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Evolution of force chains in a granular assembly based on indentation test

XIN Hai-li, SUN Qi-cheng, LIU Jian-guo, JIN Feng
(State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: A granular assembly is a conglomeration of discrete solid and exists in nature widely, such as sand foundations, debris
flows and landslides, etc. It is found that external loads generally transmit along the quasi-linear path in the granular assembly, and a
special mesoscale structure between a single particle and the entire system, called a force chain, is formed. In other words, granular
matter has the typical characteristics of multi-scale. A series of discrete element simulations are conducted on a static granular
assembly subjected to indentation by a rigid flat punch. By proposing three conditions for defining a force chain, the evolution of the
strong force chain network is presented. The distribution of strong force chain length during the indentation of the punch is also
analyzed.
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Fig.1 Photoelastic Experiment in Tsinghua University
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Fig.2 The schematics of numerical experiment setup
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Table 1 Parameters used in simulation
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HBHE BXH /m? 0.2X0.1

FIEHLGERE b /m 2X107?

FICRBE B E v / (m/s) 5x10*

BHENEE 2/ m 5%107

LRI ¢/ s 3.13X10°

WRLEH N 25 000

BRI p /(g/em®) 2.65%10°

B/ NRIAE Rpa/m 8x10*

KRR Ruin /m 1X107

HRIAE <R>/m 9.2x10*

HBURLIN B R B 0.3

HOURL S S BE R TR 1 0.3

HEY /N RY 0.3

PP E /107 Pa 1.3

B ¢/ (m/s) 9.8
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Fig.3 Multi-scale structure in granular assembly
Light lines denote contact force F><F>,

dark lines denotes F<<F>
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Fig.4 Judgment of a strong force chain
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Fig.5 Flow chart for searching strong force chains
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Fig.7 The contact connection diagram
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Fig.8 The strong force chain network
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Fig.9 Probability density distribution function of force
chain length
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