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Abstract 

Collision passive safety of rail vehicles has attracted increasing concern from the public society due 

to the continuous development of rail transportation, especially the increasing operation speed of high-

speed trains. Inspired by macro and microstructures of bamboo culm with highly efficient energy 

absorption capability, a novel type of energy absorber was developed in this study, aiming to enhance 

the energy absorption capacity and crashworthiness of the front part of vehicles, and further the passive 

safety performance of entire vehicles. Firstly, the low-velocity impact response of bamboo culms with 

various growth ages under drop-weight impact was experimentally investigated, and the typical 

deformation/failure pattern, load-displacement response, strain field distribution, energy absorption 

characteristics, and crashworthiness of dynamically loaded bamboo culms were presented and 

discussed. The corresponding crashworthiness indices were compared with related energy-absorbing 

materials and structures. Secondly, a new type of thin-walled circular metal tube inspired by bamboo 

culm based on its energy absorption characteristics and crashworthiness was proposed and designed. 

The axial crushing behavior and crashworthiness of the bamboo-inspired bionic tube were 

experimentally and numerically investigated, compared to the traditional metal tubes. The typical 

crushing responses (e.g., deformation mode, load-displacement response, energy absorption, and 
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 strain distribution) and quantitative crashworthiness indices (EA, SEA, FP, Fm, and CFE) of them were 

presented and discussed. Then, taking the best crashworthiness indices as the optimization objective, 

a multi-objective design optimization (MDO) was performed for the developed bamboo-inspired 

circular tube under the drop-weight impact, and the corresponding Pareto fronts representing a group 

of best trade-off designs were obtained. Finally, the bamboo-inspired energy-absorbing device was 

developed by introducing the optimized bamboo-inspired circular tubes, which was then integrated 

with an eight-car marshaling train collision finite element (FE) model. The structural responses and 

crashworthiness of rail vehicles under different collision scenarios were discussed and compared with 

that of vehicles mounting conventional energy-absorbing device. The dissipation mechanism of crash 

energy between each component and carriage was also clarified under the action of the bamboo-

inspired energy-absorbing structure.  
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