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Effect of the characteristics of granular media on dynamic penetration test -
Numerical study using 2D - DEM.

Quoc Anh Tran'-*, Bastien Chevalier':**, and Pierre Breul"

"Université Clermont Auvergne, CNRS, Institut Pascal, F-63000 Clermont-Ferrand, France

Abstract. The paper presents a numerical study on the influence of the properties of granular media on light
dynamic penetration test results. A numerical model based on the Discrete Element Method (DEM) in 2
dimensions has been carried out. The model is able to reproduce the penetration tests in dynamic conditions.
The model provide for each impact, the load—penetration curve that presents the evolution of reaction forces of
granular media acting on the tip of the penetration test. The load — penetration curves are investigated in terms
of tip resistance and analyzed by using the Discrete Fourier Transform in order to study the oscillations of the
curves. The influence of the properties of granular media on the load-penetration curve has been investigated.
We concentrated on the influence of particle friction and sample compacity. Besides the known results obtained
in the literature by the dynamic tip resistance analysis for macroscopic response, we found that for a particle
friction greater than 0.5, tip resistance and oscillations of signal are stable. Concerning the sample compacity,
although variation of volume fraction is tight (¢ = 0.817 — 0.844), a clear variation in terms of tip resistance

and amplitude spectrum is highlighted.

1 Introduction

In the practice of geotechnical engineering, light dynamic
penetration testing device such as Panda penetrometer can
be used to mechanically characterize soils [1, 2]. Based on
recent technological developments made on this device, it
is possible to record for each impact the curve of tip stress
or tip force versus the tip penetration distance [3]. This
curve, referred to as load - penetration curve, provides in-
formation on dynamic tip resistance but also on additional
mechanical parameters involved during the driving of the
tip [3, 4].

In order to validate the methods of analysis and to bet-
ter analyze the load - penetration curve obtained, many
works focused on penetration tests in dynamic conditions
with impacts by using DEM in 2D and in 3D [3-7].

In this paper, we will present at first the numerical
model and parameters used to reproduce the dynamic pen-
etration test in granular media presenting different proper-
ties, using DEM, as well as the method used to analyze the
load - penetration curve [6, 7]. The following section ex-
plains how the load - penetration curve obtained from dy-
namic cone penetration tests was analyzed. At the scale of
the contact or of the particle, the shapes of the load - pene-
tration curves are analyzed in terms of both frequency and
amplitude of signal oscillation by using Discrete Fourier
Transform (DFT). Finally, the influence of material pa-
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rameters is discussed: particle friction coefficient, volume
fraction.

2 Numerical Model

The numerical model in two dimensions is used with
Itasca software PFC2D [8] to reproduce the dynamic pen-
etration test. The description of the model and the effect
of the impact velocity are addressed in the papers of Tran
[6, 7].

In a rectangular with size of 0.60 x 0.45 cm, we gen-
erated 10 000 cylindrical particles of 0.4 c¢m, where the
ratio between maximal and minimal particle diameters
Dinax/Dpin 1s equal to 2; Dy, = 0.7 cm. The impacting
velocity is equal to 1.25 m.s~! in order to obtain an av-
erage penetration distance that is representative of exper-
imental tests (Fig. 1). The Table 1 summarizes the main
parameters of the model.

The effect of friction coefficient was studied, with a
volume fraction corresponding to random close packing:
friction equal to 0.00 was used during sample generation.
The friction coefficient - u varies from 0.05 to 1.00.

The effect of volume fraction was also studied for dif-
ferent friction coefficient were used in the radius expan-
sion phase, in order to reach different values of volume
fraction. In the phase of penetration test, particle friction
was equal to 1.0. The volume fraction of particle assembly
before penetration test - ¢ varies from 0.817 to 0.844.
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Table 1. Parameters of the model 3 Investigation of load - penetration curve
Parameter Symbol _ Value Unit 34 Macroscopic exploitation - Tip resistance
Width box L 0.60 m
Height box H 0.45 m Tip force F, is defined as the vertical component of the
Particle density e 2700 kg.m™> force applied by the granular material on the tip as it drives
Normal contact stiffness ky 1.250e8 N.m~! in the granular with a penetration distance s. Figure 2
Tangential contact stiffness  k; 9.375¢7 N.m~! shows examples of load - penetration curves F, = f(s)
Rod friction coefficient Hrod 0.0 - obtained for 3 impacts with the numerical model. The re-
Tip friction coefficient Hiip 0.3 - sponse obtained with the model is similar to the one clas-

sically obtained experimentally [4].
The dynamic tip resistance R; of the granular material

v = 1250 mm/s . .
‘ Impact d for one impact was calculated as the average tip force Fy

| m | for penetration distance between 0 and 4,
Dyp=1.6 cm
Dy=1.4em | Lsmax
Ry=--. f Fo(t) ds(0) (1)
e | o
:, Then, < R; > is the average value of dynamic tip re-
S sistances obtained for the five impacts and for the three
K ; samples.
E N
2; 3.2 Frequency analysis by using Discrete Fourier

L=0.60 m Transform

As the properties of the granular material change, the
shape and size of these variations change too. Conse-
quently, it seems that the load - penetration curve can pro-
vide not only the tip resistance of granular media but also
information on the granular material properties.

Fourier transformation provides a powerful way for
study discrete data acquisition in the frequency domain.
25 ' ' ' We define the band - pass of frequency from fi 4, to

Figure 1. Dynamic penetration test presented by Tran [6, 7]
with tip details.

Siimiteas for obtaining the full oscillation information of
load - penetration curve (Fig.3). The frequency fi, 4 is the
20 1 first local minimum value of the amplitude spectrum that
corresponds to a transition zone where amplitude spectrum
— 15 | decreases rapidly, f; < 100 m~". The frequency fiimitea pro-
Z vides the most significant information to rebuild the signal
:@ with inverse DFT and to filter the signal noise. fjnireq 18
g 10 . the frequency having an relative error (RE) smaller than
BS 10 % (Eq.2).
E‘ s | The relative error RE between the reconstructed signal
of the k first components - F’ S(s) and the original signal -
F4(s), with N - points DFT, descripted by the following
0 . equation has been computed:
N
5 - : : DUAF] = Filoa x (s = s

0 2.5 5 7.5 10 RE=-‘=1

Z Fyx(s' - s7h
i=1

In order to quantify the oscillations of signal for each ma-

terial and in order to compare them to each other, we de-
fined the coefficient A f as the average value of the product
of the frequency f; and the associated amplitude A; de-
tected in the band - pass range [ firans» fiimitedl:

2

Penetration distance s [mm]

Figure 2. Load penetration curves examples obtained for differ-
ent impacts by numerical model [6, 7].

2, A i 3)
Af: i=1 .
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Figure 3. Example of the amplitude spectrum of one impact with
difference N - points DFT. The amplitude spectrum becomes sta-
ble when N - points DFT increases.
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Figure 4. Load - penetration curve examples obtained in a dy-
namic penetration test for different particle friction coefficients u
=0.05 - 1.00.

with n the number of frequencies detected in band-pass
range [ftrans’ flimited]-

4 Effect of particle friction

Figure 4 shows, for each value of particle fiction coeffi-
cient - u, the load - penetration curve obtained for one
impact. We observe that the magnitude of tip force F,
is similar for u equal to 0.50 and to 1.00. In addition, the
amplitude of oscillations of the curve increases as u in-
creases. Figure 5 presents average value of < R; > and
of < Af > when y varies from 0.05 to 1.00. For greater
values of u (> 0.5), average tip resistance < R; > presents
a plateau; average value of < Af > seems similar when u
> 0.5. Thus, this tends to show that for materials having a
friction angle greater than 45 degrees regardless the shape
of the particles, the influence of the variation of friction

15
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Figure 5. < R, > and < Af > as function of particle friction u.

becomes negligible on the tip resistance and shape of load
— penetration curve.

5 Effect of particle assembly density

Figure 6 shows the load - penetration curves of five suc-
cessive impacts for different values of volume fraction.
Higher volume fraction corresponds to higher penetration
resistance of the material. As the impact energy is con-
stant, the maximal penetration distance decreases as vol-
ume fraction increases. Also, the curve oscillate with
greater amplitude for higher volume fraction ¢. Figure 7
shows that the tip resistance < R; > increases with vol-
ume fraction ¢, even though the range of ¢ is quite nar-
row from 0.817 to 0.844. Tip resistance < R; > is very
sensitive to volume fraction as already observed by other
authors [1, 2]. Thus, the tip resistance < R; > is pertinent
parameter for the evaluation of the density. By the DFT
analysis, we found that it seems that when ¢ increases,
the average value of < Af > increases. It means that the
volume fraction have an effect on the oscillation of load -
penetration curve (Fig. 7).
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6 Conclusion

In this paper, we presented the influence of characteristics
of granular media (i, ¢) on a numerical dynamic penetra-
tion test of Panda 3. For each characteristic material, the
penetration tests are analyzed in terms of the average tip
resistance < Ry > in a classical analysis on the one hand,
and on the other from the DFT analysis that allows us to
go further on investigation of the load - penetration curves
in terms of signal oscillation analysis.

The influence of the variation of friction becomes neg-
ligible on the tip resistance and shape of load — penetration
curve when friction angle is greater than 45 degrees. Con-
cerning the volume fraction, a clear variation in terms of
tip resistance and amplitude spectrum was observed when
¢ varies from 0.817 to 0.844.

Tip force Fd [kN]

Tip force F, [kN]

Z The analysis of the signal presented in this paper could
ﬁt be useful to extract more information from the penetrom-
o eter test results, about the physical properties of the mate-
9] .
8 rial.
S
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Figure 7. < R; > and < Af > as function of volume fraction ¢.



