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Influence of Adhesion Condition on the Laminated Wood of Pinus
thunbergii glued with Urea-formaldhyde Resin'
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Summary

This study was carried out to investigate the block shear strength of the 2ply laminated wood composed of
Pinus thunbergii with ureaformaldehyde resin as adhesives according to pressure (6,9, 12, 15kg/cm? ). pressing
time(5, 10, 20, 30 hrs.), amount of spread(54, 108, 217, 324g/m®), hardener(10, 20, 30, 40% of 10% NH,CL
on resin) and extender(o, 5, 10, 15% wheat flour on resin), and the bending strength and bending voung’s
modulus of laminated beam according to the number of ply. The results were summarized as follows;

1. According to pressing pressure with amount of spread 2l7g/m2, both dry and wet shear strength of lami-
nated wood showed the highest in 15kg/cm?, and hot-cold soaking treatment showed the highest in Ykgfem?,
while all shear strength of dry, wet and hot-cold soaked laminated wood have been reduced with the increasing
of pressing time. 2. According to amount of spread, adhesion strength with the dry, wet and hot-cold soaking
treatments revealed the highest in 21 7g/m2 and have been reduced under orover 2 l’ig/m2 of spread. 3. According
to addition of hardener and extender, all shear strength of laminated block with the dry, wet and hot-cold
soaking treatments have been reduced in increasing of addition amount of hardener and extender.

The bending strength of beam according to the number o! ply showed the highest in 2ply laminated wood
and horizontal loading beam to glue line had the higher in strength than the vertical loading.

Key words: Pinus thunbergii, urea formaldehyde resin, hot-cold soaking treatments, laminated wood.
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____Table 1. Properties of sample wood _
TreejDiameter Av.of [Late

Spe-ages| {(em) Length ?i“nn' wood [Sp. M. C.

cies l(ye- |Butt-|Top-| (em) | i fin i widthiGr. (%)
ars) lend lend (mm) | (mm)

Pinus: :
thun-| 26 1315 1243 180 (605 | 2.74 |0.59]11.8
bergul :
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Table 2. Properties of sample adhesives

Adhe- |Viscosityl PH  [Resinratio (Curing time
sives | (Poise) [(at 25°C) (%) (hrs.)
Urea-

formal| . . | | .

dehyde 7.5 814 70.2 P2
resin ——
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o
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Table 3. Setting condition of laminated wood
and blending ratio of adhesives

g P =T P 2P Blending ratio
3g|93/33 %8 (-
AN AR
2dlSR) EITF e ElE
Division |5 FOE| 538
~ 2 o el 8 | 8 2
a £ 23,8 | %
p ; g 0
(=9
8
Pressing | o5 1 9 130 | 217 (100 |20 | 5
Pressure 12
15
5
. _ 10
Pressing 25 112 20 217 1100 {20 5
time 30
54
Amount | 25 | 12 | 20 ;?g 120 | 5
of spread 494
10
. 51n 20
Hardener | 25 |12 |20 | 217 1100 | | 5
% NFLC
(10% NH,CD 40
0
Extender | 25 | 12 |20 | 217 | 10020 lg
(wheat meal) ! 15
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Table 4. Block shear strength according to
pressing pressure

Test Pressure; Block shear strength (kg c)
kg ch) |1 2 3 4 5 6 |Mean

6 88.6/87.0]107.1, 82.6; 97.11 99.1} 93.6
9 10821195[108.8121.2/110.4118.6{114.5

Pry |12 1106.9103 30115.2108.0 106 1109 7/108.2
15 1134.9130.2}117.7)135.31136.1117.6128.6
6 | 67.91655(60.2 67.9] 633627 64.6
Wey! 9 | 733]884|740]{728|800/809| 782

12 | 746/688|73.4 75.91688| 75.6| 72.9
15 | 742/868/821]750!828/77.5|79.7
6 | 333[301]342/285 263 291|306
Hot& 9 | 34.0/44.5/51.5/44.9  44.9140.1] 43.3
Cold | 12 | 29.6/29.8]24.0/29.8] 25.1/ 22.4| 26.8
15 | 28.0{226]24.0]26.0 23.4]26.6{25.1

g
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=

3

- Dry
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6 9 12 15
Pressure (kg cf)

Fig. 1. Relation of pressure to wood failure
of glue line,
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Table 5. ¥-value & Duncan’s multiple range
test of hlock shear strength according
t0 pressing pressure

Pressure (kg ch) | 6 9 12 15 F

Table 6. Block shear strength according to
pressing time

Test Errgsesx ng Block shear strength (kg cd)

(hrs.) i 2 13 4 5 6  [Mean

5 186.9/849 886,908 715! 77.8] 83.4
Dryl 10 99.4]96.4{101.2] 97.4) 94.3] 97.7] 97.7
test| 20 125.1{121.6{130.8/120.4/120.8120.2/123.2
30 1126.30121.9{127.4/123.1.122.7,122.21123.9

5 508|531]5111523 449] 535 509
Wet| 10 634|598| 644 640 599! 6411 626
test] 20 69.4[70.0| 629, 700 681] 70.9] 697
30 81.0{81.4]815 799 80.7| 79.8 807

51156 136) 17.1] 17.3 12.2] 122 14.7
Hot! 1p 1231|219 214! 232 202 203, 21.7
& | 20 1305|279 304|282 30.8] 28.4] 297

93.61114.5 |108.2 |128.6 [18.50**

Dry a b b ¢
Block £4.6) 7821 72,9 | 797 112 44™*
Shear

Wet a b 4] b
Strength ppn o
(kg ) 3061433 26,81 251 24.47
o Hot & Cold| a b a a

*x Significance at 1% level
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Fig. 2. Relation of pressing time to wood
failure.
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Table 7. F-val ue & Duncan’s multiple range
test of block shear strength accor-
ding to pressing time

Pressing time(hrs.)] 5 |10 | 20 | 30 | F
83.4 9771232 [123.9 |211.3%
Block Dry a | b ¢ ¢ e
shear 50.9/62.6|69.7| 80.7|102.6
strength Wet a |b |c d
(kg erd) 14712170297 | 42,0352 7%
Hot &Cold { a | b c d

** Significance at 1% level.
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Table 8 Block shear strength according to
amount of spread

Block ﬂheak strength (kg.”ch)

1 2 3 4 5 6 |Mean

54 | 933/ 8B9.7| 91.5] 88.0|97.3
8 113.7/121.9]112.0{118.4[120 1 [106.4| 154
7 1129.91126.31131.7{131.0 129 1 132.7/130.1
112.5/114.2/108.8 /1126 113 4{118.8(113 4
54 | 505! 47.2] 50.6] 49.0] 49.0! 50.3| 49.7
66,0 80.0| 589! 70.1. 71.1] 66.8| 688
72.6 66.8) 71.4 754 74.0| 786! 731
567 624 62.3| 62.1|65.7| 69.11 63.1
54 | 28,6 382] 285| 34.8| 250 283! 30.6
49.0; 39.1| 40.1] 49.1] 42.2] 46.8] 444
490{ 435! 46.8] 46.6| 45.3| 48.4] 46.7
296| 20.8) 240 298, 25.1| 224| 26.8

91.1] 91.8

Hot

Cold}

80+ ¥ ]

40+

wood failure(%)

54 108 217 324
Amount of spread (g «f)

Fig. 3. Relation of amount of spread to
wood failure.
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Table 9. F—value & Duncan’s multiple range
test of block shear strength accor—
ding to amount of spread

Amount of spread .
@/ ) 54 | 108 | 217 | 324 F

91.8(115.4(130:1]113.4(84.73%*
Dry a b c b
Block T

497 685) 731 63.1] 2%5”**

shear i
strength Wet a | be c b i

(kg e | Hot &|30.6 | 44.4| 46.7| 26.8|4225%*
Cold a = b | b | a|

-

** Significance at 1% level.
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Table 10. Block shear strength according to

hardener o
@E Block shear strength (kg./ cf)
Test | >3 f—r T
L1020 30 4 5 | 6 Mean

10 [121.3 103.3{119.8 [106.8|124.9(112.7:114.8
. 20 1106.9 103.31108.7 1101.4108.01109.7{106.3
Dry 30 [100.0116.8/117.2120.91107.11105.6{111.3
40 1999 97.2{100.6104.3104.1| 887} 99.1

10| 77.1|724] 651 68.0 806! 763| 733
20 1 59.6|638| 684 62.4| 71.0] 638 665
30 | 65.7| 66.8] 67.3| 62.3] 65.2| 60.5| 64.8
40 [59.7|56.5| 53.9| 61.5| 55.7| 59.2| 57.8
10 1346362 324] 28.7(37.6| 356/ 35.9
Hot &| 20 | 29.6|298| 24.0| 298| 25.1| 22.4| 268
Cold | 30 | 33.5|36.9] 34.7] 34.9| 40.5| 33,5/ 357
40 | 16.0]15.5] 199 10.8] 14.7] 17.0 15.7

Wet

2%, Table 10014 FE{LEE 40% RIUUW ZEH®
B "ol Al A iR MR BAME 48t £
53] puMEE ] Aol ole| gEELE WEe® A os
ok WHEMERBE R Mk ¥ HiEKEEREE

By

100+
80+
T 60F
=
:E
= 40F
<]
3
20k &
™. A
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A i 1 j:!_
10 20 30 40

Hardener (%)

Fig. 4. Relation of hardener to wood failure.
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Table 11. F-value & Duncan’s multiple range
test of block shear strength accor-

ding to hardener addition
* Hardener (%) 102 130 [40] F

114.8 [106.3/113.3|99.1, 5.58**

Block | DY (b |abjabjal

shezr 1733 665 648(57.8/12.43%*
strength | Wet | ¢ be{ b | a

kg~ ct) 359 | 2681 35.7]15.7[57.57**
Hot & Cold| b a b a

** Significance at 1% level.
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Table 12. Block shrength according to

extender
Test X'd Block shear strength (kg/c)
Uy 11 2131 4] 51 6 [Mean
0 123.5]132.4]121.8/136.9/116.7|143.9{130.2
Dey | § [16:9/125.2/1187 118.0{116.1/119.7/119.1
™10 [125.7112.2)133.8 97.7/116.7/110.5116.1
15 [116.4[114.3{117.2] 94.1| 94.6/112.2/108 1
0 |735]76.6|89.9] 82.1| 92.9] 91.4] 84.4
Wer| 5 [746]688|73.4) 77.4) 760! 806, 75.1
110 |70.3] 63.2] 83.5 69.3| 81.9) 63.9] 721
15 |66.1] 62.4| 57.0) 59.2| 52.2| 66.1] 60.5
Qo | U |439]390] 420 44.4) 405 408) 421
8‘: 5 119.9]29.6] 29.8) 24.0| 25.1] 22.4 25.1
Colgl 10 ]2031223) 173 15.4) 114 117] 164
15 | 3201299 32,0/ 32.7| 29.8 30.4] 31.1
100}
80}
§
2 60
2
3 \\
'§ 40+
z === Dry
, ===~ Wet
20k —-—H&C.
.
L I h‘","——-/?
0 5 10 15
Extender (%)

Fig. 5 Relation of extender addition to wood
failure,.
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Table 13. F-value & Duncan’s mutiple range
test of block shear strength
according to extender addition

Extender (%) 0 5 10 | 15 F

130.5 1181 {1161 |108.1 | 5.70**
Block ) _f.)ry b b ab | a
shear 84.4 1751 (72,1 |60.5/11.99%*

Wet b b ab! a |

Hot &} 42.1 1251164 | 31.1 67.34**
Cold | a | b ¢ d |

strength
(kg c)

!

*x Significance at 1% level.

3.3 &EEHER
28 2718 30 X 30 x 480mmR —EE A FHTA
ghol kel FA & #@{kAH 2ply, 3ply, S5ply®
WEs SEERAY EEEA A kP 4 EBHE
ol W Yo ¥ YAFEKE solid et Eed
i % Table 149 zrh

Table 14, Bending strength and bending
young’'s modulus according to
number of ply

:
i

29| Z|Bending strength | Bending young's

53 lo B modulus ‘
g8lzgl (o (kg/c)  (X10°)
28] gl 1]2] 3 Meal 1 |2 |3 |Mean
. |solid705/755!749 | 723 1623]542(554 ] 57.3
S | 2 [B04i777806 | 796 58.0164816291 61.9
g | 3 6817026611681 |53.2(57.5(546| 551

5 1673668636 | 659 166.2|70.1|p52! 67.2
solid"lOS 755769 | 743 [62.7|56.3|57.5| 602
2 |8571814|849 (840 [93.6]79.4179.0] 84.0
3 1T191671|721 {705 {67.5[62.3|66.4| 654
5 |691/660(704 {685 [75.4{69.9]71.2| 722

[BIU0ZLIO}
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Table 15. F-Value & Duncan’s multiple range
test of bending strength and bending
young's modulus according to
number of ply.

Number of ply  fsolid 2| 3] 4| F
723796681 659, o
Bending Vertical albja al“"
strength
(kg oty ‘ 74318401 705 685‘25.4**
Horizontal] a | b| a | a;

. 57.3161.9155.1167.2;
Bending Vertical b - 6.8%*
young's ertical | a |a 2|
modulus 60.2 84.065.4 72,2i37 e

(kg /et) (x10D!Horizontal| & |a | a | a S

#* Significance at 1% level.
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48] iviel EEmR T FE SMMEoR A o
Higel 2 Winsta e F& (pirus thunbergi)
PR M AR AN RESBESSE €8
Blo] HIMERE1( 6,9, 12, 15kg ch), IMEREHICS5, 10,
20, 30hrs.), DI EINECO, 5 10, 15%), MALAIR
D810, 20, 30, 40%) o EARS, 10, 15, 20 B)5
EHEREY #LE WEBESd oA, NAERRRE
Ae) FHBEE B s Bk plyssl oKl
fbel HdwE My SRS gh%d o&n 2
=3

1) mMERE hel ok wEE o MAESREE 15
kg/cAd W AR w0 WERAKEEEEE Qkg/ odd
o A oo, MRl A BEE, &K, @R
KEERE 25 NSl d4& HBEEES B
kg ok,

2) HEMEARN T8 EERERLE HiE w
K, BEAKEE 25 268 2081 Y o A3 =
A ety

3) EEN A EAM(10% NH O FEniE
B EEREE WA, K, WEKEER L5 /i
Bimgel Wm¥ $% BT, SERRDE
ol e FminEel BmY £% ETFsdey 10%0
Eol A xEElise] s Bosiach

4) BEHA ply®ol =& HoEE 4 ¥3m% R
Bl A 2ply Bl#ZL A% EFstn, EEE
W EEFER T KPAES o RS BEE o
Eb i o,
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