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Particle breakage of rockfill during triaxial tests
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Abstract: The particle breakage directly modifies the structure of the rockfill, influencing its dilatancy, friction angle, strength,
permeability and creep deformation. However, the breakage law of the rockfill during shearing is still unclear. The particle
breakage of the basalt rockfill of Gushui concrete face rockfill dam during the sample preparation, consolidation and drained
triaxial shearing is studied by using the consolidated-drained triaxial tests. The research shows that the sample preparation of

the rockfill generates notable particle breakage. The isotropic consolidation of the sample generates little particle breakage.

Under low confining pressure, the particles can freely roll over and slide, and there is little particle breakage during the shearing.

Under high confining pressure, the rolling and sliding of the particles are limited, which increases the interlocked force among
the particles. And the particle breakage increases with shear strain. During the particle breakage, the large particles break first.
The diameter of the broken particle decreases with the increasing confining pressure. The content of the particle less than 0.5
mm always increases with the increasing pressure and the amplification also increases with the increasing confining pressure.
Under high confining pressure, the stress and shear strain both influence particle breakage. The relationship between the relative
breakage parameter Br and the shear strain under the same confining pressure can be described by hyperbolic formula.
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Table 1 Unloading shear strains under different consolidated

stresses

HBINA €, /%

o, /kPa
1) (2) (3)
100 18.46 11.12 4.41
500 16.01 4.56 1.87
1000 15.19 7.20 1.75
1500 14.35 9.39 1.90
2000 13.76 7.25 1.85
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Table 2 Particle-size distribution after sample preparation and consolidation

ARk (mm) $0RE /%

K& [Is/kPa
40~60  20~40  10~20  5~10  2~5

1~2  05~1 0.25~0.5 0.1~0.25 0.075~0.1 <0.075

B A 25.77  32.59 19.60 10.65 671 229 1.17 1.22 — — —
k== 1839  36.19 19.51 1133 813 192 215 1.20 0.41 0.13 0.64
500 19.46 3485 2074 1053 802 171 225 1.25 0.38 0.13 0.68
[i4] 45 J
1500 19.04  36.03 1818 1382 678 1.60 2.31 1.19 0.44 0.13 0.48
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Table 3 Particle-size distribution under different shear strains during triaxial tests

AFRAE (mm) $0R /%

o,/kPa &€ /%
’ ’ 40~60 20~40 10~20 5~10 2~5

1~2 0.5~1 0.25~0.5 0.1~0.25 0.075~0.1 <0.075

Je RIRTRLZR L, W3R 3 s

-5
-6
-7
-8
-9

k== 1839  36.19 19.51  11.33 8.13 1.92 2.15 1.20 0.41 0.13 0.64
18.46 17.37 36.45 18.49 13.04 7.48 2.03 2.39 1.32 0.46 0.15 0.82
100 11.12 18.44 34.15 20.10 12.44 7.67 2.14 2.37 1.31 0.45 0.13 0.80
4.41 17.58 36.86 19.28 12.55 7.16 1.92 2.11 1.23 0.42 0.13 0.76
16.01 11.27 37.97 21.80 13.62 8.18 1.53 2.50 1.38 0.41 0.22 1.14
500 4.56 15.78 35.81 21.08 12.55 7.84 1.93 2.42 1.30 0.42 0.12 0.74
1.87 18.91 35.46 19.39 11.91 7.48 1.87 2.37 1.25 0.46 0.14 0.78
15.19 11.59 33.05 21.59 15.11 8.91 1.86 3.58 1.90 0.79 0.26 1.36
1000 7.20 11.82 36.74 20.11 13.37 9.73 2.08 2.94 1.58 0.54 0.17 0.91
1.75 18.76 34.25 19.51 12.97 7.88 1.95 2.27 1.26 0.39 0.13 0.62
14.35 9.42 32.18 22.13 15.84 10.17 2.20 3.37 1.98 0.84 0.24 1.62
1500 9.39 12.24 33.54 21.07 14.35 9.45 1.96 3.39 1.81 0.74 0.24 1.22
1.90 17.47 35.96 18.86 11.93 8.74 1.98 2.41 1.34 0.43 0.14 0.74
13.76 9.78 34.22 19.32 14.51 10.45 2.54 4.03 2.12 0.91 0.29 1.81
2000 7.25 12.00 34.35 20.23 13.66 10.08 2.47 3.08 1.67 0.70 0.21 1.23
1.85 16.54 36.69 19.20 12.60 7.82 2.03 2.30 1.27 0.48 0.15 0.93
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Fig. 1 Stress-strain curves under different shear strains during tests
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Table 4 Relative breakage parameters during triaxial tests

o, /kPa &, 1% (0, —0,)/kPa B,
16.01 2761 0.024
500 4.56 2766 0.010
1.87 2226 0.002
15.19 4754 0.049
1000 7.20 4724 0.033
1.75 3159 0.004
14.35 6303 0.064
1500 9.39 6288 0.045
1.90 3782 0.009
13.76 7855 0.069
2000 7.25 6759 0.045
1.85 4007 0.010
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Fig. 2 Relative breakage parameters during triaxial tests
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Table 5 Parameters of relative breakage parameter fitting formula

o, /kPa B: 4,
500 0.070 30.2
1000 0.134 25.0
1500 0.230 34.8
2000 0.225 31.1
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