
PROCEEDINGS OFTHE SECOND INTERNA TIONAL CONFERENCE ON MlCROMECHANICS 
OFGRANULAR MEDIA / BIRM1NGHAM /UK/ 12-I61ULY 1993 

Powders & Grains 93 
Editedby 

C.THORNTON 
Aston University, United Kingdom 

A. A. BALKEMA l ROTTERDAM l BROOKFIELD 1 1993 



Powders & Grains 93, Thomton (ed.) © 1993 Balkema. Rotterdam, ISBN 90 541 o 323 X 

Table of contents 

Preface 

Opening address by Professar Sir Sam Edwards FRS 

l Packing geometry 
Discrete-mechanical approach to granular media 
M.Satake 

Geometrica) properties of 2d packings of parti cles 
C.Annic, D.Bideau,J.Lemaftre,J.P.Troadec & A.Gervois 

An experimental study of granular packing structure changes under load 

X.Lee & W.C.Dass 

2 Particle interactions 

Significance of interparticle forces to powder behaviour 
K.Kendall 

Elastic-plastic impact of fine particles with a surface 
ZNing & C.Thornton 

Rotational stiffness of cylindrical particle contacts 
JP.Bardet & Q.Huang 

Mathematical modelling of normal collision of smooth elastic spheres in liquid 

JC.Wells 

Consti tu ti ve mode! for unsaturated granular media 
J.Biarez, J.M.Fleureau & S.Taibi 

Effect of liquid bridge forces on agglomerate collisions 
G.Lian, C.Thornton & M.J.Adams 

Thermal conductivity of granular media 
C.Argento & D.Bouvard 

v 

Xl 

xrn 

3 

11 

17 

25 

33 

39 

45 

51 

59 

65 



3 Quasi-static deformation 

From global to !oca! variables in granular materials 73 
B.Camhou 

Co-operative motion of grains in a discrete mode! 87 
D. Harris & P.Solberg 

Inter-granular friction and the mechanical and acoustical properties of granular media 93 
R.E.Slade & K.Walton 

Entropy methods in the constitutive modeling of granular materia! 99 
C.B.Brown 

Dislocation and plasticity of granular materials with frictional contacts l 05 
C.S.Chang 

Analytical estimates for consti tu ti ve relations of assembli es of particles in elasto-frictional 111 
contact 
M.A. Koenders 

On the definition of stress and strain in granular assemblies through the relation between 117 
micro- and macro-level characteristics 
K.Bagi 

A micromechanics mode! for consolidated granular solids 123 
A.Misra 

Axisymmetric compression of 30 polydisperse systems of spheres 129 
C.Thornton & G.Sun 

Studies of the behavior of granular materia! and its fabric evolution 135 
Y.-C.Chen & G.-C.Hwang 

Three dimensionai analysis for effect of particle arrangement on cyclic deformation of a 141 
granular materia! 
M.Kawamura, H.Hajouta & Y.Ohashi 

Micromechanical response of simulated granular materials under principal stress rotations l 47 
L.Rothenburg, R.JBathurst & A.A.Berlin 

A microscopic study on shear mechanism of granular materials by DEM and experiments 155 
H.Matsuoka & S.Yamamoto 

Micro-fabric and couple stress in shear bands of granular materials 161 
M. Oda 

Distribution of the contact forces inside a granular materia) 167 
M.Gherbi, R.Gourvès & F.Oudjehane 

Evidence of local 'seisms' of microscopic and macroscopic stress fiuctuations during 173 
the deformation of a packing of grains 
WMeftah. P. Evesque, JBiarez, D.Sornette & N.E.Abriak 

Dissipati ve behaviour of granular soils 179 
M.P.Luong 

VI 



4 Powder compacts 

Effect of interparticle potentials on parti cl e packing for ceramic processing 
F.F.Lange 

Effective viscosities and sintering rates of composite random packings of spheres 
A.Jagota 

Interfacial chemistry and pressure filtration of silicon nitride suspensions 
C.-W Hong, M.Kulig & P.Greil 

Mechanical properties of random packings of spheres 
T. Lachhab & C. W e ili 

Variation of superficial energy with pressure 
G.Thomas 

5 Vibrating beds 

New computation methods in granular dynamics 
JJMoreau 

Dynamics and structural relaxation in powders 
A.Mehta, G.C.Barker & R.JNeeds 

Discrete element modeling of vibrating granular beds 
A.D.Rosato & Y.Lan 

Vertical oscillation of a bed of granular materia! 
C.E. Brennen, S.Ghosh & C.Wassgren 

Segregation phenomena in vibrated powders 
G.C. Barker, M.J.Grimson & A.Mehta 

6 Rapid granular jlow 

Steady states in granular dynamics 
L. VWoodcock 

Perturbation amplification in rapid granular shear flows 
T. M. Mello, P.H.Diamond & H. Levine 

Measurements of velocity ftuctuations in a granular ftow 
E.D.Taylor & M.L.Hunt 

Transition from quasi-static to rate dependent shearing of concentrateci suspensions 
H.KKytomaa & D.Prasad 

The transition from fluid-like to solid-like behavior in granular flows 
C.S.Campbell 

Rapid granular shear flows driven by identica!, bumpy, frictionless boundaries 
1T.Jenkins & E.Askari 

VII 

187 

201 

207 

213 

219 

227 

233 

241 

247 

253 

261 

269 

275 

281 

289 

295 



Computer simulation of simple shear tlow of inelastic, frictional spheres 
C.K.K.Lun & A.A.Bent 

New approach to the constitutive rheological relations for rapi d granular ftow 
M.C.Turner & LVWoodcock 

7 Avalanches 

301 

307 

Avalanches in rea! sandpiles: The role of disorder 315 
G.C.Barker & A.Mehta 

Grain shape and size influence on Jow stress behaviour observing discrete avalanches 321 
in a rotating cylinder 
J.Defaeger 

Density is a controlling pararneter of sand pile avalanches 327 
P.Porion & P.Evesque 

Velocity measurements on a bidimensional powder 333 
J.Rajchenbach, E.Clément & J.Duran 

Flow of particles on an inclined piane 337 
F.X.Riguidel, M.Ammi, D.Bideau, A. Hansen, & J.C.Messager 

8 H opperflow 

Using a cellular automaton for the simulation of ftow of granular materia! 
D.Désérable & J.Martinez 

Analysis of the formation of arches plugging the ftow of granular materials 
H.Sakaguchi & E.Ozaki 

Continuous potential mode! of particle flow in hoppers 
P.A.Langston, UTuzun & D.M.Heyes 

B idimensional fio w behaviour of granular materia! 
J.C.Roth & A Khelil 

Experimental investigation of the horizontal pressure distribution in a si lo 
C.Dahmane & Y.Molodtsof 

9 Genera[ fiow problems 

345 

351 

357 

363 

369 

Positron-based studies of powder mixing 377 
TD.Beynon,J.Bridgwater, C.J.Broadbent, P.Fowles, M.R.Hawkesworth, P.A.McNeil 
& D.J. Parker 

Non-invasive measurements of granular ftows by magnetic resonance imaging 383 
M.Nakagawa, S.A.Altobelli, A.Caprihan & E.Fukushima 

Particulate transport in consolidated granular systems 389 
C.Ghidaglia, E.Guazzelli, L.de Arcangelis & L.Oger 

VIli 



The onset of detenninistic chaos in gas-solids fluidization 
J.C.Schouten, MLM.van der Stappen & C.M.van den Bleek 

Computer simulated impact of agglomerates 
K. D. Kafui & C.Thornton 

395 

401 

Development of a two-dimensional transient code for simulating parti cl e behavior in hoppers 407 
and fluidized beds- Models and code verifications 
Y.Yabushita, K.Shibata , K.Saido & Y.Tsuji 

Effìcient computer modelling of the motion of arbitrary grains 413 
C.Hogue & D.E.Newland 

A numerical model for the mechanical behavior of particulate media containing non-circolar 421 
shaped particles 
G.G.W.Mustoe & G.LDePoorter 

Stochastic mode! of transient compression in granular media 429 
P.L.Bourdeau 

10 Miscellaneous (Posters) 

Auid-sediment interactions and dynamk shear stress in fine sediment suspensions 437 
S.Aijaz & S.AJenkins 

Oedometric compaction of a very defonnable binary mixture of expanded graphite and salt 439 
S.Mauran & F L' Haridon 

Shear test and microscopic approach of granular materia] by irnage analysis 441 
F.Ganiou & N.E.Abriak 

Study of the samples made of soldered glass balls by acoustic emission 443 
M.C.Reymond, M.Gomina & C.Gauthier 

Discrete element method (D. E. M.) analysis of the ori gin of processing induced flaws 445 
in advanced ceramics 
G.L.DePoorter, G.G.W.Mustoe & D.R.Greening 

Handling ofbulk products: Application to flow in a hopper 447 
P.Adamiec 

Influence of the nature of walls on the flow of granular materia! 449 
N E.Abriak & R.Gourvès 

Measurement of discharge rates from a hopper through rectangular orifices 451 
L.Benmansour, Y.Molodtsof,N.E.Abriak & FParsy 

A new theoretical analysis of particle flow in a discharge eone 453 
Y.Molodtsof & A.Ould-Dris 

Experimental and theoretical modelisation ofbidimensional flow 455 
NE.Abriak & F.Parsy 

The mechanics of granular mixtures 457 
T.Schanz 

lX 



Fine wet grinding of an alumina hydrate in a tumbling bali m ili 459 
C.Frances & C.Laguerie 

The abrasion resistance of a fluidised bed catalyst support 461 
PJ.Denny & F.King 

Contribution to the rheometry of powders 463 
F.Blaszczyk & D.Sigli 

Study of the dispersi an of alumina by turbidimetry 465 
H.Saint-Raymond, F.Gruy, G.Crawley, M.Cournil, F.Valdivieso & P.Goeuriot 

Fracture mechanics of lactose compacts 467 
O.Saint-Raymond, D.Bortzmeyer, D.Chulia & G.Thomas 

Analytical solutions for the prediction of Ioads in silos during filling and emptying stages 469 
E. Ragneau & J M.Aribert 

Author index 471 

x 


