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Evolution of Aircraft Structural 
Design Requirements

Abstract
Aircraft structural design and certification requirements have evolved primarily in response to catastrophic failures that exposed limita-
tions in prevailing engineering assumptions. This presentation reviews the progression of aerospace structural certification methodol-
ogies from early safe-life concepts to modern damage tolerance, continued airworthiness, and Jet Quality Control (Jet-QC) requirements. 
Landmark failure events—including Liberty ship brittle fracture, the de Havilland Comet fatigue accidents, the F-111 wing pivot fitting 
failure, the Aloha Airlines fuselage decompression, and the United Airlines Sioux City engine failure—are examined to illustrate how 
material behavior, manufacturing defects, and inspection limitations drove regulatory change. Emphasis is placed on the transition from 
strength-based design to stress-life–based finite life assumptions to crack growth–based damage tolerance approaches that explicitly 
account for pre-existing flaws and inspection capability. The influence of material properties, process control, and nondestructive evalu-
ation on certification compliance is discussed. These lessons continue to shape modern aircraft structural design and remain central to 
ensuring long-term safety and durability of aerospace structures.
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