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Study on classifications and prediction of rock hysteresis loop
based on apparent elastic modulus change law

LIU Jie'*, XIE Xiaokang ** ,GAO Sufang®, YANG Yunan'* ,LAN Jun'?*, WANG Fei"

(1. Engineering Technology Center for Geological Disaster Prevention of Hubei Province, China Three
Gorges University, Hubei Yichang 443002, China; 2. Key Laboratory of Geological Hazards on
Three Gorges Reservoir Area, Ministry of Education, China Three Gorges University, Hubei

Yichang 443002, China;3. BGI Engineering Consultants Ltd. , Beijing 100038, China)

Abstract: Based on the RMT-150C rock mechanics test system, the mechanical response of sandstone samples
under cyclic loading was studied. Based on the proposed E(t) = af () -+ b relation, and according to the change law
of apparent elastic modulus of the loading section, the hysteretic loop forms under non-instantaneous loading were
divided into three forms: continuous increased, continuously decreased, and first increase and then decrease. It is
pointed out that the change of the apparent modulus of elasticity is the result of the joint action of the micro-crack
inside the sample, the compression density coefficient a; of the micro-hole and the slip expansion number a, . In
combination with the positive and negative change of a = a; + a, value in the formula, the mechanism of the three
forms of hysteresis loop is analyzed. According to the change law of A value and B value in the formula with the
change of peak value, loading frequency and confining pressure, two or more known hysteresis loops can be used to
predict any other hysteresis loops, and the detailed calculation formula and process are given. Meanwhile, the
mechanism analysis of each different hysteresis loop is carried out. The test results show that the prediction method
is applicable to three types of hysteresis loops with different peak values (64~112 kN), loading rates (0.2~ 20
kN/s) and confining pressures (0~20 MPa).

Key words: cyclic loading and unloading; apparent elastic modulus; classification of hysteresis loops; prediction of

hysteresis loops
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