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This paper describes a method to design a lightweight modular bridge for a
railway infrastructure system. A lightweight design was achieved using the
material selection method. Aluminum extrusions and honeycomb sandwich
composites were selected as the best materials to reduce the weight of the upper
structure of a conventional modular bridge made of carbon-steel material. The
structural integrity of the lightweight modular bridge was evaluated under
vertical and wind loads. The twisting and bending natural frequencies were also
evaluated to investigate its dynamic characteristics. The results showed that the
structural integrity and natural frequencies of the lightweight modular bridge,
made of aluminum extrusion and sandwich composites, satisfied the design
requirements. Moreover, it was found that the weight of the conventional
modular bridge made of carbon steel could be reduced by a maximum of 47%
using lightweight materials.
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Table 1 Design specifications of modular bridge

Width (mm) 2,400
Length (mm) 6,000
Height (mm) 2,000 ~ 4,500
Design load (ton) 7
Wind load (kN/m’) 1.5
Deflection (mm) 6
Natural frequency(Hz) > 10
Table 2 Regional basic wind speed
Type Region Wind speed
I Inland 30 m/s
I West coast 35 m/s
West-South coast
I South coast 40 m/s
East-South coast
v East coast Jeju 45 m/s
v Special region 50 m/s
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Table 3 Specification of upper structure

i

Materials Dimensions (mm) Weight (ton)
Steel 6,000x2,000x300 6.00
Al Extrusion 0.67
- - 6,000x2,000x150 ———
Sandwich Composite 0.71
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Table 4 Mechanical pmpelties[w‘lsl
Al Carbon Al
Steel Extrusion | /Epox Honeycomb
POxy Core
E: 134.6 0.001
E (GPa) | E, | 210 70 7.6 0.001
E. 7.6 0.105
Gy 3.6 0.001
G (GPa) | G - - 3.6 0.032
G- 32 0.032
. Vi 0.3 0.33
Polsson's 17 ™63 0.33 0.3 0.0001
ratio
Viz 0.5 0.0001
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Table 5 Structural analysis results
Steel Al . Sandwic.:h
Extrusion | Composite
Deflection 1.81 mm | 492 mm | 5.01 mm
Case | Von-Mises Stress |43.27 MPa|99.97 MPa| 0.53*
Case 2 Deflection 1.78 mm | 492 mm | 4.98 mm
Von-Mises Stress |42.54 MPa|99.48 MPa| 0.52*
Case 3 Deflection 1.78 mm | 493 mm | 4.97 mm
Von-Mises Stress |42.38 MPa|99.37 MPa| 0.52*
Mass 11.3 ton 5.9 ton 6.0 ton

*Tsai-Wu Index
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Fig. 12 Concept image of modular bridge made of aluminum
extrusion
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