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Abstract. The damage evolution oceurring in a set of clements in the nodes of the support-
ing onc- and two-dimensional lattices is analysed within the stochastic Fibre Bundle Model
approach, The clement-strength-thresholds are drawn from a given probability distribution
and the set of clements is subjected to an external load that is increased quasi-statically. If
an element fails, its load has to be transferred to the other intact clements. We compare
avalanche statistics L.e, the number of damaged clements for three different load transfer
protocols, namely the global, local and recently introduced so-called Voronoi load transfer
rule. Our example system is an array of nanopillars.

Introduction

The knowledge of {racture cvolution up 1o global rupture and its effective de-
scription are important for the analysis of the transport processes occurring in
heterogeneous media. From the theoretical point of view, the understanding of the
complexity of the rupture process has advanced due to the use ol lattice models.
An example of great importance is the family of transfer load models, especially
Fibre Bundle Models (FBM) |1-21]. In a static FBM, a set of fibres is located in
the nodes of the supporting lattice and the clement-strength-thresholds are drawn
from a given probability distribution. After an element has failed, its load has to be
transferred to the other intact elements. T'wo extreme cases are: global load sharing
(GLS, also known as cqual load sharing - ELS) - the load is equally shared by the
remaining elements and local load sharing (LLS) - only the neighbouring elements
suffer from the increasing load.

In this work, apart (rom the aforementioned transfer rules, we employ an ap-
proach based on Voronoi polygons - the extra load is equally redistributed among
the elements lying inside the Voronoi regions generated by a group of elements
destroyed within an interval of time taken to be the time step. We call this load
transfer rule Voronoi load sharing (VLS). This kind of load transfer not anly
merges the GLS and LLS approach concepts but also induces supplemental ran-
domness to the model. 1t is because of the fact that the number of intact elements
inside of a particular Voronoi region is random.
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The number of avalanches accounts for the number of load increase steps till
the whole system is completely damaged. As we can sec, the biggest number of
steps of load increase occurs for both the GLS and VLS rules. ‘The damage process
for the LLS rule runs in a much smaller number of steps of load increase. With
respect o the variants ol the LLS rule, it can be noticed that the bigger the number
of neighbours to which load is passed (from damaged pillars) the greater the num-

ber ol avalanches.

Tuble |

Statistics of damaging process for GLS, VLS and different variants of LLS. Results
are hased en 1000 samples, each containing ¥ = 1 000 pillars. Abbreviations: st. -
standard LLS, n - nearest neighbour, r - right neighbour, 1 - lelt neighbour

Average size

Load tansfer Average | Mean critical siress Mean critical stress :;f;‘;::‘_

rules :\ll‘;;::;i]h‘: (0'..)‘ = <F v :"/ N (0."':; > = \1" # >/ /A e > avalanche
(8]
GLS 20818 0.2507 0.5005 5009
2 VLS 3079.3 0.2505 04956 5054
st 1839.8 0.1654 02102 7866
In 1138.3 0.1070 0.1220 8771
N 1206.0 0.1127 0.1297 8687
b 3 1876.4 0.1683 0.2157 7803
_ n 19340 0.1727 0.2237 7720
H8 3n 20609 0.1826 0.2423 7536
Ir 1025 0.1036 0.1176 8812
Ir 11 13136 0.1220 0.1425 8363
RS 1118.2 0.1052 0.1196 8794
2 1445.7 0.1333 0.1587 §397

We define two quantities of critical stress related to
- initial number of pillars o, =+, /N

— size of catastrophic avalanche o, = F. /A

where 74, is the Lotal critical load causing a complete breakdown ol the system.

The values of the critical stress for GLS and VLS rules are very similar. For these
transfer load rules, the system is able to sustain a much bigger external load with
respect to the one corresponding to the LLS scheme. The results for variants of the
LLS scheme indicale that the average system strength incrcases as the number of
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