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ABSTRACT

Development of Roadway Structures to Enhance Efficiency and Safety Under Impact
Conditions The development of roadway structures to improve efficiency and safety in impact
scenarios—such as guardrails on curves, signage, and vehicle bumpers—is crucial. The design
process must consider several factors, including the shape and size of the structure, the
materials used, internal configurations, testing and analysis, and the implementation of
signage. The use of computer modeling for testing and analysis plays a significant role in
optimizing these structures. Additionally, the installation of road signs and the selection of
appropriate communication technologies are essential measures for improving road safety.
This study aims to evaluate the energy absorption capacity of aluminum circular tubes filled
with foam and coated with fiberglass under lateral impact using a flat indenter. The aluminum
tubes used in the study varied in foam density (60, 80, and 100 kg/m?3) and fiberglass thickness
(2, 4, and 6 mm). The analysis was conducted through finite element simulations of lateral
impact conditions.The findings of this research indicate that the highest energy absorption
efficiency was achieved by foam-filled circular aluminum tubes, followed by fiberglass-coated
circular aluminum tubes, while empty circular aluminum tubes demonstrated the lowest
energy absorption capacity. Further analysis of empty tubes revealed that aluminum tubes
with a 1-inch diameter exhibited the highest energy absorption, followed by 2-inch and 3-inch

diameter tubes, which absorbed the least energy.

For foam-filled aluminum tubes, the highest energy absorption was observed in 2-inch
diameter tubes with a foam density of 60 kg/m3, followed by 1-inch diameter tubes with the
same foam density, while 3-inch diameter tubes with 60 kg¢/m? foam density had the lowest
energy absorption. Regarding fiberglass-coated aluminum tubes, the highest energy absorption
was found in 2-inch diameter tubes with a 2-mm fiberglass coating, followed by 1-inch
diameter tubes with a 2-mm coating, while 3-inch diameter tubes with a 4-mm coating

absorbed the least energy.

In designing energy absorbers, it is recommended to use 3-inch diameter circular
aluminum tubes filled with foam at a density of 100 kg/m3. When compared to empty tubes
and fiberglass-coated tubes, this configuration demonstrated superior energy absorption and

impact efficiency.



