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Abstract

This paper presents a three degree of freedom mass-spring model for simplified calculation of ve-
hicle impact with rigid and flexible height restriction barriers, and compares the calculation re-
sults of the simplified model with the finite element models of the two types of height restriction
barriers in terms of impact force, displacement, and other aspects. The results show that the cal-
culation of the impact force, cumulative impact impulse, peak impact force, vehicle displacement,
and displacement of the overhead beam and column in the flexible height restriction barrier is
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more accurate. The calculation error in the rigid height restriction barriers is relatively larger, but
within an acceptable range, indicating that the mass-spring model has high applicability and ac-
curacy for the impact problem between vehicle and height restriction barrier.
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Figure 1. Mass-spring model
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Figure 2. Quasi-static displacement loading of vehicle
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Figure 3. Vehicle boundary force-displacement curve
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Figure 4. Quasi-static displacement loading of rigid limit elevated frame
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Figure 5. Boundary force-mid-span displacement curve of rigid limited overhead beam
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Figure 6. Boundary force-mid-span displacement curve of rigid limit elevated column
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Figure 7. Quasi-static displacement loading of flexible limit elevated frame
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Figure 8. Boundary force-displacement curve of flexible limit elevated beam
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Figure 9. Boundary force-displacement curve of flexible limit elevated column
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Figure 10. Comparison between rigid limit overhead finite element model and mass-spring model
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Figure 11. Comparison between the finite element model of flexible limit overhead and the
mass-spring model
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Figure 12. Time history curve of impact force under different beam wall thickness
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Figure 14. Time history curve of impact force at different vehicle speeds
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