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Abstract: Engineered materials do not fail in isolation. Their service performance reflects 
materials selection in design and interactions among alloy composition, phase 
distribution, microstructure, processing, mechanical loading, and environmental exposure. 
Drawing on naval research and forensic investigations, this presentation examines 
environmentally-assisted failures, misuse, and approaches to mitigation. Case studies 
include 1) stress corrosion cracking in sensitized aluminum-magnesium shipboard alloys 
and ultrasonic surface treatments; 2) hydrogen-assisted cracking in duplex stainless 
steels, where disparate ferritic and austenitic phases contribute to orientation-dependent 
deformation and crack propagation; 3) and galvanic corrosion of zinc-coated steel wire 
ropes in outdoor environments. The analysis emphasizes fractography to identify operative 
deformation and fracture mechanisms, supported by metallography, corrosion 
morphology, fracture mechanics, and mechanical testing. These methods distinguish 
material susceptibility and design deficiencies from environmental degradation, improper 
use, and inadequate maintenance. Prevention strategies include materials selection, 
management of galvanic coupling and residual stress, protective coatings, inspection, and 
timely replacement. 
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