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ABSTRACT

This study was carried out to evaluate the shear bond strength and adhesive bond durability of
structural glued laminated timber (glulam) manufactured with mixed species lumber of Korean red pine,
Korean pine and Japanese larch, using resorcinol adhesive and water-based polymeric-isocyanate
adhesive (WPI).

Each board used as a glulam lamina was graded by visual inspection. The visual lumber grade of the
all species was very low due to the large size and number of knots and the steep slope of grain. In view
of the results, appropriate pruning, sawing and drying processes might be needed to produce high grade
lamina lumber with small knot size and drying defect free.

Shear bond strength of every tested glulam specimen ranged between 79 and 99 N/mm? and much
higher than the Korean Standard (KS) for glulam shear bond strength, 71 N/mm? There was not much
shear bond strength difference between wood/resorcinol and wood,/WPL

The resorcinol adhesive bond durability exceeded KS requirements. However, delamination on the
end-grain surfaces of WPI glulam submerged in both room temperature and boiling water severely
occurred, and its durability did not meet KS requirements. Further investigations may be required, and
special care should be taken, to ensure long service life of WPI glulam used for exterior application.

Results of this study are expected to be useful for improvement of mechanical properties and
structural performance of mixed species glulam.

Keywords: Korean red pine, Korean pine, Japanese larch, shear bond strength, adhesive bond durability
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Table 1. Physical and mechanical properties and lumber grades of Korean red pine (Pinus
densiflora), Korean pine (Pinus koraiensis), and Japanese larch (Larix leptolepis)
Pinus densiflora Pinus koraiensis Larix leprolepis

Moisture content (%) 116 61! 133 (194) 115 (291)
Air-dry density (g/cm®) 050 (0.05) 050 (0.03) 060 (0.06)
Air-dry specific gravity 045 (005) 044 (005) 054 (005)
Ratio of center knot radius to
v ?umberewidtl(l (%) 03 450 30
No.l 31 30 82
Center , No2 63 90 263
knot Lumlzg/r)yleld No3 44 215 353
’ No4 251 305 203
Knots T Etc.d‘ 511 361 99
atio of edge knot radius c
to lumbegr width (%) 176 153 95
Nol 561 618 810
Edge _ No2 170 176 116
knot Lumlz(g/r)weld No3 126 125 56
’ NoA 126 69 17
Etc. 18 13 0
Width/length of check (mm) 08/1124 0.6/802 08/90.0
Check-developed lumber rate (%) 120 292 315
Nol 874 708 685
Checks No.2 27 73 3.0
Lumber yield (%) No3 54 150 198
No4 36 64 86
Etc. 09 04 0
Bow (mm) 28 21 26
Warp Crook (mm) 38 25 15
Twist (mm) 80 -63(Z-direction) 82
Modulus of elasticity (N/mm?) 9594 (2050) 11084 (1497) 12074 (2104)
Bis 0 0 09 nor
(>18000 N/mm”) M
E16 05 o 0 47 Noi
F14 58 Nox 50 Not 168 o1
Lumber stress . E12 54 o 172 nen 210 No2
grade | ygﬁglr“;ggdgz) Ell 135 xo2 343 Nos 285 nos
E10 135 Nos 232 Not 151
E9 220 125 Noz2 82
E8 206 72 Nos 35
E7 153 0 0.7
EG 34 0 0
Nol 05 22 30
) No.2 14 56 125
Lumber grade Graded lzj();n)l)er yield No3 7.7 140 323
’ No4 194 258 263
Etc. 694 519 259

1 standard deviation
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(%)
108
105
104

MC

WPI
(%)
963
99.7
950

Wood failure

B

Shear bond
strength
(N/mm
80
84
9.8

(%)
113
113
10.7

MC

Resorcinol
Wood failure
(%)

96.7
970
94.0

)

strength
81
9.9

Shear bond
(N/mm

Larix leptolepis

Table 2. Shear strength of adhesive bonds between wood

@ Pinus densiflora
@ Pinus koraiensis
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Table 3. Delamination on the end-grain surfaces of glulam submerged in room temperature water, %

Adhesive Resorcinol WPI
7 9 11 1 2 3 4 5 7 9 1
0 0 0 0 0 0 02 03 10 57 67 72 84 102 124 133
0 0O 0 0 0 0 0 01 09 24 29 30 31 35 43 48
@ Larix leptolepis 0 03 03 04 04 05 08 10 12 30 41 43 47 52 62 09
0
0
0

No. of cycle 12 3 4 5

@ Pinus densiflora

@ Pinus koratensis

0 0 01 02 02 03 04 24 37 51 54 5s56 62 70 75
0 0 01 02 03 04 05 0 83 84 98 109 122 1406 162
01 01 02 03 04 05 06 27 72 81 84 89 99 119 127
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Table 4. Delamination on the end-grain surfaces of glulam submerged in boiling water, %

Adhesive Resorcinol

WPI

No. of cycle 1 2 3 4 5 7 9 1 1

2 3 4 5 7 9 11

@ Pinus densiflora 0 01 02 04 04 05 06 08 65
@ Pinus koratensis 0 0 0 0 01 02 02 03 24
& Larix lepiolepis 0 01 02 04 06 06 08 08 61
@D+ 2 0 0 0 01 01 03 04 05 54
D+ QS 01 02 03 03 03 04 05 07 92
2+ 3 0 01 02 02 03 04 05 08 71

91 120 129 138 146 156 168
32 40 44 46 54 59 66
87 104 110 119 123 134 144
68 75 79 87 99 104 110
135 153 165 186 189 200 220
124 139 153 167 173 180 194

Table 5. The increased weight rate, moisture content, absorption
submerged in boiling water after soaking-drying cycles

rate, and drying time of glulam

Rate of increased

Classification weight (%)

MC (%) Absorption rate Drying time

(%MC/hr) (hrs)

No. of cycle 1 2 3 5 1 2 3 5 1

2 3 5 1 2 3 5

(D Pinus densiflora 593 963 1071 1180 787 1202 1324 1446 133
@ Pinus koraiensis 524 932 1025 1157 698 1153 1257 1404 117
@ Larix leprolepis 399 644 054 082 558 831 843 874 89

216 240 265 22 32 39 49
208 229 259 24 43 48 5
144 146 152 18 31 34 42

@D+ @ 531 871 1002 1128 708 1087 1233 1374 118 194 223 251 22 38 48 353
@D+ S 512 883 9561084 0687 1100 1182 1325 114 197 213 242 22 37 41 47
@+ Q@ 343 650 715 705 493 835 907 963 77 145 160 171 20 36 39 46
THE F71E weke] Bast) 9, 53 XMt AT dao) BT A9 AHE
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Table 6. Delamination on the finished and unfinished end-grain surfaces of glulam during outdoor

exposure testing, %
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