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Particle breakage and permeability characteristics of high dam
rockfill under different vibratory compacting conditions
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Abstract: In the domain of high earth and rock dam engineering, the particle breakage and permeability
characteristics of rockfill materials are important indicators that affect the physical and mechanical properties of
dam materials. The quality control of rockfill materials post-vibratory crushing treatment is paramount for the
construction of rockfill dams. A comprehensive study of the particle breakage and permeability characteristics of
rockfill materials after vibratory compacting is, therefore, of the utmost importance. Indoor vibration tests were
conducted on the scaled-down rockfill materials of the Yulongkashi Hydropower Station to investigate the

particle breakage characteristics of rockfill materials under different vibration times. Laboratory constant-head
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penetration experiments were designed to measure the permeability coefficient of rockfill materials after
vibratory compacting. The effect of varying vibration times on the change of permeability coefficient of the
rockfill materials was analysed. A three-dimensional structural model was established based on the particle size
distribution curve. Subsequently, a simulation of seepage was conducted on the model. Changes in the pore
structure and permeability characteristics of rockfill materials under different vibration and compacting durations
were compared. The results of indoor tests and model simulations were compared to validate the conclusions
obtained from the indoor tests.Finally, some parameters affecting the permeability coefficient were subjected to
fitting analysis, and the calculation formula of the permeability coefficient was obtained. The research results
indicated that under the influence of vibration and compacting, the particle size distribution curve of the rockfill
materials became smoother and the particle arrangement became more compact. After vibration compacting for
four minutes, the porosity of the rockfill materials decreased from the initial value of 42% to 15%-17%, and
the permeability coefficient decreased from 0.162 cm/s to 0.08-0.09 cm/s, and water flow within the pore
structure slowed down. The established three-dimensional structural model well reflected this process.

Keywords: rockfill materials; particle breakage; vibration compaction; grading characteristics; permeability
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masses before and after vibration compaction
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Table 3 Permeability coefficient of vibration-compacted

samples
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Fig. 6 Simulated pore structure of rockfill

materials
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Table 4 Sample dataset
FEA 2RI RFAERL AR /mm c C K/
@5 Dy, D,, Dy Dy, D, Dy, Do, Dy, Dy, Do h © (em/s)
1 236 6.52 9.15 12.83 17.68 24.65 34.36  44.09 51.75 60.00 0.27 10.44 1.44 0.010
2 2,36 6.52  9.15 12.83 17.68  24.65 34.36  44.09 51.75  60.00 0.24 10.44 1.44  0.008
32,36 6.52  9.15 12.83 17.68  24.65 34.36  44.09 51.75  60.00 0.22  10.44 1.44  0.007
4 0.25 0.50 1.00 1.61 2. 54 4.06 6.03 8.38 12.42  20.00 0.35 16.24  0.99  0.008
5 0.25 0.50 1.00 1.61 2. 54 4.06 6.03 8.38  12.42  20.00 0.37 16.24 0.99  0.022
6 0.25 0.50 1.00 1.61 2. 54 4.06 6.03 8.38  12.42  20.00 0.56  16.24  0.99  0.094
7 0.25 0.94 2.32  4.69 7.70  10.45 12,73 14.95 17.26  20.00 0.45 41.80 2.06  0.067
8§ 0.25 0.87 211 4.04 6. 44 9.05 11.57  14.09  16.75 20.00 0.45 36.20 1.97  0.045
9 0.20 0.36 1.00  2.64 5.00 7.50  10.00  17.20  26.93  40.00  0.44 37.50  0.67  0.080
10 0.20 0.3 0.60  2.23 5.00 7.60  11.63  20.00  28.79  40.00  0.44 38.00 0.24  0.100
11 0.20 0.32  0.50 1.74 5. 00 8.20  14.04 2234  30.18  40.00 0.44 41.00 0.15 0.121
12 0.39 1.3 3.52 7.19  11.63  17.36  24.25  32.13  40.04  60.00 0.54 44.30 1.82  0.135
13 0.30 1.02 2.32  4.20 7.12  11.32  17.31  26.31  37.76  60.00 0.45 37.80 1.59  0.093
14 025 05 1 1.61 2.54 4.06 6.03 8.38  12.42 20 0.44 16.24  0.99  0.033
15 025 05 1 1.61 2.54 4.06 6.03 8.38  12.42 20 0.46  16.24 0.99  0.038
16 0.2 0.41 1.4 2.94 5 7.3 8.99  14.21  24.48 40 0.44  36.5 1.34  0.059
17 0.25 1.63 2.45 3.18 3.99 5 6.21 7.61 10 20 0.39 20 4.8 0.024
18 0.25 0.37 0.5 0.71 1 1.42 2 2.73 3.7 5 0.55 5.68 0.7 0.055
19 0.2 051 1.8 3.21 5 7.1 8.33 11.85  21.11 40 0.44  35.5 2.28  0.046
20 0.25 1 1.26 1.47 1.69 2 2.48 3.12 3.96 5 0.71 8 3.18  0.055
21 0.25 0.73  1.09 1.41 1.79 2.49 3.67 5.92  11.43 20 0.45 9.96  1.91  0.019
22 0.48 1.08 2 5 7.94 12 17.12  25.06  37.34 60 0.22 25 0.69  0.005
23 0.2 0.3  0.43 1.14 5 9.5 16.89  24.31  31.32 40 0.44  47.5 0.1 0.202
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Table 5 Comparison of permeability coefficients calculation results
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5= ) (em/s) Ko Ky K RN O 056
1 3.46 19.91 0.27 9.3 0.01 0.007 89 1.7455 0.0231 21.24 17 354 131.24
2 2.36 17.68 0.28 10. 44 0.011 0.009 64 0.8733 0.017 6 12.41 7839 60. 23
3 0.25 2.54 0.51 16. 24 0.072 0.068 5 0.0325 0.001 05 4.88 54.84 98. 54
4 0.25 2.54 0.53 16. 24 0.087 0.0759 0.0351 0.001 16 12.81 59. 64 98. 66
5 0.25 1.28 0.55 8 0.056 0.047 1 0.0378 0.000 782 15. 84 32.48 98. 60
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Fig. 8 Comparison between experimental and calculated

values of permeability coefficient
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