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ABSTRACT

This study was carried out to scrutinize possibility of manufacturing pitch pine (Pinus rigida)
glued laminated timber in order to add values of pitch pine trees. Also, it was investigated to im-
prove hending performance of pitch pine glulam. Pitch pine was imported as one of major planta-
tion species in Korean peninsula. Machine stress rated grades of pitch pine lumber mostly ranged
between E7 and E9, which grades were more or less inferior to producing high quality glulam.
However, the adhesive properties between pitch pine and pitch pine, and between pitch pine and
Japanese larch (Larix kaempferi Carr), such as shear bond strength, wood failure rate and de-
lamination rate of bonded layer submerged in cold and boiling water, were higher than Korean
Standard criteria. These properties are essential for manufacturing glulam with single species or
multiple species. The modulus of rupture (MOR) of pitch pine glulam exceeded the criterion of
Korean Standard for glulam strength grade but modulus of elasticity (MOFE) was lower than the
criterion. On the other hand, the bending performances (MOR and MOE) were improved 20 per-
cent by mixing with Japanese larch laminar. Tt is effective to arrange higher quality Japanese larch
laminar at the outer layer of glulam for improving bending performances. In conclusion, it is pos-
sible to use low quality pitch pine as laminar of structural glulam for adding values of pitch pine.

Keywords: pitch pine, Japanesc larch, glulam, MOR. MOE, adhesive properties
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Table 1. Ratio of laminar grades rated by dynamic MOE (%)

Species Off-grade  ES E6 E7 E8 9 E10 Ell E12 El4 E16
Pitch pine 31 70 132 237 189 175 88 48 26 04 00
Japanese larch 00 00 30 151 23 23 181 102 78 06 06
25
W Pitch Pine ‘
OJapanese Larch |
20
’B—é 15
2
£ 10
I I -
off- E8 E9 E10 E12 E14 E16
grade

Laminar grades rated by dynamic MOE

Fig. 1. Ratio of laminar grades rated by dynamic MOE.
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Table 2. Shear bond strength and wood failure depend on the species

Amount of Pressing Shear bond »
Species* applicated adhesive  pressure strength \Wooc(io/(f ;31 lure Remark
(g/m?) (kgf /cn®) (N/mm?) ‘
10 71
250 %
p 12 76 9
300 10 82 % M od
easur
2 83 9%
8 100
P+L 300 %
10 103 98
KRP 81 97
KpP 85 97
L 99 94
KRP + KP 300 12 47 % Shim et al, 2005
+ .
KRP + L 93 94
KP +L 79 98
Standard 71 60 KS F 3021

* P : Pitch Pine, KRP : Korean red Pine, KP : Korean pine, L : Japanese larch
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Table 3. Delamination ratio of bonded layer submerged in cold and boiling water, %

No. of cycle

Testing methods Species*
sting s pecies ! 5 3 Z
p 035
Cold water S
P+L 003 + 014 059 + 061 017 + 041 013 + 027
Boi ) P 048
1 ater
Hng ke Pl 008+020  028:038 016+ 034 017 + 034
* P : Pitch Pine, L : Japanese larch
Table 4. Lowest laminar grades required for s Ak

manufacturing 11S-31B and 10S-28B
glulam and distribution of dynamic
MOE in the cross section of three
pitch pine glulams (N/mm?)

Laminar grade

- P1 P2 pP3
11S31B  10S-28B

1 Ell E10 11,741 11,740 11671
2 E10 E9 10894 10985 11,063
3 E9 E8 9,742 9735 9088
4 E9 E8 9186 9597 9018
5 E9 E8 9179 9169 9153

6 E9 ES 10188 10225 10350
7 Ell E10 10772 10747 10593
8 El4 El2 12404 12572 13359
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Table 5. Mechanical properties of pitch pine glulams measured by bending test

Pl p2 P3 Average 11531B 105288
Predicted 143 1149 1138 1143
(10 N nEr 106
mm°)  Measured 924 767 879 857
MOR (N/mm?) 5017 3231 4200 4149 31 28

* Presented value should be compared with average, and result of each sample must be over the value in parenthesis

(KS F 302D

Table 6. Distribution of dynamic MOE in the
cross section of LP-type mixed spe-

cies glulams (N/mm?)

Table 7. Distribution of dynamic MOE in the
cross section of RA-type mixed spe-
cies glulams (N/mmz)

LP-1 LP-2 LP-3 LP-4 LP-5 RA-1 RA-2 RA-3 RA-4 RA-S
| 12220 12201 12118 11880 11824 1 13425 13300 1B2A9 13012 11699
2 Ne7 1094 1B6 118 11204 2 1464 11465 1L76 1491 11678
3 9938 9821 9810 9476 9421 3 10545 10,504 10454 10,423 10360
4 9264 9277 9328 9336 9303 i 9647 9765 9773 9785 979
5 9201 9,024 0,001 8947 8890 5 9641 0640 9626 9138 9045
6 9971 0994 10003 10089 10152 6 1058 10364 10568 10595 10638
71042 10962 10936 10908 10884 7 463 11383 | 1379 11328 11137
5 12394 D57 877 12905 12908 8 B BWE s 48T 1679
*[_]: Pitch pine, [7]: Japanese lLarch *[_J: Pitch pine, []: Japanese Larch
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Table 8. Mechanical properties of mixed species glulams measured by bending test

LP1 LP-2 LP3 LP-4 LP5 Average St dev
MOE Predicted 1163 1165 1173 1165 1164 1166
(10" N/mm’)  Measured 951 1059 1074 951 974 1002 060
MOR (N/mm?) 4777 5087 5734 4936 4783 5063 396
RA-1 RA-2 RA3 RA-4 RAS  Average St dev
MOE Predicted 1261 1258 1270 1273 1284 1269
(A0 N/mm®)  Measured 1131 952 1059 1051 1114 1061 070
MOR (N/mm?) 37.29 5070 485 6476 5694 5031 11
20,000 e ,
 |———P-3 (Pitch pine)
15,000 """" 'LP-2 (Mlxed spemes) et
E
T 10,000
S
5,000
0
0 10 20 30 40 50
Displacement(mm)
Fig. 2. Load-displacement curves of structural glulams.
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