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A Study on the Fabrication of the Laminated Wood Composed of
Poplar and Larch*

Jaemyeong Jo** Sun Goo Kang*¥* Ki Hyeon Kim#**

Byeong Jae Chung***
SUMMARY

1. Various gluing qualities applying Resorcinol Plyophen 36000 were studied on aiming the strength
relationships of laminated woods resulted by single species ['poplar (Populus deltoides), larch(Larizx
leptolepis)], mixed species of (poplar and larch), preservatives, treated poplar the scarf joint with
mixed species of poplar and larch and the scarf joint treated with preservatives.

1.1 On the block shear and on the DVL tension test, the mean wood failure ratio showed an exce-
lent value ie., above 65% and the tangential strength for larch was higher than that of radial, but
it was reversed for poplar as shown in Tables 1 and 2,

1.2 The lamina treated with Na-PCP reduced slightly the strength but the limited strength allowed
for manufacturing laminated wood was not influenced by treating Na-PCP as shown in Tables 3 and 4.

1.3 The safe scarf ratio in the plane scarf joint was above 1/12 for larch and 1/6 for poplar reg-
ard less of the chemical treatment or untreatment as shown in Tables. 5, 6, 7 and 8.

9. In the normal and boiled state, the gluing quality of the laminated wood composed of singlel poplar
(Populus deltoides), larch (Lariz leptolepis) and double species (poplar and larch) glued with Resor-
cinol Plyophen #6000 were measured as follow, and also represented the delamination of the same Jlamin-
ated wood.

2.1 The normal block shear strength of the straight and curved laminated wood (in life size) were
more than three times of the standards adhesion strength. And, the wvalue of the boiled stock was
decreased to one half of the standard shear adhesion strength, but it was more than twice the standard
strength for the boiled stock. Thus, it was recognized that the water resistance of the Resorcinol Plyophen
6000 was very high as shown in Tables 9 and 10.

2.2 The delamination ratio of the straight and curved laminated woods in respect of their composi-
tion were decraesed, in turn, in the following order i.e., larch, mixed stock {larch--poplar) and
poplar. The maximum value represented by the larch was .3.5% but it was below the limited value

as shown in Table 11.
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3. The various strengthes i.e., compressive, bending and adhesion obtainted by the straight laminaced

wood which were constructed by five plies of single and double species of lamina i.e.,, larch (Lariz

leptolepis) and poplar (Populus euramericana), glued with urea resin were shown as follows:

3.1 If desired a higher strength of architectural laminated wood composed of poplar (P) and larch

(L), the combination of the laminas should be arranged as follows, L-+P-+tL+P+L as shown in

Table 12.

3.2 The strength of laminated wood composed of laminas which included pith and knots was con-

side rably decreased than that of clear lamina as shown Table 13.

3.3 The shear strength of the FPL block of the straight laminated wood constructed by the same

species which were glued with urea adhesives was more than twice the limited adhesion strength, thus

it makes possible to use it for interior constructional stock.

" g

zEebot dEGAYTE S42Y $T08 H
HEw oo F2eA 24 24 e o
rb g gloh et ol g9 ol §x FAlst
8.9 <kA3E slste] dge R £ Ak Al
Az o gY +
o2 A AANA 1967
Fof A4 AzzAE THi fled £
F Akt wlAzbx 2Febe d Bl Ay A,
scarf 245, WA, 2Rk 4H, scarf A
4‘3”54- AdyEA, 2F AA4AY AEzFEA E o

T FARAAAA Az g =¥ HAF
A3} lamina #Ae] A4 A wAL o
g A5k chgsk 2 AEE g

1. A &#] Resorcinol Plyophen #6000 23 =&
(Populus deltoides) 8} 4 £ A} F-(Larix leptolepis)
o gy F, olF WAAE, e, nR A
3 scarf & 4%
9 WhEse]| v 58] scarf A4 A4S THY A

1.1 Block = _2} ol ‘il:"c}/ﬂt& A8 9_]7;1- 24

Sl
o

|

o

m

A9 st gE “&"‘.—%
Hel F¥Fete 4

> ﬁrm
s
2oL e
T

S
i

=
[
3

=
=
T

o
we] 7inkd W, ‘Q%‘” 7“4‘“‘1:”—‘3 Aukdol Frkwl A
ok Aol okzabglet(x 1, 23k,

1.2 934 Na-PCPX: resorcinol A ###
RAH 9 st o A4 Axe] aTHE AH
Aol = F3Fstx FRHE 3, 432D

_1_0‘

1.3 Plane scarf joint & 2k 9le] 4 <bAl3dF scarf
v o] B g 1/120] 4, wlF 1/60] Abe] 87 5]

i whEsie] v 54 plane scarf joint % A8 gkml
scarful £ FA{ el alsh ol 1/6 ol4bel aFHArt
(% 5,6 7% 832,

2. A2 Resorcinol Plyophen 360000} ¢ 3t o] &

]
~§%4%ﬂtng**“*ﬂ*%%ﬁa@mq

o
=
=% e
2
3
_\;L
93‘4
oo
It
=
ffﬂ
o -
,&
i
3
4,
_Q;
s
o
1=
AR
2
"

ol ¥k A= 3““"“ T At

1408 B4, a3 444 block sl Aal

= 64%' HAld A ee] 3w ojdelg e

& 93 Axe 128 2

5431_.2»}, fﬂ% z‘eli 71% ey A 2
1 [e]

el el =

=,
J‘;{:‘
oy B
}'(‘x

aL
e dEdAgFe FAAANE5%)
24 #4 34 ANEgarl Adch (B 11333)

3. urea <= A ZAle} 3 ol e8] 2F e (Populus
euramericana)¥} 4By )G g, o) FE ul
lamina Ao w2 5 ply 74 53 3AA2 A=
A, GEAE A S8 4 dEe) AA44AFE

T 23

81444 EA aFAE A% TEEAE T
2 ol £¥elsl YRUAITE 43 T4 A4
AE AZY Al 5 THL

m«)
.
N
i
M2
i
Ay
~ja
p—e
—+
2]

(el 8] 2Fel)+L+P+LE 3}
(= 123=2)

3.2 43 %l & 7/H¥ & laminaz T4 A
e AA Axd ¥24 lamina® TAE HAH
TRt @ AEst gas =g AR5 oTEE T

Z 84 248 A4 ﬂ*l ]L ol ¥ A FAH £
AA el Hassivh (& 13382)
3.3 4dd A A4 Zﬁﬂ FPL Axt Abel A 27
B 5E HaE e AR 24 olgez
urea =3 Q4 2AA 24 olE FFY WATERE A4A
Az7t 7Hgsked =

\‘]F
=
°,
of
lofs
o0
8
iy

{



19741 44

Eeheh

ol el P
G A4

A A Zef g AT

27

# 1. Block shear FGHZIE AIE0 2j8 &4

Table 1. Adhesion strength resulted by block shear test

+ 2 la v % 9§y AT o) 5+ B A
= = = Poplar (P)* Larch (L)*? Mixed stock (P-+L)
Kinds Surface 7 o E3 R o ES o 7 o} EX o
Radial Tang. Radial Tang. Radial Tang.
I 0
7 2 B Max. | 101.0 111.0 154.0 124. 0 94. 0 101. 0
Adhesion stength Min. 65. 0 91. 0 81.0 79. 0 59.0 37.0
(kg/cm®) Mean 80.0 100. 4 110. 2 95,2 70.9 76.8
% st & | Max 100.0 100. 0 100. 0 100.0 80.0 85.0
Wood failure Min. 55.0 70. 0 70.0 55. 0 60. 0 55.0
(%2 Mean 80. 01 85.0 81.0 76.0 68.0 65. 0
L *1 Poplar: Populus deltoides
Note *2 Larch: Larix leptolepis
H 2 olF Hoh Z2: AW 28 HAds
Table 2, Adhesion strength resulted by tension test
+ N 0] 7 o el gy o) ey A
o i = Poplar (P) * Larch (L)*® Mixed stock (P+L)
Kinds Surface | 7 N I - g EF ow
Rad.** Tan. ** | Rad. Tan. Rad. Tan.
kS| 2 G Max. 59. 0 82.0 77.0 71.0 62.0 75.0
Adhesion stength Min. 33.0 52,0 53.0 45.0 46.0 51.0
(kg/cm?) Mean 50. 4 63. U‘ 62.3 57.0 53.3 58.5
£ b & Max. 100.0 100.0 100.0 100. 0 100. 0 100.0
Wood failure Min, 50.0 45,0 60.0 55. 0 7.0 60.0
(%) Mean 93. 0 86. 0 90.0 89.0 93. 0] 78.6
o *1 Poplar: Populus deltoides *2 Larch: Larix leptolepis
Note *3 Radial section *4 Tangential section
E 3. Block Shear MEIZI AIE0 28t WEX2| niBe) S
Table 3. The block shear strength composed of poplar (Populus deltoides) lamina treated
with preservatives
T 2 oa o9 Na-PCP Malenit (PF) T e g O
Kinds Surface Rad. Tan. Rad. Tan. Rad. Tan.
= 2 # Max. 102. 0 102.0 93. 0 103.0 92. 0 110.0
Adhesion strength Min. 71.0 80.0 79.0 87.0 8L.0 87.0
(kg/cm?*) Mean 85. 4 89. 3 86.3 92. 7 86.7 95.9
5 = E (%) Max. 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0
Wood failure’ Min. 75.0 70.0 85.0 90. 0 80,0 90.0
(%) Mean 93.0 94. 0 97.0 94,0 95.0 96.0
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Table 4. The tension strength composed of poplar (Populus deltoides) lamina treated

with preservatives.

“ ;e Na-PCP Malenit (PF) Untreated
Kinds Rad. Tan. Rad. Tan. Rad. Tan.
4 a4 7 Max. | 79.0 79.0 85.0 89.0 85. 0 80.0
Adhesion strength Min. 55.0 58. 0 62. 0 61.0 59.0 62.0
(kg/cm?) Mean 65. 1 63.1 72.5 69. 2 68. 4 72.4
E sip & Max. 95.0 100. 0 100. 0 100. 0 100.0 100.0
Wood failure Min. 65. 0 85.0 70. 0 90.0 90.0 90. 0
(%) Mean 90.0 94.0 90. 0 94. 0 93.0 4.0
H 5. 0|F2 plane scarf joint AR YL X FEES| BIE
Table 5. The bending strength and the ratio of glue line failure in scarf joint composed
of poplar (Populus deltoides)
T u £ 7tz a} Scarfing ratio
Kinds 1/4 1/6 1/8 1/10 1/12 1/14
3 7 X ‘ Max. 689.0 750. ¢ 822.-0, 858. 0 741. 0| 871.0
Bending strength Min. 250. 0 464. 0 500. 0 508. 0 533.0 533.0
(kg/cm?) Mean 498. 5 578.3 639. 6| 699. 0 641. 0 660. 1
N
Glue line failure of 32.0 0 0 0 0 0
scarf joint (%) o
H 6 YEUULIFL| plane scarf joint MEE 2T U FHEo Hing
Table 6. The bending strength and the ratio of glue failure in scarf joint composed of
larch (Lariz leptolepis)
+ N ' 27+ 8] Scarfing ratio
Kinds 1/4 1/6 1/8 1/10 1/12 1/14
% 7+ . Max. 993. 0 1,155.0 1.453.0 1,382.0 1,623.0 1,606.0
Bending strength Min. 525.0 905.0 819, 0 1,027.0 828.0 754.0
(kg/cm?) Mean 740.3 1,019.6 1,114. 5 1,194. 6 1,202. 8 1,245.2
03 3
Glue line failure of 53.0 44. 0 3.0 34.0 0 0
scarf joint (%) -
B 7. WX 2| 0]82 plane scarf jointe] HEAYTE
Table. 7. The bending strength of scarf joint composed of poplar (Populus deltoides)
lamina treated with preservatives
. _ - = H g
iitﬁ:; Na-PCP Malenit(PF) Untreated
ratio Rad. Tan. Rad. Tan. Rad. Tan.
| Max. 521 619 538 617 633 586
1/4 Min. 388 362 401 342 466 392
} Mean 467 500 471 485 538 457
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Max. 520 581 571 571 | 581 574
1/6 Min. 427 375 386 419 i 410 390
Mean 470 502 471 487 | 486 477
Max. 615 670 586 623 | 673 607
1/8 Min. 437 484 426 499 ; 464 436
Mean 533 554 509 559 i 545 494
Max. 564 630 586 618 633 630
1/10 Min. 427 478 412 481 469 429
Mean 502 | 568 490 534 536 538
Max. 607 664 584 605 640 591
1/12 Min. 390 406 385 458 423 346
; Mean 499 527 504 541 493 489
Max. 582 639 | 597 604 623 | 751
1/14 Min, 437 420 385 475 396 497
Mean 523 536 521 540 532 560
E 8 WgXz 0|72 plane scarf joint YAz AN A8 HLFaEo FUE
Table 8. The ratio of glue line failure resulted by bending test in scarf joint composed of
poplar (Populus deltoides) lamina treated with preservatives
o 2 Al 2k w 2 7b=u] Scarfing ratio
Preservatives Surface 1/4 1/6 1/8 1/10 1/12 1/14
Rad. 80 0 U 0 0 0
Na-PCP Tan. 70 0 0 0 0 0
Rad. 30 0 0 0 0 0
Malenit (PF) Tan. 60 0 0 0 0 0
RS ] 7 Rad. 10 0 0 0 0 0
Untreated j Tan. 40 0 0 0 0
H 9 AoE ANl He) FHHAFD 2x o BOg
Table 9. The normal block shear stength and the ratio of wood failure tested by
servicahle dimension
| |
A3 A A g A | AR 5l % Poplar (P)* @ #2492 U-FLarch(L)* 0] F-4 £ A F(P+-L)
Sample Hags | Eab§ VU AEAR | ek g | ARy E | sk $
Form of stock No. Strength | Wood | Strength Wood \] Strength | Wood
(kg/cm®) | failure (%) (kg/em?) failure (%){ (kg/cm®) | failure (%)
= H A 1 154.0 93.0 179.0 79.0| 157.0) 92.0
Straight 2 151. Oi 97. 0 202.0 74.0 150. 0% 93.0
laminated 3 154. 01 99, § 157.0 68.0 151, 0; 83.0
wood JTAv 153.0| 96.3 179.3 78. 7} 152.7] 89.3
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o v |
ak = # 1 140.0 90.0 154,90 77.0 160.0 84.0
Curved 2 145, 0 91.0 155.0 83.0 156. 01 84.0
Iamiélated 3 151. 0 95.0 170.0 71.0 156. ﬂi 78.0
woo AFAv. 147.3 92.0) 159. 7 77.0 157.0 82.0
& 1 *1 Poplar: Populus deltoides
Note *2 Larch: Larix leptolepis
E 10, 8 EENe S0 HEEozs W SOg
Table 10. The block shear strength and the ratio of wood failure of the boiled laminated
wood tested in servicable dimension
i
% 5| " F R o] % 3
AgAga | A o2 4 3 Poplar (P)* v Larc};IE CL);; (P—E}_)
Form Wood Wood Wood
of stock Sample No: A(i ;tre?\g. failure Adl; S/tre?g. failure Acll{ S”e?g' failure
g/cm”) (%) (kg/em?) (%) (kgfem?®) (%)
S 1 57.0 93,0 71.0 89.0 70. 0 97.0
IStrqightd 2 65.0 91.0 76.0, 75.0 55.0 70.0
amimate 3 58.0 94.0 79.0 74.0 49.0 87.0
3 F Av. 60.0 92.7 75.3 79.3 58.0 84.7
 F A 1 65.0 79. 0| 74. 0, 88. 0| 69. 0 71.0
1Cur.ve:d i 2 55.0 86.0 58. 0 66. 0 72.0 7.0
qate 3 58.0 93.0 67.0 4.0 4.0 93.0
3 & Av. 59.3 86. 0 66. 3 76.0 7L 5 87.0
i *1 Poplar: Populus deltoides
Note *2 Larch: Larix leptolepis
11 Aty EHaMe| Fyaue|
Table 11. Delmination of the straight & curved laminated wood tested in servicable dimension
o o) LB z
AAAY Y A 3 uZF’IQplar (P)I‘ %a%:}xxz %Ij;g ° (PjiL) ’
Sample No. (% (%) (%)
Form of stock { e
& = el 1 0.4 3.2 8.9
]Straightd 2 1] 3.5 1.1
aminate 5
wood 3 0 3.9 2.5
3 T Av. 0.1 3.5 L5
ak = b 1 0.1 0.7 1.9
1Cury(—:d 4 2 0 0.1 0.8
aminate
wood 3 0.1 5.9 1.5
3 T Av. 0.1 2.2 1.4

&1 *1 Poplar: Populus deltoides
Note *2 Larch: Larix leptolepis
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Table 12. Bending strength of the laminated wood composed of different qualities and

species of lamina

! 5 . - ¥l 7| & =
g .8 T X . < G A
2 ! . Fiber stress at ° )
ghu} 8 A Sl A Ben?ﬁg}j&gﬂgth proportional 1\\(’401?% s
Lamina Lamina O limit_(kg/cm®) odutus
quality combination Max. i Min. ' Mean Max. ! Min. 2 Mean ‘| Max. : Min. fMean
oA & A L+HL+L4L+L* 758.31 656.3 699.7 357.0, 311.0, 337.0] 126.0 110.0| 115.0
Clear L-+P-+L-+P+L 689.5 525.0{ 630.3] 418.0/ 287.0f 351.0; 120.0/ 81.0; 99.0
lamina P+L+4P-+L--P 589.2| 422.2) 4986 338.00 2510 284.0, 87.0. 62.00 72.0
P-}-P+P-+-P--P* i 499. 3§ 4317 463.37  292. Oi 225.00  257.00 69. 0§ 55. 0‘ 59.0
SONLIRUIND B8 23 25 25 661.7 415.6 5188 357.0f 2220 272.0] 96.0 72.0] 87.0
! : |
incloded | pprp4PHP | 404 3150 3762 230.0) 198.0 21L0 7.0 60.00 66.0
£ oL A prpprptp 22,0 280.0] 368.7 216.0 169.00 1910 58.0 53.0 56.0
: : | i |
included | p.ypypipiPp | 396.7 2046 320.6 2220 149.0 188.0 60.0, 48.0 56.0
Zov %1 L: ol B A Larch (Larix leptolepis)
Note *2 P: o)e]e] =Fe} Poplar {Populus euramericana)
E 13. Blojue =E+14 ¥ g3 oE H4Axe] sgsds B S
Table 13. The endwise compressive strength and the adhesion quality of the laminated wood
compose of different qualities and species of lamina
5 E;ld:;;:se% 7 = A & A 5 Adhesion quality
2 u vod oA ghol T4 3 compressive - Strength Wood failure
Lamina . strength (kg/em?) o (kg/em?®) (%)
Laminaquality | combination '\ npox | Min, |Mean | Max. | Min |Mean |Mix. | Min. | Mean

F A4 4 A LA-L-ALAL4-L* 558.4 458.6) 509.3 108, 0. 850 97.0; 100. 0] 90.0/ 96.0

Clear lamina P+P~+P-+P+4-P 493. 5[ 382.4] 4357 94.0. 87.0 92.00 95.0, 85.0; 9L

0

P4-L+P-+1+P 408.3  347.& 379.3 95.0 85.0 90.0; 100.0; 90.0] 94.0
P--P+-P++P-FP* 1 314,50 279.2] 298.4 88. 0 88,0 93.0/ 100.0] 95.0; 99.0

oA A §L+L+L+L—+L o 420.1] 344.4] 388.4) 103.00 84.0] 0.0 100.0, 95.0] 97.0
Lamina included | p p.p i pip | 872 250.6] 265.0f 5.0 69.0  73.0| 100.0 100.0 100.0

pith

-8 0] 2 ‘"’i@_%ﬂi P+4-P+4P+P-P 300.20 2282 270.2 92. 0 76.0 84.0, 100.0] 95.0! 99.0
Lamina | Unity §P+PA§-P+P--§--P 267.1 233.6, 244.4 96. 0 82.0 92. 0| 100. 0] 100.0; 100.0

included
knot

A F 4ol PHPIPIPHP | 2705 233.9] 2440 89.00 7300 82,0/ 100.0] 95.0] 98.0
Multiple, P-+-P+-P+P-+P | 2452 2261 235.8 99.0] 840  92.0) 100.2] 90.0] 94.0

Z . ¥l L: @29 2% Larch (Larix leptolepis)
Note *2 P: o) 2] 2Fv} Poplar (Popuius euramericana)



