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Granularmaterialsaremarginalsolids

WiththesupportbytheNationalNaturalScienceFoundationofChina,theresearchgroupledbyProf．
Wang YuJie (王 宇 杰 ),ShanghaiJiao Tong University (SJTU),hassignificantly advancedthe
understandingabouttherelaxationdynamicsofgranularmaterialsontheleveloftheparticles．Thiswork,

obtainedincollaborationwithProf．ZhangJie(张洁)fromSJTU,DongHaiPeng(董海鹏)from Ruijin
Hospital,SJTUSchoolofMedicineandProf．WalterKobfromtheUniversityofMontpellier,France,

waspublishedinNature(２０１７,５５１:３６０—３６３)．
Granularmaterials(sand,powders,etc．,)behavequitedifferentlyfromtraditionalcontinuousmedia

suchaselasticsolidsandsimpleliquids,becausegranularmaterialsarebynatureoutofequilibrium
systemsowingtotheinelasticcollisionsandnonlinearfrictionbetweenparticles．Despitethegreatneedto
haveanaccuratetheoreticaldescriptionofgranularmaterialsforengineeringandgeotechnicalapplications,

thereexistsofaronlyempiricalmacroscopicdescriptionsofthesematerials．Thereforeitisoffundamental
importancetodevelopatheoryforgranularmaterialsstartingfromitsmicroscopicdynamics．

ToprobethemicroscopicdynamicsofgranularmaterialstheirgroupusedtheXＧraycomputational
tomography(CT)techniquetoprobethepositionsofalltheparticlesinacellthatwassheared．They
foundthatthedistributionofthedisplacementsoftheellipsoidsiswelldescribedbyasoＧcalled“Gumbel
law”(whichissimilartoaGaussiandistributionforsmalldisplacementsbuthasaheaviertailforlarger
displacements),withashapeparameterthatisindependentoftheamplitudeoftheshearstrainandofthe
time．Despitethisuniversality,themeansquareddisplacementofanindividualellipsoiddoesnotexhibit
thecageeffect—themechanismthatslowsthedynamicsinglassＧformingsystems,wherebyparticlesare
temporarilytrappedbytheirnearestneighbors．Instead,thismeansquareddisplacementfollowsapower
lawasafunctionoftime,withanexponentthatdoesdependonthestrainamplitudeandtime．Theyargue
thattheseresultsarerelatedtothepresenceoftworelaxationmechanismsondifferentlengthscales—the
lengthscaleofparticle􀆳ssurfaceroughnessandofdiameter．

Figure　 (a)Snapshotofthe３Dellipsoidsystem．:(b)time
dependenceofthetranslationalmeansquareddisplacementfor
differentstrainamplitudesγ．

Theirexperiments demonstratethatthe
relaxation dynamics of such “frictional”

systemsisqualitativelydifferentfromthatof
“thermal” systems and that granular
materialsare“marginalsolids”,i．e．stableif
unperturbed butfluid underthe slightest
externalperturbation．The mechanismthat
leadstothisbehaviorisverygeneralwhich
indicates that these frictional outＧofＧ
equilibrium systems obey a new class of
microscopicdynamics．

Thesefindingswillhelpthedevelopment
ofa new continuum theory for granular
materialsbasedonthemicroscopicmotionoftheparticlesandhenceallowto makeprogressin many
researchfieldssuchasgeoscience(e．g．earthquakes,landslide,anddebrisflow)．


