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Multi-objective crashworthiness optimization of ultra-high performance
fiber-reinforced concrete beams with steel bars under impact loading
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Abstract: To solve the main contradiction between the impact resistance and cost of ultra-high
performance fiber-reinforced concrete (UHPFRC) beams, a multi-objective optimization study

was carried out. Firstly, a multi-objective optimization mathematical model was established,
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where the peak crash force and the energy absorption to price ratios were regarded as the objective
functions, and the cross-section aspect ratio of a UHPFRC beam, the UHPFRC strength, the
longitudinal reinforcement ratio, and the volumetric ratio of the stirrup were set as the design
variables. Secondly, based on the design of the response surface experiments, the sample points
were selected, and a high-order response surface model was established through a nonlinear
contact finite element (FE) analysis. Statistical analysis techniques, such as an analysis of
variance, were used to verify the overall fitting effect and the prediction accuracy, and the
sensitivity of the parameter changes was also studied. Finally, a response surface proxy model
and multi-objective genetic algorithm were combined to form a multi-objective optimization
analysis method for the impact-resistant performance of UHPFRC beams. The results show that
increasing the longitudinal reinforcement ratio and the aspect ratio of the cross-section
appropriately in the UHPFRC beam, using a UHPFRC material with a lower strength can
significantly improve the energy absorption to price ratio, and reduce instantaneous impact force.
Among these factors, increasing the cross-section aspect ratio improves the impact resistance of
the beam, but also leads to an increase in the contact force. The increase in the UHPFRC strength
leads to significant increases in the contact stiffness and instantaneous impact force, but
apparently cannot improve the energy absorption to price ratio. The longitudinal reinforcement
ratio increase can not only improve the energy consumption of the UHPFRC beam, but also has
little effect on the impact force. The change in the amount of stirrup has a limited influence on
the peakcrash force and the energy absorption to price ratio. The response surface proxy model
can be effectively used to predict the dynamic response of an impact. In addition, based on a
reliability analysis of ultra-high performance fiber reinforced concrete beams,when combined with
the multi-objective genetic algorithm, Pareto frontier surface meeting different design
requirements can be obtained, and the design parameters corresponding to each set of objective
function values can be given. The above optimization methods and concepts will be better applied
to the optimization design of similar problems (such as a rolling stone impact, vehicle impact, and
ship collision), and will promote the effective application of UHPFRC in impact protection
structures. 3 tabs. 8 figs, 25 refs.

Key words: bridge engineering; ultra-high performance fiber-reinforced concrete ( UHPFRC)
beam; impact-resistant performance; peak crash force (PCF); ratio of energy absorption to price

(REP); response surface method; multi-objective optimization
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