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Collapse of Wet Granular Column under Gravity
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We numerically investigate the stability of a cylindrical column composed of wet granular materials under gravity
using the discrete element method. When the column height exceeds a critical value H, the column collapses under its
own weight. From the phase diagram for stability, we demonstrate that the critical height depends on the surface tension
y. Applying the Mohr-Coulomb yield criterion, we theoretically determine the critical height H, which is subsequently

validated through numerical simulations.
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Fig. 1 Schematics of the system. (a) A granular column is formed

>
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by applying external pressure within a cylindrical container.
(b) The granular column deforms under gravity after the
cylindrical container is removed
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Fig. 2 (a) Snapshots of granular columns for N = 6000, 8000, 12000, and 16000 with
y/(pgdz) = 5.3 just before the cylindrical container is removed. (b) Snapshots
of granular columns for N = 6000, 8000, 12000, and 16000 with y/(pgdz) =
5.3 sufficiently after the cylindrical container is removed
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Fig. 3 Bottom strain ¢ as a function of column height A for R/d =
9.1 and y/(pgd”) = 5.3
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Fig. 4 Phase diagram for the stability of a granular column on the
plane of H and y. Circles and triangles represent stable and
unstable states, respectively. The thick line indicates the
theoretical prediction, Eq. (13)
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Nomenclature

m; : mass of particle i [ke] k : spring constant [N/m]
X; : position of particle i [m] n : damping coefficient [keg/s]
t : time [s] R . initial radius of granular column [m]
F;; : contact force between particles 7 and j [N] R, : final radius of granular column [m]
F ,-(W) : contact force between particles i and walls [N] H . initial height of granular column [m]
F, f}’) . contact force between particles 7 and j [N] H, . critical height of granular column [m]
F ,-(jl-) . capillary force between particles i and j [N] y : surface tension [N/m]

l«S‘-‘) . adhesion between particles i and j [N] % : contact angle [-]

,.(j"," M) . maximum adhesion between particles i andj  [N] Vs : volume of liquid bridge [m?]
g . vector of gravitational acceleration [m/s?] p . density of particle [kg/m?]
d : diameter of the largest particles [m] De . density of granular column [kg/m?]
d; . diameter of particle i [m] o : normal stress [Pa]
7 . radius of particle i [m] T . shear stress [Pa]
Tij : harmonic mean of radii of particles i and j [m] 7y : yield stress [Pa]
J;; : overlap between particles i and j [m] o . friction angle [-]
Sy : normalized overlap between particles i and j [-] c : cohesion [Pa]
n;; : normal vector between particles i and j [-] & : bottom strain [Pa]
Vol. 62 No. 10 (2025) 559



(1]
(2]
(3]
(4]

(5]

(6]

(7]

(8]

[10]

[11]

[12]

[13]

560

: number of particles [-] Subscript
ij . particle number / and j
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