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Outline 
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Å Motivations 

ü Analyze an equivalent discrete system with long range interactions 

to detect nonlocal behaviour at the continuum level  

ÅComputational Model 

ü Nonlocal effect in discrete systems  

ü Nonbonded interaction generalized potential  

ü FE model based on large displacement formulation 

ü MD model based on potential energy formulation 

ÅNumerical examples 

ü Monodimensional Case study 

ü Bidimensional Case Study 

V Flaw-tolerance and Force-distribution 

ÅConclusions  

ÅComing progresses 
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Scenario 

Nonlocal continuum theories to 

describe long-range interactions 

 

 

 

     Gradient models 

     Integral formulations 

     Fractional calculus 
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Discrete systems of particles or 

molecules to describe long-range 

interactions 

 

 

     Lattice beam models 

     Born models 

     Spherical elements models 

     Molecular Dynamics 
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New model proposal 

Objectives: 

1)Nonlocal behaviour prediction for continua by 

upscaling                       the mechanical behaviour of discrete 

nonlocal structures 

2)Interpretation in view of network and graph theory 

Node 

Removal 

Nonlocal 

effects 

Redundancy 
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Numerical method 

Discrete system of atoms or molecules 

Initial coord. in global system 

Element displ. vector 

Coord. in updated config. 

(large displ. theory) 

Gap vector in local ref. system 

    R = rotation matrix 

    L = operator matrix  

X = (X1,Y1,X2,Y2)T

u = (u1,v1,u2,v2)T

x = X + u

gloc = RLx

Force vector  in local system Floc = (FLJ ,0)T

P. of V.W. linearization to apply Newton-Raphson procedure  

K = Kmat + Kgeom

p = RL +
µR

µu
Lu
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T

Floc

Stiffness matrix 

Residual vector 

Third order 

tensor 

M. Paggi, P. Wriggers (2011) Comp. Mat. Sci., 50:1634-1643 

Finite Elements Analysis Program 



Constitutive law: L-J potential 
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L.Y. Jiang et al. (2006) J. Mech. Phys. Solids 54: 2436-2452  

Etot = Eb + Enb

PLJ = 4e
r0
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e = depth of potential well

r0 = equilibrium distance

Generalized formulation

a = 13 b = 2

FLJ (gn) = - ÐPLJ (gn) = -
dPLJ (gn)

d(gn)



Monodimensional Model 
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NLI = NonLocality Index 

NLI =
max(l i )

l0

l i = length of the i-th link

l0 = local link length

Local system 

NLI = 1 

Nonlocal systems 

NLI = 2                       NLI =3 


