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1. Introduction

Usually, the models of generation of the cell colonies ugetiiasi-static discrete element ap-
proach to evaluate the contact forces between the cellsTHig. forces are necessary for evaluation
of the mechanotransduction phenomena [2]. In contrastisafiproach we use compliant particles.
The use of the non-rigid particles changes the stressa#hdistn in the particles assembly. Even
intuitively, it is closer to reality.

2. Cdll colony

The cell colony stands for a piece of tissue. We employ a mgid-model of a single particle
of equivalent stiffness to the cell. The calibration is désleowing the paper [3].

@ W
Fig. 1. Single cell (a) Group of cells (b).

(b)

The group of cell avatars in Fig. 1 (b) has been generatedagmgl the agent model in the
framework of the FLAME platform (Flexible Large-scale Ageviodelling Environment) [1]. It
consists of the stem cells, the TA cells and the Committel$.c@lhe avatars are replaced with the
equivalent stiffness cells, Fig. 1 (a).

3. Multibody approach

We apply the program LMGC90 [4], [5] with the possibility ofadelling of contact of large
number of compliant particles that are discretized withidielements.

The governing equations are written in the framework of thpraach that was proposed by
Moreau and Jean [4]. The set of equations of motion incluthegnitial and the boundary conditions
takes the form:

@ M@n-a)= [ (R85 +P)ds + Py

whereM is the mass matrix is the vector of generalized displacemeR3) is the vector of external
forces,F(q, g, t) is the vector of internal forces including the inertia teramelp,_ , is the vector of
impulse resulting from contacts over the time step.



The integration with thé scheme of the above system of equations leads to the equation
©) MU AGE = pf,. + P
The effective mass matrid” reads:
3) M" =M + n262K*

whereh is the time incremeny] is the integration coefficier].5, 1] andK is the tangent stiffness.
The 6 coefficient is taken as 1.0 yielding the Newton-Raphsorgiatigon rule. The effective vector
of forces free of contact is of the form:

(4) PY e = MEGE, + M (G — GF,y) + B[(1— 0)(Fi+ P) + O(FE,, +Piy)]

Contact impulses are computed using the NSCD method impiesdén the LMGC90 software plat-
form. Firstly, it will perform contacts detection betweeglls. Then the previous dynamics equations
will be expressed in term of contact unknowns (gap or redat@locity and contact impulse). Af-
terward a Non Linear Gauss-Seidel method computes theasritapulses. Finally, the resulting
impulse on cells nodes due to contacts impulses are addée ttyhamics equation to compute the
new velocities and positions. We use the Open-MPI paradiedion of the program [2].

4. Concluding remarks

With the presented scheme we calculate contact forces brtthe particles. The scheme that
is based on a coupling of LMGC90 software and the modelingeié chas been joined to an agent
model able to take into account the effect of the stress &wolin the growing tissue [6].
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