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Acoustic Emission Property and Damage Estimation of
Rock Due to Cyclic Loading
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Granite cores were sampled within Korea Atomic Energy Research Institute and cyclic loadings up to 1550
cycles were applied. Microcrack development in samples due to cyclic loading was estimated using Acoustic Emis-
sion(AE) method. AE showed two different types depending on numbers of cycle. Type 1 appeared at low cycles
and had low energy and diverse frequencies, while type 2 appeared at high cycles and had high energy and uni-
form frequency. AE property of type 1 indicates voids and pre-existing microcracks in samples may close or prop-
agate up to certain length. Microcracks may be sheared or closed during loading and are recovered from shear or
opened during unloading when AE of type 2 were measured. P wave velocities and Felicity ratios were measured
at 50, 150, 350, 750, 1550 cycles. P wave velocities were almost the same regardless of number of cycles applied.
However, Felicity ratios were much lower than 0.9, indicating that microcracks were developed within samples.
This result indicates that Felicity ratio is a better tool than P wave velocity to estimate the damage of rock.
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Fig. 1. Acoustic Emission parameters
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Table 1. Physical properties of rock specimen for cyclic loading test

Sample Specific Porosity  Absorption \};c;r(:i‘i/t; \S/c;r;?:;/t; ucs E v
No. Gravity (%) (%) (m/s) (m/s) (MPa) (GPa)

YS-1-2 2.64 0.006 0.215 3980 2301 215 43.3 0.33
YS-4-2 2.64 0.006 0218 3816 2619 111 46.3 0.18
YS-4-3 2.63 0.006 0.223 2756 1776 197 56.2 0.31
YS-4-4 2.68 0.004 0.167 3696 2356 127 493 0.29
YS-7-1 2.65 0.008 0.289 3484 2069 130 40.4 0.17
YS-7-2 2.63 0.006 0.244 3118 2233 140 45.8 0.20
YS-7-3 2.64 0.005 0.173 4749 3523 135 43.1 0.23

UCS = Uniaxial Compressive Strength, E= Young's modulus, v= Poisson's ratio
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Fig. 2. The stress - volumetric strain curve.
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Table 2. Parameters of cyclic loading test.
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Sample No. UCS (MPa) Pre-Stress (MPa) Stress range of cyclic loading (MPa) Frequency (Hz)
YS-1-2 215 86 21.5~43.0 0.223
YS-4-2 11 44 11.1~22.2 0.445
YS-4-3 197 79 19.7~39.4 0.248
YS-4-4 127 51 12.7~25.4 0.406
YS-7-1 130 52 13.0~260 - 0.406
YS-7-2 140 56 14.0~28.0 0.352
YS-7-3 135 54 13.5~27.0 0.358
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Table 3. Axial strain difference in cyclic loading test.
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Fig. 7. Acoustic emission parameters measured during 50 cycles of loading.
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