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Numerical analysis for various design parameters should be preceded by optimal
design of composite materials. Numerous studies have been conducted on the
bolting of interconnecting beams. In this study, the response surface method was
applied to optimize the design of bolted joints connected by laminated wood
composite beams. The response surface was created by combining the FEA code
for composite analysis and the algorithm for forming the response surface.
Optimization on this response surface was performed with a genetic algorithm to
derive the results. The determination of the optimum bolt-hole position for the
connection of composite beams is an optimization problem. Tsai-Wu composite
failure index, maximum deflection, and simple von Mises stress are set as the
objective functions. It has been proved that the design results of the optimized

bolt-hole are superior to the design performance of the existing conventional
bolt-hole position.
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Table 1 Material properties of LVL

Material properties

E, (MPa) 13,789.51 Y. (MPa) 25.86
E, (MPa) 937.69 Z, (MPa) 1.38
E; (MPa) 1,406.53 Z. (MPa) 10.34
G2 (MPa) 965.27 S,y (MPa) 6.21
Gy (MPa) 96.53 S,, (MPa) 27.58
Gis (MPa) 965.27 Sy, (MPa) 6.89
X, (MPa) 4137 V12 0.335
X. (MPa) 51.71 V23 0362
Y, (MPa) 1.03 vi3 0.335
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32tk A (13)lA 09} 7= 27 288 (normal stress) T A
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Fig. 5 Geometry and FEA model for optimization
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Design variables
Xis VisXoys VosXss Vi Xys Vy 15)
Constraints
1) 76.2 mm < xi, X3, X3, X4 < 498.5 mm
2) 38.1 mm < Vis V25 V3, V4 < 264 mm (16)
3) 1.5d < h < 16d
4)4d <1
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stress (Case II), (3) displacement (Case III), (4) Tsai-Wu
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4 R0 AR A8l ek 2t Bagel A
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Table 2 Bolt hole position optimization results
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Initial | Case I | Case II | Case III| Case IV
| Tsai-Wu I\ZEI;S Max. | Multi-Obj
failure stress disp. | (I+II+II)
x; (mm) 95.3 77.0 78.1 130.0 78.7
y; (mm) 139.5 118.1 48.1 53.1 159.9
X (mm) 381.0 | 349.6 360.6 497.7 414.9
y, (mm) 139.5 113.0 129.1 85.0 1454
X3 (mm) 95.3 81.2 87.8 76.8 124.5
y3 (mm) 139.5 39.3 1304 112.7 40.9
x4 (mm) 381.0 | 426.2 474.1 490.2 462.6
y4 (mm) 139.5 39.4 250.1 73.6 259.1
Max.
Tsai-Wu 1.56 (1.23) - - (1.41)
failure index
Max. von
Mises stress | 7.35 - (5.36) - (6.18)
(MPa)
Max.
displacement | 0.67 - - (0.50) (0.62)
(mm)
Optimization 9.6
enhancement - 21.1 271 254 15.9
(%) 7.4
S AES EE E9 AAE HHOR ajxdithe 21E 9|
gt

H#3le] A5 Table 201 VERIASITE 2 74-9-0] s} A
I 2719] A gt st O 450 AjolE wEEE FA
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