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The need to replace aging infrastructure while improving sustainability and resilience to climate change presents major

challenges for critical service providers. Infrastructure managers face growing urgency to integrate resilience measures as

climate extremes intensify, service demands exceed capacity, cybersecurity threats rise, and failure risks increase.

Interruptions to critical water, electricity, or transportation services can severely impact public health, safety, and quality of

life. To maintain reliable services, managers require tools to prioritize system renewal and prevent failures of key

operational nodes and segments. As infrastructure management becomes increasingly data-driven, computationally

intensive models often lack the speed needed for timely hazard or outage response. These challenges highlight the need

for infrastructure engineering strategies that enhance both resilience and computational efficiency.

This research advances network analysis methods to inform infrastructure resilience planning and engineering. Network

science metrics, such as node degree and betweenness centrality, enable quantitative assessment of system resilience

based on the topology of spatial infrastructure networks. We use data of multiple infrastructure network types including

distribution pipes, transportation roads, and power transmission systems to showcase the broad transferability of these

methods. System failures are simulated by removing nodes and measuring the size of the largest remaining connected

component relative to the overall network. Nodes are removed both at random and targeted according to betweenness

centrality ranking to assess the effectiveness of prioritized asset management. Targeted network dismantling is conducted

in static and dynamic modes, where node removal order is computed once or recalculated after each step. Comparing

these modes reveals whether dynamic reprioritization during failure simulations improves resilience assessment. To

evaluate computational efficiency without compromising accuracy, we compare full network datasets with simplified

versions omitting sequential nodes of degree two. The findings will inform scalable, transferable methods to evaluate and

strengthen the resilience of critical infrastructure systems.
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