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The Practice of Bending Deflection using Non-destructive
MOE of Glulam™
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ABSTRACT

In the glulam beam deflection it is necessary to check the reliability of theory formula, because
of wood anisotropy and wood qualities (knot, slop of grain). In this experiment, when bending
stress occurred on glulam, practice deflection of glulam measuring with AICON DPA-Pro 3D
system were compared with prediction deflection calculated as substituting MOE through
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non-destructive testing and static MOE through bending test in differential equation of deflection
curve. MOE using ultrasonic wave tester of laminae, MOE using natural frequencies of longitudinal
vibrations (Ea, Eg), MOE using ultrasonic wave tester of glulam (£g) and MOE using natural
frequencies of longitudinal vibrations (Ey) were substituted in this experiment. When practice
deflection measured by 3D system was compared with prediction deflection calculated with
differential equation of deflection curve, within proportional limit the ratio of practice deflection
and prediction deflection was similar as 112 and 114, respectively. Deflection using ultrasonic wave
tester was 0.89 and 0.95, Deflection using natural frequencies of longitudinal vibrations was 1.07
and 110. The results showed that prediction deflection calculated by substituting using
non-destructive MOE of glulam having anisotropy in differential equation of deflection curve was
agreed well with practice deflection.
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Fig. 1. Schematic diagram of bending tests.
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Fig. 3. Load-deflection curves (3 point bending).
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Fig. 4. Load-deflection curves (4 point bending).

Table 1. MOE of nondestructive evaluation
MOE (x10° N/mm?®)
Specimens 5 Combination of laminae Glulam

° B BB Er  EyE Fw  Ew/E  Ey  Ey/k

3P1 126 139 10 150 119 158 125 129 102

3p 3pP2 121 137 113 145 120 148 122 129 107

3P3 124 132 106 146 118 164 132 134 108

4P1 136 150 110 153 112 153 113 136 100

4P 4P2 133 126 094 150 113 168 126 138 104

4P3 129 139 107 146 113 156 121 136 105

4PL1 141 143 107 167 118 172 122 155 110

4PL 4PL2 139 137 099 153 110 172 124 152 109

4P13 142 85 060 159 112 171 120 155 109

4PL4 129 113 088 153 119 177 137 147 114

Average 098 115 124 107
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Fig. 5. 3D image for AICON DPA-Pro system.

Table 2. Deflection for AICON DPA-Pro system
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4 point

Deflection (mm)

X (cm) 0 15 30 % 60 75 0 105 120 135
0 0 09 254 471 647 878 964 1085 1166 1203
geggigé 20 0 145 518 94 1305 1637 1934 2166 2326 2402
Load 30 0 945 1598 277 2892 3474 307 4382 4687 4858
&N 10 0 03 217 38 55 679 792 857 884 888
éfe 58;2; 20 0 578 95 1309 1638 1906 2143 2288 2357 2377
30 0 916 151 2073 2601 3049 3426 3633 3762 3778
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F 1122 24K ARS BYm MEASFE 0.07 = FF 1.09, MEAS 0.182 ozt Axbr} 2o
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Table 3. Ratio of calculated deflection and actual deflection (3 point)

Deflection (mm)

Specimens h(:i](; 3D Bending Combination of laminae Glulam
actual g Ratio FEy  Ratio  Ey  Ratio Eg Ratio Ey Ratio
10 1203 1416 118 1290 107 1192 099 133 094 1391 115

3 20 2402 2832 118 2580 107 2383 099 2266 094 2782 116

3p2 10 1341 1476 110 B 097 1235 092 121 090 1391 104

20 2658 2951 11 2610 098 2470 093 2422 091 2782 105

10 211 1446 119 B3 112 1228 101 1095 090 1339 110

35 20 2956 2891 097 2726 092 2456 083 2190 074 2678 091

Average 112 102 095 089 107
(CV¥ 007) (008) ©07) 009 008)

* CV : Coefficient of variation

Table 4. Ratio of calculated deflection and actual deflection (4 point)

Deflection (mm)

Specimens %12131(% 3D Bending Combination of laminae Glulam

actual  EF Ratio FE. Ratio  Ef Ratio  FEu Rato FEy  Ratio

10 831 121 135 1018 12 1002 121 998 120 1119 135

4pP1 20 2513 242 089 2035 081 2003 080 1996 079 2240 089
30 3707 3363 091 3053 082 3005 081 2094 081 3358 091

10 888 1145 129 1207 136 1019 115 907 102 1109 125

4P2 20 2377 2289 0% 2414 102 2038 086 1814 076 2218 093
30 3778 3434 091 3621 096 3058 081 2721 072 3327 088

10 829 1184 143 1097 132 1046 126 978 117 1119 134

4P3 20 1823 2367 130 2195 120 2091 115 1956 107 2239 123
30 2889 3551 123 3292 114 3137 109 2934 102 3358 116

Average 114 109 101 095 110
(CV¥H 019 018 019 019 (018)

* CV : Coefficient of variation

Wud ol & udh 3.4.4. £,8 M88 X 0I5
WA 2e3 GASE AZE AP 5
34.3. £/2 MEE HA AS AEetzel A5 AT 089, WEAT 0.0901915 4
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S HAAFE AFF A4 2 AFS v



Table 5. Ratio of calculated deflection and actual deflection (4 point)

Deflection (mm)

Specimens %kolig 3D Bending Combination of laminae Glulam
actual  E Ratio Ey Ratio Ey  Ratio Ey  Ratio Ey Ratio
10 436 546 125 53 123 459 105 446 102 506 116
4PL1 20 1074 1091 102 1070 100 918 085 892 083 1012 094
30 1589 1637 1086 1606 101 1377 087 1338 084 1589 0%
10 323 550 170 559 173 502 155 446 138 514 159
4PL2 20 726 1100 151 117 154 1004 138 892 123 1030 142
30 1618 1650 102 1676 104 1505 093 1338 08 1545 095
10 547 538 098 9.05 165 502 092 448 082 5.06 092
4PL3 20 1061 1077 101 1801 171 964 091 8% 084 1012 095
30 1686 1616 096 2716 161 1446 086 B4 080 1518 090
10 539 595 110 681 126 s00 093 433 080 534 099
4PL4 20 936 118 127 1361 145 1000 107 867 093 1068 114
30 B9 1778 127 2042 146 1500 108 13.00 093 1602 115
Average 117 139 103 094 109
(CVH 023) 27 022) 1) 022
* CV : Coefficient of variation
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