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Dynamic behaviors and energy dissipation characteristics of
marble under cyclic impact loading

WANG Zhiliang, WANG Dawei, WANG Shumin, WU Xutao
(School of Civil and Hydraulic Engineering, Hefei University of Technology, Hefei 230009, Anhui, China)

Abstract: In order to study the dynamic behaviors and energy dissipation characteristics of marble under cyclic impact
loading, a split Hopkinson pressure bar system was first adopted to determine the five representative incident velocities of
striking projectile through the trial impact method. Based on this, constant amplitude cyclic impact tests of the marble samples
were performed, and stress uniformity of the samples was examined. Then, a systematic analysis is conducted on the test data
from the aspects of strain rate time history curve, stress-strain relationship, impact times and energy dissipation properties.
Finally, a damage variable is defined based on the energy evolution, and the associated mechanism between energy dissipation
and damage development of the rock samples is further explored. The results show that the time-history curves of the strain
rate of the samples exhibit a plateau segment with a constant rate of change at low projectile velocities, and the stress-strain
curve has a certain rebound at the post-peak stage. The peak stress of the rock samples decreases with the increase of the
number of cycles, while the peak strain, average strain rate and cumulative absorption specific energy take on the opposite
trend, and their change rates all show a sudden increase phenomenon before sample’s break or fracture. The peak stress has a
linear relationship with the average strain rate, while the variation of sample elastic modulus with average strain rate generally

follows an exponential decay law. There is a positive linear correlation between the dissipated specific energy and the average
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strain rate of the marble samples. The damage variable defined based on energy dissipation analysis can better characterize the
break or fracture process of the marble samples under dynamic loading. The research results of this study have certain
reference value for revealing the evolution mechanism of rock internal damage under cyclic load disturbance.

Keywords: marble; cyclic impact; dynamic characteristics; energy dissipation; damage evolution
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Fig. 1 Marble specimens
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Table 1 Basic physical parameters of the specimens

W EE/mm HA/mMm FE/(gem)  HE/(msT) R mE/mm Hf/mm #FE/(gem”)  HE/(msT)
S2 25.10 49.40 2.82 5390 S17 25.12 49.52 2.79 4850
S4 24.94 49.40 2.83 5390 S18 24.94 49.32 2.84 5110
S5 25.18 49.48 2.79 4970 S19 25.20 49.40 2.82 5110
S7 25.30 49.36 2.80 5180 S20 24.94 49.42 2.80 5110
S9 25.18 49.54 2.80 5390 S21 24.92 49.38 2.83 4970
S12 25.10 49.50 2.79 5390 S23 24.92 49.32 2.83 5240
S14 24.94 49.36 2.83 5240 S24 24.92 49.28 2.84 4970
S16 25.10 49.36 2.82 4970
12 #8
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Fig.2 The SHPB device
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Table 2 Basic parameters of cyclic impacts

B S5/ (mes ™) e KRAGER s BV ASHE i {E/MPa
S21 8.51 4 75.25
S23 8.53 2 76.96
S24 8.52 2 77.03
S18 8.10 4 71.99
S19 8.09 4 70.12
S20 8.13 3 72.56

S2 7.53 4 64.98
S4 7.52 6 63.91
S5 7.50 6 63.76
S7 6.98 9 61.57
S9 7.14 12 60.88
S12 7.09 12 60.92
S14 6.55 10 51.88
S16 6.51 23 50.22
S17 6.52 21 50.74
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Fig.3 Dynamic stress balance test curves of the specimen

D0 B SRR, SR RO R B R AR TR,
HESERENEREAR, I3 L WSS IR A AT

under the first impact loading at the projectile velocity of 7.5 m/s
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Fig. 4 Stress waveforms in specimen S18 under cyclic impact with the projectile velocity of 8.0 m/s
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Fig. 5 Strain-rate history curves of the specimen Fig. 6 Strain-rate history curves of the specimen

at the projectile velocity of 7.0 m/s

at the projectile velocity of 6.5 m/s
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Fig. 7 Strain-rate history curves of the specimen
at the projectile velocity of 7.5 m/s
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Fig. 9 Strain-rate history curves of the specimen at the projectile velocity of 8.5 m/s
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Fig. 10  Stress-strain curves of the specimen under cyclical
impact loading at the projectile velocity of 6.5 m/s
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Fig. 11  Stress-strain curves of the specimen under cyclical

impact loading at the projectile velocity of 7.0 m/s

Fig. 12 Stress-strain curves of the specimen under cyclical
impact loading at the projectile velocity of 7.5 m/s
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Fig. 13  Stress-strain curves of the specimen under cyclical Fig. 14  Stress-strain curves of the specimen under cyclical
impact loading at the projectile velocity of 8.0 m/s impact loading at the projectile velocity of 8.5 m/s
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Fig. 15 Failure modes of specimens under different impact velocities
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Table 3 Mechanical parameters of specimens after cyclic impact

R SENUIET/ S e IR WA F1/MPa WA 1 A5/107 SR /GPa
1 68.73 2.36 41.83
S4 6
6 58.26 7.90 9.62
1 61.32 2.25 42.80
S12 12 6 63.84 2.53 38.75
11 55.33 6.06 11.47
1 52.79 2.16 37.53
6 49.92 2.12 26.94
S17 21 11 51.78 1.85 237
16 51.95 331 21.63
21 44.05 6.36 8.52
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