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Determination of Structural Member Section based on Nonlinear Behaviors of
Steel Cable-Stayed Bridges and Harmony Search Algorithm

Sang-Soo Ma', Tae-Yun Kwon’, Won-Hong Lee’, Jin-Hee Ahn""

Abstract: In this study, a determination method of structural member section based on Nonlinear behaviors of steel cable-stayed bridges and the
Harmony Search algorithm was presented. The Harmony Search algorithm determines the structural member section of cable-stayed bridges by
repeating the process of setting the initial value, initializing the harmony memory, configuring the new harmony memory, and updating the harmony
memory to search for the optimal value. The nonlinear initial shape analysis of a three-dimensional steel cable-stayed bridge was performed with the
cross-section of the main member selected by the Harmony Search algorithm, and the optimal cross-section of the main members of the cable-stayed
bridge, such as pylons, girders, cross-beams, and cables, reflecting the complex behavior characteristics and the nonlinearity of each member was
determined in consideration of the initial tension and shape. The total weight was used as the objective function for determining the cross-section of
the main member of the cable-stayed bridges, and the load resistance ability and serviceability based on the ultimate state design method were used
as the restraint conditions. The width and height ratio of the girder and cross-section were considered additional restraint conditions. The optimal sections
of the main members were made possible to be determined by considering the geometry and material nonlinearity of the pylons, girders, and
cross-sections and the nonlinearity of the cable members. As a result of determining the optimal cross-section, it was confirmed that the proposed analysis
method can determine the optimal cross-section according to the various constraint conditions of the cable-stayed bridge, and the structural member
section of the cable-stayed bridge considering the nonlinearity can be determined through the Harmony Search algorithm.
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Fig. 2 Detail of steel cable-stayed bridge for each member cross-section optimization
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Table 2 Main design variables for Steel Cable-stayed bridge in span
length 204.0m

Table 4 Main design variables for Steel Cable-stayed bridge in span
length 306.0m

Span Pylon Each member section detail Span Pylon Each member section detail
Sz Fax
length height = length height =
(m) (m) Member Type  Dimension (mm) Jicsign (m) (m) Member Type  Dimension (mm) Jaesign
Pylon Box 1001.5x1016x50 0.145 Pylon Box 1563x1505%50 0.152
344 Girder Box 504.5x1004.5x40  0.426 344 Girder Box 760.5x1523.5x40  0.430
" Crossbeam H-beam 301.5x104.5x8/12  0.813 " Crossbeam H-beam 591x188.5x10/18.5 0.887
Cable Cable 121 0.155 Cable Cable 231 0.542
Pylon Box 1004x1000x50 0.130 Pylon Box  1476.5x1408.5x50  0.131
Girder Box 503.5x1015%40 0.420 Girder Box 594.5x1420x40 0.734
204.0 43.0 306.0 43.0
Crossbeam H-beam  302x130x8/12 0.856 Crossbeam H-beam  325x130x9/20 0.883
Cable Cable 91 0.199 Cable Cable 156.5 0.630
Pylon Box  1004.5x1000.5x50  0.119 Pylon Box 1000x1003.5x50  0.113
16 Girder Box 514x1009x%40 0.412 iy Girder Box 595x1007x40 0.468

Crossbeam H-beam 302.5x125x8/12.5  0.849
Cable Cable 78 0.225

Crossbeam H-beam 303x218.5x8/12 0.649
Cable Cable 137 0.141

Table 3 Main design variables for Steel Cable-stayed bridge in span
length 255.0m

Span  Pylon Each member section detail £
length height ==
(m) (m) Member Type  Dimension (mm) Jiesion
Pylon Box 1415%1366x50 0.135
Girder Box 527x1246x40 0.567
344

Crossbeam H-beam 318x138.5x8/17 0.812
Cable Cable 170.5 0.583

Pylon Box 1005%1003x50 0.127
Girder Box 547x1009%40 0.454
255.0 43.0

Crossbeam H-beam 315.5x159x8/14.5 0.791

Cable Cable 125.5 0.151

Pylon Box 1008x1000.5x50  0.117

S16 Girder Box 543x1010.5%40 0.459

" Crossbeam H-beam 306.5%139.5%8.5/15 0.851

Cable Cable 98 0.187
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