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1. Different behaviors under vibration

Problem of settlement of railway tracks
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Experimental device
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Experimental device

Partially confined
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Fully confined



Fully confined samples

(a) Applied Force, AF = 0.5 kN
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Partially confined samples

(a) Applied Force, AF = 0.5 kN
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Most Im

(a) Fully Confined Samples

portant parameters

(b) Partially Confined Samples
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2. Discrete element model




Dynamic equations
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Load and boundary conditions

(@)
(b)

F= FO (1 +s1in (Dt) a quarter of a granular sample prepared using the

POgnganaganagnnaenal molecular dynamics under the gravity field
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£ N / |
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==
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L
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Dimensions Properties

[nitial density D 0.56G15 Particle density Pp 2710 kg/m?
Mean particle radins s 3.2 mm Particle Young Modulus E 1G.9 (GPa
Radins standard deviation o 5.6510~1  Particle Poisson’s ratio v 0.25
Radius of the evlindrical container  H 7hH mm [nternal friction coefhicient 7 0.5
Sample’s Length H GO 1mm Restitution coeflicients En €1 0.5

Table 1. System parameters and material properties used for simulation.



Preparation of samples
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Influence of different parameters

(a) Distribution of z for differents friction coefficients
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Response, F (kN

Besponsa, F (kN)

Comparison with experiments for static loads
Steel balls, r = 2.25 mm
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Fraction Volumque
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Coefficient de tassement B (m)

fully confined
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< The settlement increases with the acceleration
< Movement of grains in the partially confined case
< Critic acceleration at ~ 1.5g, in the partially confined case
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3. Computation of long term settlements

Definition of residual displacement

ug(T) = lim (ug(T + 7) — ug(0))

T— 0

For a cyclic loading this quantity can be defined by

Uit u((p+1)T) - u'(pT) A

u'()
u'tt)

- | 1 1 1 | 1 ;
pT (p+1)T

{n;fr c[0,T|,v3e S

ug(t) = uh(t) + uy(t)

= ug(t +T) = ug(t) + |uj(t+T) — uj(t)| + &



The parameters of the model are obtained by minimizing the quantity

R:Z(&p) Zﬂ:( T—|—pT—u(T—|—ij)

p=1 p=1

After k cycles of calculation using the molecular dynamic procedure, a linear
estimate of the residual displacements is obtained by

‘ R, : . , R
ig(t + (K + h)T) = ug(t + kT) + A Z ug(t + pT) —uz(t + (p— 1)T)
p=1

The logarithmic estimate is obtained by

ug(t + (k + h)T) = uglt + kT) +agln(t +(k +h)T)+ bglt+ (k+ )T



For linear estimations, the error is given by
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The function to minimize 1s

Flu) Z F _1': 3 | Zﬂlﬂgﬂﬂ | Z Z Wag(Usz)
; BeS

Example: obtained by a DM computation and an extrapolation with (ki = 20, k = 20,
and h= 20)
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Generation of a randomly distributed initial configuration of
small density { = 0.1)

h 4

Sample préparation, under gravity using the molecular dynamics

equilibrium criterion satisfied

v

Granular flow calculation during k; loadingcycles

>
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4

Granular flow calculation during the cycle p

v

Evaluation and storage of the residual displacements

p=1:|+].

<>

Estimation of the residual displacements trend

Estimation of (k+h)t configuration:
ug(t+ (k+h)T) = ug (t+ kT) + Flb, k, (Wl (t+ pT) .y )

v

Relaxation method




Examples

{a) Convergence study for ki=sh=10 {b) Convergence study for ki= 10 and k= 30
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Numerical simulation of settlement for cyclic loads
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4. Continuous model of granular media

 Unilateral constitutive law in 3D :
— Isotropic and homogeneous medium
— Small deformation

— Stress tensor negative definite

oW
(E } j o;nn, <0 o(e)=—
o€

e Linear continuous piecewise law



Contrainte
principale min.

déplacement

Model of ballast with unilateral behavior

Example : Pressure on an embankment made of ballast

élastique linéaire unilatéral

vertical




Finite element model of a railway track
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Vertical acceleration

Two layers model

e ballast : 30 cm
* soil : infinite half-space
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Conclusion

< Influence of the shape of the grains

— Ball versus polygons
— Dynamic versus static behavior

< Problem a large number of cyclic loads
— Long term procedure

< Mechanisms of settlement

< Coupling granular with continuous media for
structural computations



