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Design and multi-objective optimization of composite noise barrier

structure for freeway
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Abstract: The traffic noise generated by the large number of heavy vehicles on freeway is mostly concentrated
in low-frequency, while the existing noise barriers have poor absorption effect on low-frequency noise and the
construction cost is too high. To improve the noise reduction performance of noise barriers, various sound
absorption structures were applied to the design of noise barriers. A composite noise barrier that integrates
sound absorption composite plates, multiple conical sound absorption structures, transparent sound insulation
structures, and quadratic residue diffuser composite structures was proposed. The transfer matrix method is
used to calculate and analyze the acoustic impedance and absorption coefficient of each structure; A multi-
objective optimization model for noise barriers was established with the objectives of noise reduction, safety,
and economy; Using genetic algorithm for solving and making TOPSIS decisions to select the optimal solu-

tion from a set of non-inferior solutions; Finally, the optimal solution was compared with the installed extruded
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concrete sound barrier on the Shexian section of the Rongwu freeway. The results show that the insertion loss

of the optimized composite noise barrier is increased by 6.3 dB (A), 40.9%, of which the added value of sound

absorption is 5.8 dB(A); The construction cost of noise barrier has been reduced by 5.9%; The column top

displacement has been reduced by 96.2%, meeting the standard maximum safety control displacement. The

research results can provide reference for the design of noise barriers on freeway.

Keywords: Freeway; Composite noise barrier; Multi-objective optimization; Transfer matrix method
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rier composition
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Table 1 Main sound absorption structure

of composite noise barrier
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Fig. 2 Equivalent circuit diagram of composite

sound barrier acoustic impedance
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Table 2 Parameter values of microperfo-

rated plates

S d/mm t/mm /%
WA 0.5 0.5 2
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Table 3 Parameter values of multiple con-

ical sound-absorbing panels

ZH "M ho/mm I B8 BE wo /mm
U 190 100
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Table 4 Parameter values of QRD

24 do/mm di/mm d2/mm d3/mm ds/mm ds/mm de¢/mm

IE 300 60 240 120 120 240 60
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Fig. 4 Multiple conical sound absorption structure
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Fig. 10 Pareto frontier diagrams of three objec-

tives optimization
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Table 6 Multi-objective optimization optimal solution
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Table 7 Freeway noise monitoring results
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Table 8 Comparison between optimized composite noise barrier and ECP noise barrier
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