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Fig. 1. (a) Schematic diagram of the experimental device; (b) pendular bridges in wet glass bead sample.
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Fig. 2. (a) Sinusoidal acceleration signal with frequency
f=300Hz and displacement amplitude A = 565 nm and

(b) its spectrum diagram.
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Fig. 3. Variation of bulk modulus K of glass bead samples
with pressure p under different kinematic viscosity g (li-

quid contentw = 1%).
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Fig. 4. Variation of bulk modulus K with kinematic viscos-

ity v, under different pressure p (liquid contentw = 1%).
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sure p under different kinematic viscosity g (liquid con-
tentw = 1%).
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Experimental study on bulk modulus and dissipation of dry
and wet granular samples under vertical vibration”
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Abstract

Dry granular materials are composed of a dense random packing of macroscopic grains. As a small amount
of liquid is added to granular samples, the liquid bridge forces, i.e. the forces between liquid and the grains,
have an influence on the mechanical properties of wet granular material, and some of these properties are quite
different from those of dry granular materials. In this work, by measuring the acceleration of the sample
chamber and the force exerted on it by the shaker, the variations of bulk modulus and energy dissipation of
both dry and wet glass bead samples with pressure and viscosity under vertical vibration are studied. The
results are shown below. 1) Under low saturation, the bulk modulus of dry and wet glass bead sample are both
described by a power law scaling law with pressure, which is close to the power law relationship predicted by
the efficient medium theory on the basis of Hertz contact potential. A small amount of liquid can increase the
bulk modulus of glass bead sample. At the same pressure and liquid content, the bulk modulus of wet glass
bead sample increases with liquid viscosity increasing. Based on Hertzian contact mechanics, an efficient elastic
network model is proposed to illustrate the mechanism of increasing bulk modulus of wet glass bead samples.
2) The energy dissipation of dry and wet glass bead sample decrease following the power law of pressure, and
the energy dissipation of wet glass bead samples is proportional to the kinematic viscosity of liquid. 3) With the
increase of strain amplitude, the softening behavior of the wet glass bead sample is similar to that of the dry
glass bead sample, when the strain amplitude is higher than the strain threshold value. The kinematic viscosity

of liquid inhibits the softening behavior of glass bead sample.

Keywords: granular materials, bulk modulus, energy dissipation, capillary forces

PACS: 45.70.—n, 62.20.de, 62.40.+i, 05.70.Fh DOI: 10.7498 /aps.71.20220329

* Project supported by the National Natural Science Foundation of China (Grant Nos. 91634202, 11972212).

1 Corresponding author. E-mail: qcsun@tsinghua.edu.cn

184501-8


http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.1122/1.5026979
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.7498/aps.67.20180966
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1103/PhysRevLett.112.175502
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1209/0295-5075/82/24004
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevLett.101.138001
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1103/PhysRevE.98.032905
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1038/nature04015
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.92.022203
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1103/PhysRevE.99.042902
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.ultras.2009.09.034
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1016/j.powtec.2009.09.017
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1088/0953-8984/17/9/013
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1029/JB078i005p00810
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1093/gji/ggx460
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1088/1742-2140/aa7179
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1111/j.1365-2478.2011.00951.x
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1051/epjconf/202124908003
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.1016/j.ijmecsci.2019.105373
http://doi.org/10.7498/aps.71.20220329
http://doi.org/10.7498/aps.71.20220329
mailto:qcsun@tsinghua.edu.cn
mailto:qcsun@tsinghua.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

FHIRS T TEERAE R R PIRE SRR
HFE INER Tap KELE REwW % RE

Experimental study on bulk modulus and dissipation of dry and wet granular samples under vertical vibration
Du Qing-Xin  Sun Qi-Cheng  Ding Hong-Sheng  Zhang Guo-Hua Fan Yan-Li  An Fei-Fei

5] Fi{5 B Citation: Acta Physica Sinica, 71, 184501 (2022) DOI: 10.7498/aps.71.20220329
TEZE[7]1 View online: https:/doi.org/10.7498/aps.71.20220329
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FRFT BRI AR I HA SCEE

Articles you may be interested in

PRSI AURL Y )1

Wet granular matter mechanical spectroscopy under low—frequency shear

WIFEAEA. 2018, 67(20): 206402 https://doi.ore/10.7498/aps.67.20180966

T e AN R A RS A T o M RE SR AR L T
Influences of hydroxyl groups on friction behavior and energy dissipation of carbon nanotube

PPz 2018, 67(7): 076101 https://doi.org/10.7498/aps.67.20180311

BEE ARSI T BB B LT T AR

Investigation of granular capillary rising under vertical vibration

PyFEEEAR. 2022, 71(10): 104501 https:/doi.org/10.7498/aps.71.20212333

WURLY R I e/ NERAZ BT R A EE RIS

Numerical simulation of a spinning sphere moving in granular matter

PFEEEAR. 2018, 67(1): 014702 hitps:/doi.org/10.7498/aps.67.20171459

S REASALL R0 2 O 0 280 et o R T i % O BE 37 A

Analy51s of the granular pressure and velocity field of hourglass flow based on the local constitutive law

YrHE2E4. 2019, 68(13): 134701  https://doi.org/10.7498/aps.68.20182205

URL TR i 7 YA~ A5
A thermodynamic model of grain—grain contact force

WIFRAAR. 2018, 67(4): 044502 hitps://doi.org/10.7498/aps.67.20171441


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20220329
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20180966
https://doi.org/10.7498/aps.67.20180311
https://doi.org/10.7498/aps.71.20212333
https://doi.org/10.7498/aps.67.20171459
https://doi.org/10.7498/aps.68.20182205
https://doi.org/10.7498/aps.67.20171441

