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Test and numerical simulation for mechanical properties of
laminated rock mass under dynamic loading
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Abstract; To study the dynamic mechanical properties and rupture mechanism of laminated composite rock mass
under the action of impact loading, we carried out loading tests of laminated soft and hard coal rock composites
consisting of coal monomer and white sandstone under different rates and impact directions by using the split
Hopkinson pressure bar (SHPB) device and LS-DYNA finite element analysis software combined with Holmquist-
Johnson-Cook (HJC) constitutive model. Results show that the strength of the laminated coal-rock composite did
not change with the loading direction under static loading. The peak stress and dynamic increase factor ( DIF) of
the laminated coal-rock composite under dynamic loading increased linearly with the impact velocity. The
mechanical properties of HS (H and S represent white sandstone and coal monomer respectively) composite with
better wave impedance matching were always better than those of SH composite, and this phenomenon gradually
decreased with the increase in the impact velocity. The dissipation energy density and incident energy density of the
laminated coal-rock composite showed a quadratic growth relationship. The fractal dimension increased with the
velocity, and the effect obtained when the stress wave transferred from hard into soft was better than that from soft
into hard. The degree of fragmentation of the laminated coal-rock composite became more and more intense with the
increase in the impact velocity, the degree of destruction of HS composite was greater than that of SH composite
under the same conditions, the white sandstone presented more shear-like fragmentation, and the coal monomer
presented more crushed conical destruction. The strength at the interface of the laminated coal-rock composite was
not consistent with that in other regions, resulting in a change in the order of destruction of the composite. The
overall strength law of the composite from small to large was: coal monomer non-interface region, coal monomer
interface region, white sandstone interface region, and white sandstone non-interface region.
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Fig. 1 Physical images of laminated composite samples
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Fig.2  CT scanning of internal structure of laminated composites
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Tab.1 Specific parameters of laminated coal-rock composite samples
HE S H% ¢/mm i m/g FNEE p/ (kgom~3) WPk v/ (m-s1) BEHESE o/ (mes ™)
SH-1 50.3 198 2004.78 2 065 i
SH-2 50.4 198 2 000. 80 2 100 {153
SH-3 50.0 189 1925. 14 1985 i
1 SH4 50.5 195 1 966. 59 2 085 LRbTY
SH-5 50.0 190 1935.32 2 190 3
SH-6 50.0 197 2 006. 63 2 020 =3
SH-7 50.5 190 1916.16 2 100
HS-1 50.0 191 1945.51 2 045 ik
HS-2 50.5 189 1 906. 08 2215 1R
HS-3 50.9 190 1901.10 2220 s
2 HS4 50.3 195 1 974.41 1 885 rid
HS-5 50.3 197 1.994.66 2 080 fi=3
HS-6 50.5 198 1 996. 84 2240 f=3ud
HS-7 50.2 197 1 995.59 1 945
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Tab.2 HJC parameters of white sandstone

po/ (kgem™3) G/MPa f./MPa S o D, D, Emin £
2 401 481 45.1 7 0.04 1 0.01 0.01
T/MPa p./MPa e k,/GPa k,/GPa ky/GPa &,
4 16 0.001 85 -170 208 60
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Tab.3 HJC parameters of coal monomer

po/ (kgrm™?) G/GPa S/ MPa S s D, D, Efin 1.
1 460 1.45 14.3 7 0.027 1 0.01 0.04
T/MPa p./MPa “, k,/GPa ky/GPa ky/GPa &,
1.86 30 0.12 85 -170 208 60
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Tab.4 Basic physical and mechanical parameters of rock

N W p/ Wk v/ PREHURSRE MR
AR
(kg'm™3) (m-s™") o,./MPa G/GPa
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Verification of dynamic stress balance of laminated composites
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Tab.5 Main dynamic mechanical parameters of laminated composites

KRGS R p/(kgom ™) i o/ (mes ™) VEAELN ] £,/ MPa WA A £/10 73 I T Sy
SH-1 2004.78 5.29 23.94 15.77 1.16
SH-2 2 000. 80 6.38 31.39 20.88 1.52
SH3 1925.14 6.61 30.43 16.56 1.47
SH4 1 966.59 7.21 41.41 16.77 2.00
SH-5 1935.32 9.19 45.17 25.08 2.19
SH-6 2 006. 63 11.20 56.47 27.80 2.73
HS-1 1 945.51 5.36 31.90 14.61 1.54
HS-2 1 906.08 6.18 37.56 20.63 1.82
HS3 1 901. 10 6.66 43.87 19.33 2.12
HS4 1974.41 8.33 46.20 17.35 2.24
HS-5 1 994. 66 11.32 55.62 21.78 2.69
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Tab.6 Fractal statistics of particle size of damages in laminated coal-rock composites

WA bl

ARSI Rt m, /g SR SR

45 o/ (mes™")

50 mm ™/8 D

<1.25mm1.25mm 2.5mm Smm 10mm 15mm 20mm 25 mm 30 mm 40 mm
SH-1 5.29 1 1 2 1 2 6 0 0 22 151 0 195 1.90
SH-2 6.38 4 3 11 16 10 3 3 0 44 90 0 181 2.09
SH-3 6.61 3 4 8 14 2 4 0 0 17 127 0 179 2.14
SH4 7.21 9 7 13 14 5 3 44 14 79 0 0 191 2.20
SH-5 9.19 15 9 20 17 14 0 39 0 83 0 184 2.32
SH-6 11.20 20 10 16 19 18 18 46 20 22 0 198 2.36
HS-1 5.36 2 2 6 11 14 3 0 0 24 126 0 187 1.94
HS-2 6.18 5 4 7 10 10 0 0 142 0 0 183 2.11
HS-3 6.66 8 5 12 14 11 26 0 108 0 0 188 2.18
HS4 8.33 13 9 19 19 0 26 18 85 0 0 193 2.32
HS-5 11.32 15 9 11 16 10 3 3 0 44 90 0 188 2.36
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Fig.23 Surface scanning by energy dispersive spectrometer
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Fig.24 Time history diagram of cross-section rupture of HS composite
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Fig.25 Time history diagram of cross-section rupture of SH composite
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Fig.27 Schematic of damage of axial section of HS composite
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