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Abstract

To address the difficulty of synergistically optimizing economic cost, carbon emissions, and construc-
tion safety during the demolition of existing bridges, a multi-objective optimization method for bridge
demolition schemes based on the NSGA-II algorithm is proposed. A multi-objective optimization
model is established, incorporating total cost, carbon emissions, and a comprehensive risk index as
objective functions, and employing the minimum reliability index throughout the demolition pro-
cess as a safety constraint. The model is solved using NSGA-II to obtain a Pareto optimal solution set
that satisfies the safety requirements. Taking a prestressed T-frame bridge with suspended spans
as a case study, three types of demolition schemes—reinforced concrete cutting demolition, man-
ual/mechanical demolition, and static blasting demolition—are optimized and compared. The re-
sults indicate significant trade-offs among cost, carbon emissions, and risk, making it impossible to
achieve optimality simultaneously with any single scheme. Under the reliability constraints, the re-
inforced concrete cutting demolition method is more likely to yield a feasible solution zone charac-
terized by low risk, controllable cost, and moderate carbon emissions. The recommended scheme
has a total cost of 1.7622 million yuan, carbon emissions of 128.48 tC0,, a comprehensive risk index
of 4.9, and a minimum reliability index of 4.21, all meeting safety control requirements. This
method can provide a quantitative, comparable, and traceable decision-making basis for the com-
parison and selection of bridge demolition schemes.
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Figure 1. Typical iterative flowchart of NSGA-II
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Figure 2. Bridge layout drawing
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Figure 4. Cost-carbon emission projection diagram
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Figure S. Cost-risk projection diagram
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Figure 6. Carbon emission-risk projection diagram
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Figure 8. Safety-priority screening diagram
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