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Stress wave effects and influencing mechanisms on stress-strain curves
in the elastic compression stage of SHPB tests based
on generalized wave impedance theory

GAO Guangfa
(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China)

Abstract: Quantitative investigation of stress wave effects during the elastic compression stage of split Hopkinson pressure
bar (SHPB) tests is fundamental for decoupling accurate elastic curve of material. Based on the assumption of plane waves and
utilizing the generalized wave impedance theory, a quantitative theoretical analysis of the structural effects caused by the
evolution of stress waves during the elastic compression stage of specimens with mismatched bar/specimen cross-sectional
areas is conducted. The characteristics and main influencing factors of the deviation between engineering stress-strain curves of
specimens during the elastic stage and the actual material stress-strain curves under different conditions are explored. It further
reveals the governing rules and mechanisms influencing these deviations. The analysis indicates that for linearly incident
loading waves, when the dimensionless time is a multiple of 0.5, even if other parameters change, the engineering stress-strain
values of the specimen correspond approximately to the actual material stress-strain values. Even when there is a significant
stress difference at both ends of the specimen, if the variation of stress difference tends to stabilize, the difference between the

engineering stress-strain curve of the specimen and the actual material stress-strain curve is relatively small. The study
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calculates the maximum stress deviation value of the specimen and its corresponding dimensionless time, as well as the trend
of the maximum stress deviation value of the specimen within different fluctuation intervals. Moreover, the study investigates
the scenario where the incident wave is a bilinear combination wave. The results show that when a bilinear incident wave is
present, the two linear intervals can be independently analyzed. Regardless of the combination or the variation of stress
difference, only when the stress difference at both ends of the specimen reaches an approximately constant curve, the
corresponding engineering stress-strain curve of the specimen is relatively accurate. This study provides theoretical references
for the refined design of SHPB tests and the accurate data processing.

Keywords: split Hopkinson pressure bar; stress wave effects; uniform stress assumption; dynamic stress-strain curves
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