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Damage evolution and characteristics of ultrasonic velocity and acoustic
emission for salt rock under triaxial multilevel loading test
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Abstract In order to investigate the characteristics of ultrasonic wave velocity and acoustic emission activity of
salt rock under triaxial loading the multi-level cycle loading tests were conducted using a device composed with
the acoustic wave and acoustic emission testing systems. The variations of ultrasonic wave velocity and AE
number of salt rock were consistent with the loading stress. In the loading process the ultrasonic wave velocity
increased and AE activity was intense. However there were opposite characteristics when the stress was unloading.
The higher level the loading stress was the more significant the feature was. The loading level of the confining
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pressure had great influence on the ultrasonic wave velocity and acoustic emission activity. The rate of change of
the ultrasonic wave velocity was greater and the AE events were more under the lower confining pressure than
when the confining pressure were in a higher loading level. This can be explained by the principles of confining
pressure densification. In the paper the unloading modulus the fracture density and the ratio of Felicity were used
respectively to express the damage evolution for salt rock. Results showed that the features of fracture density and
the ratio of Felicity had a good consistency with the salt rock damage which reflected the process of damage
fracture well. Because of the plastic deformation the unloading modulus was not suitable for describing the
damage.

Key words rock mechanics ultrasonic velocity acoustic emission damage unloading modulus fracture density
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Table 1 Information of test samples
/mm /mm /g /MPa
S1 199 101 3481 5
S2 201 100 3352 5
S3 202 99 3436 10
sS4 202 101 3561 10
S5 200 100 3348 15
S6 199 99 3422 15
S7 200 100 3555 20
S8 198 101 3341 20 2
Fig.2 Positions of acoustic emission sensors
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Fig.1 Stress loading path
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Fig.4 Strain-stress curves of salt rock under cycle loading test
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Fig.5 Axial stress-strain curves for salt rock
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Fig.6 Curves of ultrasonic velocity value for salt rock
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Table 2 Changes of ultrasonic velocity value for sample S1
(m-s Y (m-s Y

1 3188 3300 4100 4200

2 3100 3288 4100 4200

3 3067 3267 4050 4200

4 2950 3200 4000 4188

5 2750 3100 3900 4150

5 MPa

3 900 4 200 m/s

2 750 3 300 m/s
20 MPa

4300 4400 m/s
3050 3400 m/s
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Table 3 AE numbers under different stress stages
IMPa / 4
1 2 3 4 5 . .
Table 4 Unloading modulus and damage variables of salt
5 7 28 93 258 640 1026
rocks
10 6 16 75 149 457 703
15 9 14 52 96 190 361 [GPa
20 3 6 14 40 143 206 1 0.462 0.305 26.78 0.107
2 0.833 0.546 30.56 0.123
3 1.540 1.100 35.00 0.167
4 2.611 2.147 49.26 0.271
5 4.809 4.266 59.50 0.440
( 3 o)

5 10 15 20 MPa
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Fig.9 Curves of crack density changes for salt rocks
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Felicity 1 Kaiser 4 5 Felicity
Felicity 114 1.06 1
Kaiser
SI( 5 MPa) Felicity 0.9 Kaiser
AE ( 5) 1 Felicity
50 kN S1 S8 Felicity
63 Felicity
kN Felicity 1.26
Felicity
0.97 084 0.77 0.72
Kaiser
Felicity 5
5 S1  Felicity 1)
Table 5 Felicity ratios of sample S1 under different stress
stages
/KN AE /KN Felicity
2 50 63 1.26
3 100 97 097 2
4 150 126 0.84
5 200 154 077
6 250 180 0.72 [26]
4
Felicity 10
Felicity [17]
Felicity 1/10
4
Felicity S8( 20
MPa) (2) 3.2 33
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