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Dynamic characteristics and damage model for rock under uniaxial cyclic
impact compressive loads
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Abstract: Experiments on dynamic mechanical performance of granite are carried out under uniaxial cyclic impact loads by
using a modified large diameter split Hopkinson pressure bar (SHPB). The dynamic characteristics of the granite specimens and
the laws of the energy absorption are analyzed. The cumulative damage of the granite specimens is calculated by use of the
dynamic statistics damage model based on the Weibull random distribution. The laws of the cumulative damage of the granite
specimens are also analyzed through the stress-strain curves. The results show that, in the cyclic impact compressive tests, with
the increase of repeated action times of impact loads, the deformation modulus of granite decreases, the yield strain increases
and the yield stress shows a decreasing trend. The value of cumulative specific energy increases with the increase of impact
times, which increases slowly before the failure of the specimen and increases rapidly at its failure. The model curves and the
test curves have good consistency, which shows that this model can reasonably reflect the relationship of the stress-strain and
stress-strain rate. The value of cumulative damage increases with the increase of impact times, and its increasing rate changes
from slowly to rapidly. Before the failure of the specimen, the cumulative damage increases smoothly, and the main increment
occurs in the last impact when the specimen is broken.
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Table 1 Physics-mechanical parameters of granite under static

loads

= AR BURSRE iR RTEEGE
/(kgm®) /(s /MPa /MPa /GPa

2651 1.0x107 145.44 2.36 15.03
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Fig. 1 Processed granite specimens
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Fig. 2 Failure modes of rock specimens under static loads

1.2 ZEFA SHPBiXIEE

MR BATIF I K HA2 SHPB 258 (H
%50 mm), HoREEIILAE 3.

AT T

K giERvhsk V% MANR W

[ 3 SHPB {3 R B E
Fig. 3 SHPB experimental system
ZIRK R G HA NS AR RO AR TR
e AR SR ISR T, AR () B AR SR A 101~
10° s ' ST B IMVEAI A ] 5% 240 4 S B0l
WL Tl IR S A Gk b Skeah o A2~ IE 52N
Pes AT SEIRAR 0 Il A (1 R AR S e P 4
32 R 3 s R R
1.3 HWIERER
A SR — IR, IE BRI I ROR
it AR FREA T P A I ey, RITIs] S 1 59 A
WAL EAZ, LA TE R R A Tl
PEf b N, g a ARAIRES, DU
FFA#E 2B RS I SR IR S o I R U A




%3 Rdhdt, S5 SPRVEIA R R A A KB ) SR SR BRI 5T 533

IE NGRS BT PR GG, 75 e
MELAE RS N IR BAA, DR IR AR A<
FEHHTIE s, EARRAEIR . BT NI Y T3
(RJIEAR S K 240 MPa I, R4 4 TF8Y, IbAfE
IR NIRRT Y W 2 200 MPa
Hio B S ARG IR A s e M T S N
ATCAEH, Ao RN IR I IR b, S
A= SRIGHHE AT AR, R AR K 2.

Py P,
T £
e =
DL O b g

el | o R
S @ i
= ®
B
Py
0 piiE:= 1) )T !
50 mm

(a) AR (b) B - b Lk

B4 2RpEmERIREE
Fig. 4 Model sketch of rock specimens under impact loads
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Fig. 5 Superposition of oscillograms in cyclic impact tests
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Table 2 Mechanical parameters and experimental results of granite under cyclical impact compressive loads

i D/mm L/mm L/D pl(kgm™) PJ/(ms") n /I\I/YID;’a /I\Zi’a /l\(/ﬁl’a / (j")
0-4 49.32 51.04 1.03 2649 3998 1 1.00 265 191.48 54.63
0-6 49.42 50.24 1.02 2645 3980 1 1.00 267 212.10 60.25

1 0.70 197 154.96 41.16
0-Al 49.36 49.88 1.01 2643 3979 2 0.70 204 150.73 47.43
3 0.70 205 127.69 59.36
1 0.70 202 166.42 40.13
0-A2 48.86 49.50 1.01 2642 4090
2 0.70 200 140.81 64.30
1 0.70 196 171.16 30.31
2 0.75 206 185.20 32.96
0-A3 49.30 52.40 1.06 2650 3973 3 0.80 218 195.43 36.53
4 0.90 230 210.15 44.43
5 0.90 230 164.27 58.67
1 0.75 210 165.97 36.32
2 0.75 214 173.69 37.24
0-A4 50.70 51.00 1.01 2649 4034 3 0.75 214 170.86 38.93
4 0.75 211 161.36 41.67
5 0.75 214 124.76 57.97
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Fig. 6 Stress-strain curves of granite specimens under cyclic impact loads
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Fig. 7 Relationship between peak stress and time of impact loads
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Table 3 Results of constitutive model parameters

Y ZH
E/GPa @/(°) 1 m Fy /(s
0-4 42.44 35 0.20 3.74 25452 55.53
0-6 35.92 35 0.20 3.17 245.68 63.27
1 3545 35 020 929 157.64 41.16
0-A1 2 30.85 35 020 7.16 16227 47.43
3 24.66 35 0.20 427 156.08 59.36
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Fig. 12 Damage evolution under cyclical impact loads
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