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Study on Cyclic Impact Failure Characteristics of
Quartz Sandstone under Medium Strain Rate
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Abstract: Quartz sandstone samples were tested under cyclic impact loadings by the drop weight impact test e-
quipment to study its mechanical properties and failure process under medium strain rates. Three specimens were se-
lected at each impact height of 0.3 ~0.6 m,and each specimen was subjected to 8 cycles of impact with medium
strain rates of 26.33 s7',29.7 s7',32.03 s™' and 35.17 s, respectively. Then, the influence of cyclic loading
times on the dynamic compressive strength, elastic modulus and energy efficiency of quartz sandstone were discussed.
The results show that under different medium strain rates,the dynamic compressive strength of the specimens under
the impact loading of the 8th cycle is about 13 MPa,which is lower than that of the first cycle. During the process, the
resistance to deformation is weakened, and the elastic modulus is significantly reduced. The dynamic compressive
strength of the specimens has a positively correlation with the elastic modulus. From the perspective of energy, the
dissipated energy, energy efficiency and unit volume dissipated energy of the specimen are improved after 8 cycles of

impact loading. The effect is most obvious when the impact energy is 70. 27 J,the dissipated energy of rock is in-
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creased by 6 J,the energy efficiency is increased by 8. 8% ,and the unit volume dissipated energy is increased by

50%. For fracture fractal ,the fracture morphology of rock under medium strain rates includes splitting failure, edge

collapse failure , block failure and crushing failure. When the strain rate increases from 26.33 s™' t0 35.17 s™' | the

characteristic value of the average particle size of the sample fragments decreases from 24.49 mm to 21. 15 mm. The

fractal dimension increases from 1.07 to 1.75 linearly.
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Fig. 1 Drop weight impact testing machine
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Table 1 Test data of representative samples
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1 23.38 68.39 0.0034
2 25.60 70.30 0.0037
3 26.33 70.83 0.0041
SHI -2 0.3 4 27.67 26. 33 69.17 0.0041
5 27.78 69.22 0.0042
6 25.45 68. 84 0.0038
7 25.44 65.95 0.0037
8 28.98 60.23 0.0047
1 28.04 81.96 0.0037
2 29.10 81.86 0.0039
3 29.29 80.75 0.0039
SID -2 0.4 4 29.45 29.70 80.04 0.0043
5 30.31 78.28 0.0042
6 30.78 79.92 0.0042
7 29.26 75.75 0.0039
8 31.34 66.72 0.0044
1 30.36 91.38 0.0036
2 30.79 91.43 0.0036
3 31.05 91.32 0.0037
SHS -1 0.5 4 31.14 32,03 90.72 0.0040
5 31.36 89.93 0.0041
6 33.07 90. 04 0.0042
7 33.56 88.05 0.0043
8 34.94 78.16 0. 0045
1 32.29 104.72 0.0035
2 32.96 103.74 0.0036
3 33.30 103.75 0.0037
SHA -3 0.6 4 34.40 3517 102. 96 0.0037
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6 36.71 103.02 0. 0040
7 37.22 99. 66 0.0042
8 39.54 92.76 0. 0045




32 O 2023 4E 6 H
75 [ et [ ——
- &~y ] - &~k A% X
g0 |- =+ B 75 = S=wahd Ry
- v SR . ‘*3" - v S Y 1
— EERE (CIN — TR el
o | = =tvo: Y }\ o 00T =« -t [T
s45T PO & --be SLRI M\
S " *'!‘ g 45| - vt i &
R i \ R § i
2301 b1 e # 51
£ \ 30 % J)?
3 , ? A
15t ' ! 8%
q $ 15 ;‘ gv/
. / o 2% £/ ’{"’
. , 4 .~ Z. , f’ o ,
0 0.001  0.002 0.003 0.004 0.005 0 0.001  0.002 0.003 0.004 0.005
AR N AR
(a) BIAEZR26.33 5™ (b) RiAEF29.7 57
(a) Strain rate of 26.33 s™' (b) Strain rate of 29.7 s
100 - —a—s5 popbt 108 r—a—s kot -
- o~ yaik - o =it n N
— e = s 90 [~ =yt ,/ <\
80 - v sy e - v — Sk A VA
B o s A A
=« = ANkl W ':‘ AR L 7 ol . o
£ 60 F-->- Bhvid ) “*\ "™ £ |- b /f; PO ST R IR
= —- 5\t R = —e- R R S R
S TSI S 54t v £ ' s
R | *ﬁ v R 0 4 A
{40 b b = A/ Iy
I 36| Y L8 Iy d
20} WS ¥ f/
20r g 1 7@." ’ 18+ G /’ g i’,’
- w = 7 l’
< (," J’ ,').f" /"-
ol . LW . 7 . P .
0 0.001  0.002 0.003 0.004 0.005 0 0.001 0.002 0.003 0.004 0.005
B2 g
(c) BiAE = 32.03 5 (d) BAE#35.17 57

(c) Strain rate of 32.03 s™

(d) Strain rate of 35.17 s™

3 ANTR] it i BT Gk I g - A2 T 2%

Fig. 3 Stress-strain curves of specimens at different impact heights
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Fig. 4 Dynamic compressive strength and elastic modulus of rock-cycle impact times
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Table 2  Statistics of rock dissipated energy

BEEEE i) EERRICEC R ERER/% wfﬁ*ff?fﬁg/
1 11.64 16. 56 0.12
2 11.97 17.03 0.12
3 12.86 18.30 0.13
SH1 -2 70.27 4 12.90 18. 36 0.13
5 13.00 18. 50 0.13
6 14. 45 20. 56 0.15
7 16. 83 23.95 0.17
8 17.82 25.36 0.18
1 21.32 22.76 0.22
2 21.78 23.25 0.22
3 22.44 23.95 0.23
SH2 -2 93.69 4 22.73 24.26 0.23
5 22.81 24.35 0.23
6 23.03 24.58 0.23
7 23.57 25.16 0.24
8 24.21 25. 84 0.25
1 23.55 20. 11 0.24
2 24.12 20. 60 0.25
3 24.27 20.72 0.25
SH3 -1 117. 11 4 24.31 20.76 0.25
5 24.6 21.01 0.25
6 25.04 21.38 0.26
7 25.35 21. 65 0.26
8 25.97 22.18 0.26
1 29.13 20.73 0.30
2 29.27 20. 83 0.30
3 29.28 20. 84 0.30
SH4 -3 140.53 4 29.75 21.17 0.30
5 30.36 21.60 0.31
6 30.44 21.66 0.31
7 31.78 22.61 0.32
8 32.96 23.45 0.34
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Fig. 8 Variation of unit dissipated energy and dynamic compressive strength with cycle impact times
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Table 3 Mass statistics of fragments of each aperture( unit:g)
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Fig. 9 Rock fracture morphology under different strain rate
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RS 20 mm 10 mm 5 mm 2 mm 0 mm J=8an
SH1 -1 239. 12 7. 66 1.24 0.45 0.32 248.79
SH1 -2 236. 57 9.96 0.83 0.19 0.29 247. 84
SH1 -3 246. 61 0 0 0 0 246. 61
SH2 -1 219.45 14. 67 2.13 3.78 0.69 240.72
SH2 -2 223.49 15. 47 4.78 1. 87 1.19 246. 80
SH2 -3 225.78 10. 77 6.22 2. 86 0.22 245. 85
SH3 -1 219. 17 11.53 9.25 4.98 2.82 247.75
SH3 -2 210. 45 15.76 7.67 9.32 4.97 248. 17
SH3 -3 220. 56 13.77 7.94 6.25 2.00 250. 52
SHA -1 173. 80 34.98 14.79 9.57 7. 86 241. 00
SHA -2 183. 69 29. 65 15.03 6.98 5.44 240.79
SH4 -3 177.22 33.61 14.24 8.58 6.08 239.73

x4 BHRRESBZRITR/ %
Table 4 Fragment quality score statistics table /%

RS IR 20 mm 10 mm 5 mm 2 mm 0 mm
SH1 -1 96. 11 3.08 0.50 0.18 0. 001
SH1 -2 26.33 57" 95.45 4.02 0.33 0.08 0. 001
SH1 -3 100. 00 0. 00 0. 00 0. 00 0. 000
SH2 -1 91.16 6. 09 0. 88 1.57 0. 003
SH2 -2 29.7 s 90. 56 6.27 1.94 0.76 0. 005
SH2 -3 91. 84 4.38 2.53 1.16 0. 001
SH3 -1 88. 46 4.65 3.73 2.01 0.011
SH3 -2 32.03 57" 84. 80 6.35 3.09 3.76 0. 020
SH3 -3 88. 04 5.50 3.17 2.49 0. 008
SH4 -1 72.12 14.51 6. 14 3.97 0. 033
SH4 -2 35.17 57! 76.29 12.31 6.24 2.90 0. 023
SH4 -3 73.92 14.02 5.94 3.58 0.025
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Fig. 10 Mass fraction diagram of crushed block sieving
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Table 5 Logarithm table of fractal parameter calculation results

HEAE R ST x/mm 25 15 7.5 3.5 1
lg x, 1.4 1.18 0.88 0.54 0
26.33 57! -0.02 -1.40 -2.48 -3.12 -2.93
e[ M (5, )/M] 29.705:: -0.04 -1.20 -1.71 -2.12 -2.32
32.03 s -0.05 -1.33 -1.43 -1.70 -1.94
35.17 57! -0.13 -0.85 -1.23 —1.45 -1.60
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Fig. 13  Rock fractal dimension-strain rate
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