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Abstract: Finite element models, which employ the Drucker-Prager yield criterion, have been
developed to simulate the static contact statuses between conical silos and granular materials
in 3 forms: the near contact, the sliding contact and the sticking contact. Contact conditions
are established when 2 separated surfaces touch at normal direction while maintaining
tangential relative movement. In general physical meaning, the surfaces in contact status have
the following characteristics: 1) No penetration between each other; 2) The normal pressure
and the tangent friction force may be transferred during contact; 3) Generally the normal
pulling force cannot be transferred when surface separation occurs. Due to the symmetric
property of conical structures, simplified two-dimensional contacting simulations are carried
out in this paper, nonlinear finite element software ANSYS is used and the contacting
surfaces between granular materials and conical silos are defined with rigid-to-flexible
surface-to-surface contact pair. The target surfaces of conical silos are modeled with
TARGE169 element and the contact surfaces of granular materials are modeled with
CONTAI171 element. During finite element analysis, conical silos and granular materials are
meshed with two-dimensional solid element, PLANE42. The static contact statuses are
investigated with conical silos containing different granular materials. The silo geometries
vary at a dip angle of 20°, 33.7° and 45°. Sunflower seeds, corn, coal, rounded gravel and
wheat are selected as the granular materials. Results show that the mechanical properties of
granular materials (including bulk density, elastic modulus, Poisson's ratio, dilation angle,
internal friction angle, cohesion) and silo designs (especially dip angle) have significant
effects on the contact statuses at the interface between conical silos and granular materials: 1)
For various granular material, 3 contact statuses, i.e. the form of near contact, sliding contact
and sticking contact, can be found between granular materials and conical silo walls; 2) The
contact statuses between conical silos and granular materials do not depend on (or not mainly
depend on) any mechanical property of granular materials. The contact statuses are a
combined effect of all mechanical properties of granular materials. Those granular materials
with very small dilation angle may have the near contact statuses. Those granular materials
with higher cohesive force usually present a smaller sticking contact area, and those granular
materials with higher elastic modulus and bulk density usually present a larger sticking
contact area than those with opposite material properties; 3) With the decreasing of conical
silo depth, the near contact area disappears, the sliding contact area decreases and the sticking
contact area increases. 4) Under the sliding contact status, the friction energy dissipation is
mainly due to the relative motion between contact surfaces. Under the sticking contact status,
the friction energy dissipation is mainly due to the elastic deformation because of the contact.

The greater the sticking contact area, the more difficultly the silo discharges. The greater the



sliding contact area, the more seriously the silo internal surfaces could be damaged. Since
larger sticking/sliding contact area inevitably causes unloading difficulties or friction
damage, contact statuses between granular materials and conical silos should be optimized in

the silos design in order to boost storage efficiency.

Key words: finite element method; contacts; mechanical properties; granular material;

conical silos; contact statuses; sliding contact; sticking contact; near contact
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Table 1 Material parameters of sunflower seeds, corn, coal, rounded gravel and wheat

— MEERS ARD F/RK 5 HILE - RIERE  REEE-98INK)  BERRBINR
Internal friction Cohesive Dilation Poisson’s Elastic Bulk density/ Friction coefficient
ranuiar matenaits angle/(°) force/Pa angle/(°) ratio modulus/Pa (kg~m'3) (to Steel)

¥ Sunflower seeds!™! 24.0 18 500 9.7 0.33 0.567x10° 446 0.21
EX Com'? 25.0 18 000 327 0.31 3.71x10° 762 0.20
¥ Coall'! 40.0 3000 40.0 0.25 20.0x10° 917 0.41
[BE# ARounded gravel"! 38.0 4000 38.0 0.25 33.0x10° 1978 0.51
/NE Wheat!"! 222 9500 23.1 0.37 3.73x10° 852 0.19
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Table 2 Comical silos material parameters and contact parameters
of conical silos and granular matenals

£ 8T Ttems #2411 Parameters
¥ Density/(kgm™) 7830
h EHi . Yang modulus/Pa 2.1x10"
1§ e Poisson’s ratio 03
S HL 0T Mesh element PLANE42
Hfik 10T Contact elements TARGE169 Y CONTA1TL
A B Contact form WI-2E, -
P ERRIER T 1

Normal contact rigid factor
T KFE
Maximum penetration depth 0,001 m
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