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Fig. 4 Stress-strain curve and partially enlarged drawing
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Study of outer envelope curve and energy evolution for freeze-thaw
deteriorated concrete under cyclic loading and unloading test

LIU Qi"*, PENG Gang"*, XU Tonglin"*, YANG Naixin' >
(1. Hubei Provincial Collaborative Innovation Center for Geo-Hazards and Eco-Environment in Three Gorges Area
Yichang 443002, China; 2. College of Civil Engineering & Architecture, China Three Gorges University, Yichang
443002, China)

Abstract; The concrete deteriorated by freezing-thawing effect is tested under cyclic loading and unloading at
different strain rates. The characteristics of the outer envelope line for strain-stress curves are analyzed. The
dissipated energy, elastic strain energy and plastic strain energy are defined, and the relationship between each
kind and the freeze-thaw cycles or the loading and unloading cycles is studied. It turns out that the outer envelope
line rises at first and then drop down as a whole; the peak stress decreases but the peak strain increases gradually
with the increase of freeze-thaw cycles; the strain rates have no effects on the shape of the outer envelope line; the
strain-rate sensitivity for concrete is influenced by the freeze-thaw cycles; the dissipated energy, elastic strain
energy and plastic strain energy increase at first and then drop down with the increase of loading and unloading
cycles; the brittleness of concrete is weakened by freeze-thaw cycles; about 90% energy coming from the work of

external force is used in irreversible process.

Key words: freeze-thaw cycles; loading and unloading cycles; outer envelope curve; energy evolution



