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1. Introduction

The nost frequently used far for the stress atonic level is based upon the Clausius vir
theorem which deterrines tte gress fieldamlied to tre surface of a fixed voluencontaimng
interacting particlegatoms). The virid dress includes the rass and velocity of atosy which
descriles tle fact that mass tramsfcauses echanical stres® beapplied on the surfaces extaetr
to an atorit system as well as it inludes pa-wise intgatomic forces and atoio positiors. It ha
been shown that the virial stresannot be directly related toetttlassical Cauchy stress aswl/eral
modifications have been proposed 2], It is essential toecognize that the sgg at the location ¢
an atom dpends on the details of the interatoninteractions and the ptiens of interading
neighbours. Hence, the atanstresss a non-local function of theate ofthe matter at all points ir
sonme vicinity of the refeence atomin contrast tdhe local fress field sed in cladsal continum
theories.

It seens that the relatiship béween local disfacenents of atora and the strain teor isnot
as anbiguous as the concept of atiorstress. Pason of atons is readily available froralmost all
molecular simulation atyyithms and the atordisplacerent can be easilgssesed. Strain reasure
is a relative quantity and one netdo configurations, the referee aml the pesen, in order to
define the local atoio strain. The atoin strdn should provide detailed local mrfnation about
kinemetics of the atonin relation toits neighbours and theue test othe atont srain concep is
how well it approxinates total strainf the sinulation cell by sumrimng local atont strains over all
atons present in the syem In the best case th&im should be equal or very close to the tc
strain calculated fronboundary coditions of the sinalation cell. The atom strain tensp was
calculated in [3] to bier understand changes Incal structure. ldwever, it has not bee
deternined whether or not the sum of local atoretrains corresponds toethiotal defomation of
the simulation cell wherloaded by eternd forces.

In this work we describe an ataestrain measure related to theatxsbrmation matrix
between tw deformation states. fAis measure idurther modified in ordeto take into accoun
nonaffine defomations taking place in abecular dsordered systesa Localized areas of nonafé
defomations indicate non-elastic pnse which evolves during loading [4].

2. Atomic strain measue and analysis

The atonic strain will be defined in ters of Voronoi tessllation. The atorm are assued to
be in their equilibriumpositiors, and thernal vibraions ae averagd. The Voronoi polyhedmn
around central atons conposed of a set of bepolyhedrons (interaction cells) whose rhanis
deternined by a nurher of neighbours to the deal atom During notion, the Voronoi polyhedro
associated ith the atomchanges itstape. The iteraction cell is definetbr each pair consisted «
a central atomand its neighbors. It is a part ®Pbronoi polyhedron that contains points situa
closer to this pair of points éim to any other. It is buildf two sub-polyhedrons (parts i
polyhedron surrounding central pint and a neighbamg point) haing comnon face. This is ¢
unique region for which it can be assathihat it is influencednly by these points.

The atonic strain is defined through the defaation gradient that is calculated byimmizing
the sumof quared separation distances betweeighbouring atosand subsequently weighted
corresponding polyhedra [5].
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As an example, olecular nmodeling and $rain calcdations has ken perforrad on CNT-
polypropylene nanocomposite. At first, the sgyst is constructed and subject to ene
minimization using Polak-Ribiere conjugate gead nmethod. Molecular dynams sinulation is
performed next usingNTP enserble in orcer toobtain an quilibrium state, which simitaneously
serves as a reference state. The nanposite has been subject to iamial tension along thi
nanotube a% and the malysis tas been pesfmed for nine debrmation steps with equilifation
runs afer eech step. Thdotal atonic stran of the systenresenbles very closely th strain of the
simulation cell calciated from boundary coditions. Fo instarce, the strain fromboundary
conditiors is0.0185 at tind loadng gep whereas atoimstrain gives 0.029.
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Figure 1. Voronoi tessellation of CNT at third stélefomation and evolution of the total CNT
stran as conpared to th totd nanoo@mposite stain.

Figure 1 shows Voronoi tessatiion only for atora belonging to carbon nanotube at th
loading stepand the eelution of CNT total ¢rain during loadng history. The nanotube strai
follows the strin of nanocorposite to a certa loading levéand then lags &r it asloading ofthe
nanoconposte increases. This is cleavidence that we need to dedth an interfcial sliding. A
detailed analysis atotny atomwould be necessary to disclose andrabteize an atmic nature of
interfacial debonding.

3. Conclusion

The nost important conclusion to emge fom present investition is tha aomic strain
concept based on the construction of Voronoiscekovdes neans to bridge moleculamé
continuumlength scales. This coept will be illustrated furthewith other exarples conprising
slippage of functional nanowiresat interfacesin polymer based natonposites and cohesiv
fracture plenorena at interfaces.
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