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Abstract

Due to constraints such as right-of-way limits, existing structures, or landscape requirements in ur-
ban interchange ramps, steel box girder bridges with extremely small horizontal curve radii are
sometimes adopted. In such bridges, combined bending-torsion coupling effects, shear lag, distor-
tional warping, and transverse uneven compression at supports coexist, leading to significant dif-
ferences in deflection, stress, and reaction distributions compared to straight girders. Taking a
small-radius 90-degree curved steel box girder bridge as an example, a refined spatial simulation
of the full bridge was conducted using shell elements. The main conclusions are as follows: 1) The
spatial effects of the bridge were notable. Under dead load, the deflection at the outer side of the
mid-span section reached 1.48 times that at the inner side, which should be considered in camber
design. Under static live load, this difference was further amplified. 2) Local strengthening of steel
box components at supports should be emphasized to reduce the required bottom plate thickness
and save material. 3) Significant uneven distribution of support reactions was observed at the same
pier, indicating that different bearing types should be selected. 4) In interchange design, 90-degree
curved steel box girders with radii as small as 40 m may be used when necessary. However, design
should be based on refined full-bridge models and spatial influence surface results, with particular
attention to avoiding bearing uplift or even superstructure overturning risks.
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Figure 1. Overall layout drawing of the steel box girder (unit: cm)
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Figure 2. Refined finite element model of the steel box girder
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Figure 3. Deformation result of the entire bridge of the steel box girder (unit: mm)
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Figure 4. Mises stress result of the steel box girder (unit: MPa)
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Figure 5. Support reaction result of the steel box girder (unit: kN)
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Table 1. Natural vibration characteristics
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