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Bryant’13

geology: granular lubrificatioon

idea: cushion of granular gas  
          shear induces (granular) temperature 
          soil supported by pressure (normal stress)  
          gas: no shear stress ➔ lubrification
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Tribology in Dry Granular Systems

What is tribology in granular systems?

macroscopic bodies ➔ friction ➔ DEM 
tribology
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1

Kinetic Theory of Granular Gases provides an introduction to the rapidly developing 
theory of dissipative gas dynamics—a theory which has mainly evolved over the last
decade. The book is aimed at readers from the advanced undergraduate level upwards
and leads on to the present state of research. Throughout, special emphasis is put on 
a microscopically consistent description of pairwise particle collisions which leads to an
impact-velocity dependent coefficient of restitution. 

The description of the many-particle system, based on the Boltzmann equation, starts
with the derivation of the velocity distribution function, followed by the investigation 
of self-diffusion and Brownian motion. Using hydrodynamical methods, transport
processes and self-organized structure formation are studied. An appendix gives a brief
introduction to event-driven molecular dynamics. A second appendix describes a 
novel mathematical technique for derivation of kinetic properties, which allows for the
application of computer algebra. 

The text is self-contained, requiring no mathematical or physical knowledge beyond
that of undergraduate level standard physics. The material is adequate for a one-semester
course and contains chapter summaries as well as exercises with detailed solutions. The
book is accompanied by a companion web page, from where the molecular dynamics
and computer-algebra programs can be downloaded.

Cover image courtesy of Christoph Hormann

also available from
OXFORD UNIVERSITY PRESS

The physics of foams
Denis Weaire and Stefan Hutzler

Monte Carlo methods in statistical physics
M. E. J. Newman and G. T. Barkema

Physical hydrodynamics
Etienne Guyon, Jean-Pierre Hulin, Luc Petit and Catalin D. Mitescu

K
inetic Theory of G

ranular G
ases

Brilliantov
Pöschel

ogt

2

Kinetic Theory of 
Granular Gases

Nikolai V. Brilliantov
Thorsten Pöschel

oxford graduate texts

BRILLIANTOV FILM C2B  30/4/04  10:44  Page 1
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What makes tribology special  
in granular matter? 

tribology ↔ rheology 
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Tribology and Flow in Dry Granular Systems

outline:
❖ large-scale anisotropy and  

 non-local interaction  
 due to history of the system 
 (jamming)

❖ viscoelastic ↔ plastic

also for fluids, but in GM 
❖ common 
❖ dominate

(visco)-elastic

reversible

irreversible❖ fragmentation
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force chains

Nadukuru’12
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 large-scale anisotropy and non-local interaction due to history of the system

force chains

Behringer et al

Behringer, Luding  et al

Aste et al’01
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 large-scale anisotropy and non-local interaction due to history of the system

force chains

Radjai

statistics

Wittmer, Cates et al’96

theory - fixed principle axes 
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 large-scale anisotropy and non-local interaction due to history of the system
flow: dynamics

no particle flow  
in the bulk
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1cm

38.0°

36.5°

SiC Particles 
125-150 µm
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 large-scale anisotropy and non-local interaction due to history of the system
flow: dynamics

“fragile state” (Cates et al’98)

- elastic response to compatible loads 
- plastic deformation if loaded incompatibly  
- fragile state = special case of jammed state

Zimber, Kollmer, TP’13

tribology ➔ non-locality ➔ rheology
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 large-scale anisotropy and non-local interaction due to history of the system
flow: dynamics

Lowry 2012, https://www.youtube.com/watch?v1⁄4mxwPfwwy878 

liquid nitrogen   in a closed bottle
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 large-scale anisotropy and non-local interaction due to history of the system
flow: dynamics motion (dynamics) ➔ force chains ➔ large shear stress  

➔ re-act creation mechanism

increase of volume (explosion) 
→ normal forces 
→ shear forces (upward motion) 
→ dilatation at the wall
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density temperature

container and particles accelerated upward
→ container decelerates - sinus
→ shear → dilatation near wall

··z(t) = A cos(ω t) > g
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granular dynamics is 
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flow: dynamics: convection

Krülle

density temperature

container and particles accelerated upward
→ container decelerates - sinus
→ jamming
→ shock (=instantantaneous jamming)
→ shear stress (freezing)
→ CONVECTION

··z(t) = A cos(ω t) > g

granular dynamics is 
inherently supersonic
Esipov, TP’ 97

 large-scale anisotropy and non-local interaction due to history of the system

container and particles accelerated upward
→ container decelerates - sinus
→ jamming → shear → dilatation near wall

how important is this non-
locality for the dynamics?
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viscoelastic ➔ plastic transition: Granular meta-material

σ = FL
h2d

stress strain ε = Δz
108h
23L2

σ = Ebε
Götz, D’Angelo, TP’23

ultimate stress
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yielding of the force network — plastic deformation — history-dependent jamming state
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viscoelastic ➔ plastic transition: Granular meta-material

Götz, TP’23
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fragmentation — irreversible 

Nadukuru’12

Fracture

Canbalot, TP’25
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Fracture
brittle fracture / ductile

Bagheri, TP’26



Fracture - MSS
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Conclusion: 

Tribology and rheology are 
closely coupled in GM 

❖ large-scale anisotropy and  
 non-local interaction  
 due to history of the system

Tribology and Flow in Dry Granular Systems

❖ viscoelastic ↔ plastic

❖ fragmentation

(visco)-elastic
reversible
irreversible

Olfa D’Angelo Meysam Bagheri Utku Cambalot

Fabian ZimberJonathan Kollmer Achim Sack

Holger Götz
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Felix Buchele


