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ABSTRACT

Internal friction and void ratio will change among granular particles under vibration, and the size of void
ratio directly affects strength of granular media. To further study the effect of vibration parameters on
granular mechanical properties, discrete element method is used to simulate particles motion in a vibrating
rectangular case by PFC2D software and study the influence of vibration frequency and amplitude on void
ratio of particles under cyclic loading. The results show that void ratio and axial stress of particles, which
are with the same change trend, decrease with increasing vibration time, and the change process above is
consistent with vibration compaction theory of internal friction decreasing doctrine.

Keywords:. Vibration, Void ratio, PFC2D
1. INTRODUCTION

Discrete element method is commonly used to
study granular motion at present, and granular
system is considered as sufficient discrete elements,
and each particle or bulk is as an element to
simulate movement and distribution of granular
media according to interaction among particles in
whole process [1]. Compared with others, discrete
element method has fully considered the separation,
new contact among particles and elastic-plastic
deformation of granular media, which are caused by
relations of particles destroyed [2]. PFC2D software
is a tool used to study characteristics of granular
media and simulate large deformation problems of
solid mechanics and flow problems of particles[3].

Due to the complexity of granular motion, most
scholars at home and abroad are attracted to study
granular motion and have achieved meaningful
conclusions. T | Zohdi develops a flexible and
robust solution strategy to resolve coupled systems
comprised of large numbers of flowing particles
embedded within a fluid. A model problem,
consisting of particles which may undergo inelastic
collisions in the presence of near-field forces, is
considered [4], and the influence of the vibration
amplitude on the final packing density is studied.
The increase in the vibration amplitude leads to an
increase in the final packing density [5]. S Remond
presents a simulation study of confined periodic

mono-sized hard sphere systems under different
vibration conditions and their influence on the final
compaction [6-7].

In this paper, discrete element method is used to
simulate particles motion in a vibrating rectangular
case by PFC2D software and study the influence of
vibration frequency and amplitude on void ratio of
granular media under cyclic loading. Reasonable
vibration parameters are obtained to improve
compaction quality and work efficiency according
to results. Section 2 discusses the numerical
simulation process of movement and interaction of
particles and introduces test process by PFC2D
software. The numerica simulation results of
particles are analyzed in Section 3. Section 4
summarizes and concludes the paper.

2.NUMERICAL SIMULATION PROCESS
AND SUMMARY

2.1 Numerical Simulation Process

Nmerical experiment is built up according to test
processes and test procedures to simulate particles
motion in a vibrating rectangular case. Movement
and interaction of particles are only studied in this
paper by PFC2D software and it is no need to
increase combination form of elements. Round
particles are used to replace sand particle in the tests
and simulate granular media for convenience of
tests. Wall is used in PFC2D software to compose
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the rectangular case with 190, 280 mm in side
length, and left and right walls are constrained, and
sinusoidal pressure is applied on bottom wall to
simulate shaking table. The relation between void
ratio and axial stress is obtained in different
frequency and amplitude [8].

2.2 Summary of Test

Contact model is the core of discrete element
method, and spring-damper and diding contact
model are used in this paper.

Particles with specified quantity and particle size
are produced based on gaussian distribution in some
specified region of rectangular case, and the
minimum radius of particle is 0.25 mm, and the
maximum radius of particle is 0.85 mm. Particles
will compact on the bottom edge of rectangular case
under gravity action, and sine vibration is applied
on the bottom edge after particles reach stable
compacting state. The test process is shown as
Figurel.
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Figure 1. Numerical Smulation Tests
3. NUMERICAL RESULTS

3.1. The Change Law of Void Ratio and Axial
Stressunder Vibration Load
Three measuring circles are selected in the
coordinate range of natural packing particles, as
Figure 1(d). The average values of void ratio and
axial stress in measuring circles are used as
approximate value of void ratio and axial stress after

numerical calculation. The results, as Figure 2 and
Figure 3, show that void ratio and axial stress of
particles present nonlinear variation under
sinusoidal periodic load.
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Figure 2. The Curve Between Void Ratio And
Time

From the Figure 2 and Figure 3, void ratio and axial
stress of particles show a decreasing tendency with
increasing vibration time. Void ratio and axial stress
reach a less value at initial stage of vibration
because the bottom wall upward moves, and an
instantaneous impact force is applied on natural
packing particles which are subject to instantaneous
extrusion, and void ratio and axial stress decrease
rapidly, and the stage of particles changes from
natural packing to vibration compacting. At stable
stage of vibration, the change process of void ratio
repeats from low to high and then from high to low,
and decreasing amplitude is higher than rising
amplitude, and the values of axial stress change
repeatedly from zero to peak value and from peak
value to zero. Particles repeat jump and fallback
movement under vibration. Particles separate each
other while jump, and forces among particles
decrease gradually to zero, and pores among
particles decrease because of gravity and inertia
force, and axial stress increases while fallback. The
change of void ratio is less, and axia stress is less,
and all of them are tended to be stable at later stage
of vibration, and particles reach the compacting
state.
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Figure 3. The Curve Between Axial Sress And Time
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Change process between void ratio and axial
stress are analyzed in different amplitude, vibration
frequency and friction coefficient.

3.2. The Influence of Vibration Parameterson
Void Ratio

3.2.1 Theeffectsof frequency on void ratio

When amplitude is 0.001 m and vibration
frequency is 20Hz, 25Hz, 30Hz, 40Hz and 50Hz
respectively, the relation curves between void ratio
of particles and vibration time and the relation
curves between average void ratio and vibration
frequency are separately shown as Figure 4 and
Figure 5.

From the Figure 4, the variation range of void
ratio is 0.210~0.255, and the higher the frequency
is, the higher the wave frequency of void ratio with
time in the same amplitude, and change trend of
curves is similar and decline with increasing time.
From the Figure 5, average void ratio decreases
with increasing frequency, and the value of average
void ratio changes little when frequency is 20~25
Hz, and the value decreases rapidly when frequency
is 25~30 Hz, and the value changes little when
frequency is 30~50 Hz. The phenomenon shows
that sandy soil compactness increase rapidly in the
same amplitude when frequency is 25~30 Hz and
the conclusion is consistent with test.

3.2.2 Theinfluence of amplitude on void ratio

Curves between void ratio and time and curves
between average void ratio and frequency are
shown as Figure 6 and Figure 7 when frequency is
50 Hz and amplitude is 0.001 m, 0.002 m, 0.003 m
and 0.004 m respectively.
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Figure 6. The Curve Between Void Ratio And Time

From the Figure 6, the variation range of void
ratio is 0.185~0.255, and variation of void ratio is
similar in the same vibration frequency and
different amplitude, but extent of void ratio is

different. The larger the amplitude is, thelarger the
extent of void ratio and the general extent of void
ratio at initial stage of vibration. From the Figure 7,
the value of average void ratio decreases and
changes larger with increasing amplitude, except
that amplitude is 0.002~0.003 m. The phenomenon
shows that sandy soil compactness increases with
increasing amplitude, and the conclusion is
consistent with test.
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Figure 7. The Curve Between Average Void Ratio
And Amplitude

3.2.3 Theinfluence of friction coefficient on void
ratio
Curves between void ratio and time and curves
between average void ratio and friction coefficient
are shown as Figure 8 and Figure 9 when frequency
is 50 Hz and amplitude is 0.001 m and friction
coefficient is0.3489~0.5.
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Figure 8. Curve Between Void Ratio And Time

0226
2
502241
=
$0.222
(5]
&
£0220}
=

0218}

034 038 042 046 0.50
Y7,

Figure 9. The Curve Between Average Void Ratio
And Friction Coefficient
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From the Figure 8, the variation range of void
ratio is 0.2~0.25, and change of void ratio is similar
under the same working condition and different
friction coefficient, but extent of void ratio is
different. The smaller the friction coefficient is,
the larger the reduced extent of void ratio at initial
stage of vibration and the larger the general decline
extent of void ratio. From the Figure 9, average void
ratio increases and changes large and increases
rapidly with increasing friction coefficient, except
friction coefficient is 0.4~0.42 and 0.45~0.47. The
phenomenon shows that the smaller the friction
coefficient is, the smaller the void ratio, and the
result is consistent with test.

3.3 Relations of Vibration Parametersand Axial
Stress, Void Ratio
3.3.1 Relations of vibration frequency and axial
stress, void ratio

Curves between peak value of axial stress and
void ratio and curves between average void ratio
and frequency are shown as Figure 10 and Figure 11
when amplitude is 0.001 mand frequency is 20 Hz,
25 Hz, 30 Hz, 40 Hz and 50 Hz respectively.
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Figure 10. Curves Between Peak Value Of Axial Stress
And Void Ratio
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Figure 11. The Curve Between Average Void Ratio And
Freguency

From the Figure 10 and the Figure 11, the
maximum axial stress decreases with increasing
void ratio. The smaller the frequency is, the larger
the maximum axial stress in the same amplitude,
and extent of axia stress changes little while

frequency is 40 Hz and 50Hz respectively, and axial
stress decreases rapidly while frequency is 20 Hz,
25 Hz, and 30 Hz. The result shows that the higher
the frequency is, the smaller the void ratio, and the
smaller the clearance of particles, the smaller the
axial stress and shear strength in the same amplitude.

3.3.2 Relations of amplitude and axial stress,
void ratio
Curves between peak value of axial stress and
void ratio and curves between average void ratio
and amplitude are shown as Figure 12 and Figure 13
when frequency is 50 Hz, and amplitude is 0.001 m,
0.002 m, 0.003 m, and 0.004 m respectively.

From the Figure 2 and Figure 13, axial stress
decreases with increasing void ratio. The higher the
amplitude is, the smaller the axia stress value in
the same vibration frequency. Axial stress changes
little while amplitude is 0.004 m. Axia stress
changes larger and decreases rapidly with
decreasing amplitude. The phenomenon shows that
the larger the amplitude is, the smaller the void ratio,
axial stress and shear strength of particles in the
same vibration frequency.
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Figure 12. Curves Between Peak Value Of Axial Stress
And Void Ratio
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Figure 13. Relation Between Average Void Ratio And
Amplitude

3.3.3 Relations of friction coefficient and axial
stress, void ratio
Curves between peak value of axial stress and
void ratio and curves between average axial stress
and friction coefficientare are shown as Figure 14
and Figure 15 when amplitude is 0.001 m and
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frequency is 50 Hz and friction coefficientare is
0.3489~0.5.

From the Figure 14 and Figure 15, axial stress
decreases with increasing void ratio. The smaller the
friction coefficient is, the smaller the axial stressin
the same amplitude and vibration frequency. Axial
stress changes little while friction coefficient is
0.3489~0.4, and axia stress changes larger and
decreases rapidly while friction coefficient is
0.42~0.5. The result shows that the smaller the
friction coefficient is, the smaller the axial stress,
and the smaller the shear strength is, the better
compaction effect in the same amplitude and
frequency.
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Figure 14. Relations Between Strength Of Particles
And Void Ratio
90
85+
80
<
v
Sl
70
65+
032 036 040 044 048 0.52

friction coefficient
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4. CONCLUSION

Granular motion is numerically simulated based
on PFC2D software under cyclic loading, and
variation of void ratio and axial stress of particlesis
analyzed to study the influence of vibration
parameters on compacting state of particles and
reflect intuitively application of vibration friction
mechanism.

Void ratio and axial stress of particles show a
decreasing tendency with increasing vibrating time.
Void ratio and axial stress are smaller when
vibration frequency is 40~50 Hz in the same

amplitude or amplitude increases in the same
vibration frequency or friction coefficient decreases
in the same vibration frequency and amplitude. The
results show that the change trend of void ratio is
similar to that of axial stress, namely increasing or
decreasing simultaneously, under vibration load.
Axial stress and shear strength is also smaller when
void ratiois smaller, and the smaller the void ratio
is, the better the compaction effect. The changing
process is consistent with theory of vibrating
compaction in internal friction decreasing doctrine,
and validity of numerical simulationis proved.
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