 175 For. Prod Lab. Madison. Wis.
Y{‘aung(iuist. TA and BS Bryant 1979

Production and marketing feasibility of pa-

rajlel laminated veneer products.k
o, ] 29(8) T 45—48

‘orest Pr-



