COMPDYN 2013

4"ECCOMAS Thematic Conference on

Computational Methods in Structural Dynamics and Earthquake Engineering
M. Papadrakakis, V. Papadopoulos, V. Plevris (eds.)

Kos Island, Greece, 12—-14June 2013

NUMERICALMODELINGOFDYNAMICCOMPACTIONINDRY
SAND USING DIFFERENT CONSTITUTIVE MODELS

M. Pourjenabil, E. Ghanbari’, and A. Hamidi®*

'Kharazmi University
P.O.Box 15614, Tehran, Iran
m.pourjenabi@khu.ac.ir

*Kharazmi University
P.O.Box 15614, Tehran, Iran
std_ghanbari@khu.ac.ir

*Kharazmi University
P.O.Box 15614, Tehran, Iran
hamidi@khu.ac.ir

Keywords: Dynamic compaction, constitutive model, numerical modeling, cap plasticity,
Mohr-Coulomb.

Abstract. Dynamic compaction is a useful method of soil improvement for loose sands. In this
method a tamper falls down from a specified height on the soil in order to reach the desired
compaction depth. The method is invented and introduced by Louis Menard and applied at
Nice airport in France. It has been developed and progressed afterward and has been used in
several projects for land reclamation.

Numerical modeling is a useful tool for simulation of dynamic phenomena in geotechnical
engineering. Several researchers have worked on numerical simulation of dynamic compac-
tion using different codes and implemented solutions for prediction of appropriate patterns of
compaction. However, less attention has been paid to the effect of different constitutive mod-
els applied in numerical solution.

In present research, ABAQUS 6.10-1 software is used for two dimensional modeling of dy-
namic compaction operation in dry sand. The program is able to simulate process of dynamic
compaction with high acquisition. Cap plasticity critical state model besides Mohr-Coulomb
failure criterion are used in numerical simulation and the effect of these constitutive models
are investigated on the peak particle velocity and peak ground acceleration besides the crater
depth.

Results of comparison indicated that application of different constitutive models influences
the numerical simulation of the phenomenon. Implementation of cap plasticity model results
in better prediction of crater depth and variations of relative density in depth compared to the
Mohr-Coulomb failure criterion.
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1 INTRODUCTION

Dynamic compaction is a useful method for compacting granular soils which has first been
introduced by Menard in 1975. This method is based on falling a tamper (weighting from 5 to
40 tons) from height of 15 to 30 meters on the loose sand that results in desirable compaction
and increases the shear strength of base soil.

Many researchers have used numerical or physical modeling to study this phenomenon [1-
8] and others have studied the results of dynamic compaction in the field [9-18]. In addition,
analytical methods have been used for surveying different parameters of this method [19-22].

In numerical modeling process, it is very important to utilize a proper constitutive model
for the soil in order to predict its behavior in a good manner. Unlike the behavior of soils in
triaxial tests or failure of the soil under foundations, that the increase in axial stress has an
important role in failure, increase in confining stress results in failure of soil during dynamic
compaction.

Mohr-Coulomb criterion assumes that failure occurs when shear stress on any point in a
material reaches a certain value that depends linearly on normal stress in the same plane
[4].Unlike Drucker-Prager criterion, Mohr-coulomb criterion assumes that failure of typical
geotechnical materials generally includes some small dependence on the intermediate princip-
al stress. Mohr-Coulomb constitutive model has been used for simulating dynamic compac-
tion in finite element code ABAQUS [4]. Cap-plasticity models have also been used by a
number of researchers for simulation of dynamic compaction in granular materials [24-26].

In this paper, a two dimensional model in finite element code ABAQUS is used to survey
the differences between cap-plasticity and Mohr-Coulomb constitutive models. Results are
compared with an experimental centrifuge test [7].

2 CONSTITUTIVE MODELS USED IN THENUMERICAL ANALYSIS.
In present study, numerical analysis has been performed using two different constitutive
models, i.e. Mohr-Coulomb and cap plasticity model.
2.1 Mohr-Coulomb model

Mohr-coulomb model is defined in t-c plane. In this model, shear strength increases with
enhancement of normal stress on the failure plane:

=ctotang (1

7is the shear stress, c is the cohesion of material, ¢ is the material friction angle ando is the
normal stress. Mohr-Coulomb failure criterion in Ilplane is shown in Fig. 1.

According to this criterion, yield strength in compression is higher than that in extension. It
shows the dependence of the behavior on the third invariant of the stress tensor. The criterion
is expressed in terms of maximum and minimum principal stresses, and hence does not
incorporate the effects of the intermediate principal stresses[27].

2.2 Cap plasticity model

The model predicts hardening behavior of soil and is useful for application in dynamic
problems. Cap models particularly are used to predict the behavior of soils under impact loads
[25, 28]. Also cap plasticity model with a linear shear yield surface has been used for model-
ing dynamic compaction process in granular soils [1]. In this study, similar cap plasticity
model has been used. Figure 2 indicates yield criterion of the model in the first and second
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stress invariants space, (J;-Vop). The model has two different yield surfaces to consider soil
hardening during shear and isotropic loading. First one is a linear shear yield surface based on
Drucker-Prager yield criterion in Eq. 2 and is fixed. The second one is a moving cap that is
defined by Eq. 3 and is used to express soil failure under isotropic effective stress.

Figure 1:Mohr-Coulomb criterion in ITplane
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Figure2: Yield surface of the cap model in stress space.
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o and x are constants of Drucker-Prager failure criterion. X is the hardening parameter; R is
the material parameter and / is the first invariant of stress tensor at the intersection point of the
fixed yield surface and the moving cap. Cap is extended due to the soil hardening based on
plastic volumetric strain in every step and is defined according to Eq.5.

X=-tin(1-%)+x )
=Tpn w 0
Here, W and D are material parameters and X is initial stresses due to gravity analysis.

3 NUMERICAL MODELING

Two dimensional axisymmetric model has been developed using ABAQUS as shown in Fig.
3. Compaction is performed using a 20 ton pounder falling from 20m height. Model height
and width are 18m and 14m respectively. Also the number of impacts is considered 5 and 10
blows in the analysis. Features of pounder and soil parameters in two cases of Mohr-coulomb
and cap plasticity models are shown in Tables 1 and 2 [7].

Interface elements have been used to define the contact between tamper and the ground sur-
face. Friction coefficient is taken 0.5 for contact property. Total time for each impact is 60sec
and minimum increment of time is 10®sec that is properly small for dynamic and specially
impact problems. Large deformation condition is also considered in this model.
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In the first step, gravity analysis is performed to exert initial stresses, also at the end of each
step, void ratio is obtained by substituting volumetric strain in Eq.6.

e=¢ey— (1+eys, (6)

Where e, is the initial void ratio and &, is volumetric plastic strain. Also e is void ratio at the
end of each step. Soil density at the end of each step is calculated from Eq.7. Hence, by apply-
ing maximum and minimum void ratios in Eq. 8, relative density and its rate of increase can
be determined.

GS w
y = (7)
Dr = —<maxr?_ (8)

emax —€min
Here, enq and ey, are 0.86 and 0.51, respectively. Also bulk modulus is reassigned through

Eq.9 considering the role of change in relative density and mean effective stress in different
soil layers. Applying bulk modulus in Eq.11, elasticity modulus is achieved in each step.

k = ky Py (205 9)
k, = Bexp(y.Dr) (10)
E =3(1-20)K (1)

Here,K is the bulk modulus, p is the mean effective stress, Dr is the relative density, P, is at-
mospheric pressure, f and y are 120 and 0.0134 respectively and ¥ is the poisson’s ratio.

| 14 m

Figure 3:Dimensions and mesh of the model

Parameters Value
Tamper weight 25 ton
Falling height 20 meter

Tamper cross section area 4.5 m’
Elasticity modulus 90GPa
Poisson’s ratio 0.2

Table 1: Tamper parameters
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Parameters Value
Internal friction angle 29.9 degree
Dilation angle 10 degree
Cohesion 0
Soil density 15.7 kN/m’
Y oung modulus 25 MPa
Poisson’s ratio 0.25
Damping constants(n;, n2) 0,0.01
R 4.33
Y 0.4
D 18x10” (m*/kN)

Table 2: Soil parameters

4 NUMERICAL MODELING RESULTS

Centrifuge tests have been used to simulate dynamic compaction process and the results
have been represented in different conditions of impact [7]. Initial relative density of soil was
35%. Contours of increase in relative density in soil for 5 and 10 blows are represented in
Figs.4-a and 4-b.As shown in Fig. 4-a, crater depth in Sblows, is about 1.2 meter. Also 40%,
20% and 10%increase in relative density induced in3.2, 4.2 and 5.2 meters depth respectively.
Fig4-b represents similar contours for 10 blows. It can be observed that the crater depth in 10
blows is recorded as 1.5 meters and 40%, 20% and 10% increase in relative density induced
in 4.55, 5.6 and 6.35meters depth respectively.

Figs 5-a and 5-b shows the results of numerical analysis using cap plasticity model for 5
and 10 blows respectively. Crater depth for Sblows is 1.27 meter and 40%, 20% and 10% in-
crease in relative density occurred in 2.7, 3.45 and 4.8 meters depth. Based on Fig. 5-b, crater
depth for 10blows is 2.12 meter sand 40%, 20% and 10% increase in relative density occurred
in 3.6, 4.85 and 6.32 meters depth.

Figs.6-a and 6-b indicate the results of numerical analysis using Mohr-Coulomb failure cri-
terion for 5 and 10blows respectively. Fig. 6-a shows the contours and crater depth for
Sblows.It can be observed that cater depth is 0.275 meters and contours of 40%, 20% and 10%
relative density are in 2.2, 3.11 and 3.67 meters depth. Based on Fig. 6-b, crater depth in
10blows is 0.377 meters and the depth associated to 40%, 20% and 10% increase in relative
density are 3.2, 3.62 and 4 meters respectively.
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Figure 4: Results of centrifuge test reported by Oshima and Takada [7] for (a) Sblows (b) 10blows
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Figure 5: Results of numerical analysis using cap plasticity model for (a) Sblows (b)10blows
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Figure6: Results of numerical analysis using Mohr-Coulomb model for (a) 5 blows (b) 10 blows

It is obvious from the figures that dynamic compaction process modeling using Mohr-
Coulomb failure criterion results in lower crater depth and higher depth of relative density
contours. It is due to the soil dilation after each impact which occurs using Mohr-Coulomb
model which is not able to predict failure during compressive loading of confinement. On the
contrary, modeling the soil behavior using cap plasticity model results is a higher crater depth
and relative density contours which are more consistent with centrifuge model test results.

Figure 7 shows the variation of crater depth with time for two applied models. It is visible
that crater depth in Mohr-Coulomb model is much lower than the other one. Also at the end of
each impact there is an unusual increase in volume of the soil which has not occurred for cap
plasticity model. As a result, Mohr-Coulomb failure criterion is not applicable for prediction
of dynamic compaction in numerical analysis.

S CONCLUSION

A two dimensional axisymmetric model was developed for simulation of dynamic compac-
tion process using finite element code ABAQUS applying Mohr-Coulomb and cap plasticity

models. Results are compared with a physical centrifuge mode and the following conclusions
are made:
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Cap plasticity constitutive model is suitable for predicting dynamic compaction process
because of its moving cap which enables the model to incorporate soil hardening dur-
ing isotropic compression and confinement.

Using Mohr-Coulomb failure criterion, the soil expands after each impact. The value of
dilation angle affects this dilative behavior. As a result, this model results in lower vo-
lumetric strains and less crater depth besides more depth of relative density contours
compared to the model tests. It can be concluded that Mohr-Coulomb criterion is not a
suitable model for prediction of dynamic compaction process.
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Figure 7: Variation of crater depth versus time for Mohr-Coulomb and cap plasticity models
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