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ABSTRACT: We reportexperimentalresultsfor stripe patternsappearingon the surfaceof granularmatters
undergravity. They areinducedby slow deformationof a container As the averagesizeof granularparticlesis
larger, stripesbecomemoreobscurewith keepingroughlythe spacesWe foundthatunderthesestripes,some

faultsappeaiin parallelto oneanother

1 INTRODUCTION

Dry granularmatters,suchassand,displayvery dif-
ferent behaiors from mary particle systemswhich
canbe understoody usingstatisticalphysics(Jager
etal. 1996).They arecausedrom the propertieghat
thermodynamidluctuationsare negligible for parti-
cleswith largemassthatdry granuleshave no attrac-
tive interaction,andthat fictions betweencontacting
particlesdissipateenegy. In particular static states
undergravity makea solid phasepeculiarto granular
matters.

Differencesbetweensolid statesof granulesand
elasticmaterialsareobseneddistinctly on stresdis-
tributions. All particlesin a sampleare stationary
dueto staticfrictions andparticleson which stronger
forcesconcentrat¢hanonthesurroundingpnesforms
a networkwhich is calleda stresschain.In a macro-
scopicviewpoint, dry granularmediain a staticstate
experiencescompressie stressesarnywhere because
nocohesve interactionactsamongparticleslt is well
known from experimentsof sandpileghatthe spatial
distributions of stresseslependstrongly on the his-
tory of the formationof a sample(Muethetal. 1998;
deGennesl998;Vaneletal. 1999).

Granulesn asoldstatestartto move typically with
arisingeithera fractureor a surfaceflow. As stresses
increaseslowly, a granularmediacracksto form a
slip plane.lt is called a shearband, which hasthe
thicknesof theorderof 5-10graindiametersAn em-
pirical law for crackingof granularmattersis known
asthe Mohr-Coulombcriterion (Astrom et al. 2000).
In the casethat a containeris inclined, for example,
granuledlow onthesurfaceThegranulesn thecon-
taineraredividedinto afluid phaseandasolid phase.
In mixturesof somekinds of granulesstripesarein-
ducedby sgyregationin surfaceflows (Makseet al.

1998).

In this paper we reportexperimentsfor stripe pat-
ternsof one kind of granules,which are causedby
some fracturesthan by surfaceflows. The experi-
mentsstartedfrom the accidentalfinding by Kuru-
matani,one of authors,that stripe patternsappeared
onthesurfaceof sandsvhensheputabagcontaining
fine sandsdown on atable.Althoughthe phenomena
canbereproducectasilybothin mary kindsof sands
andin glassbeadswe couldnt find a reportrelated
toit in the pastliteratures.The stripepatternsareob-
senedonly whenwe deforma containerof granules
slowly, andit seemghatno sandflows on the stripes.
We presentherethe resultsof well-controlledexperi-
mentsanddiscussaboutstresdistributionsformedin
thegranulamedia.

2 EXPERIMENTAL SETUP

We usedsphericablassbeadsn mostof all theexper
imentsdescribedelov. They aremadeof soda-lime
silicaed glassof which densityis 2.5 + 0.1g/cm?.
We preparedthree kinds of glassbeadswith aver
agediameterR = 40,100 and200um, which we re-
fer GB40,GB100andGB200,respectrely. They are
nearly mono-disperse§0 — 90% particlesof which
havediametergrom 0.9 to 1.1 R. (They werebought
from the associatiorof powder processndustryand
engineerindAPPIE)andUnion Inc. in Japan.)

Only in the experimentswherewe madecolored
layers,we employedless uniform glassbeadswith
about0.1mm diameter which are sold for usingin
crushersWe stainedthemwith a watersolubleink.
We confirmedthat stripe patternscan be alsorepro-
ducedsimilarly in theseglassbeadswhetherthey are
stainedor not. We referthemasGB-01.

We shaw the experimentalsetupschematicallyin
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Figurel: The experimentaketup

Figurel. A containerof glassbeadsis composedf
two rectangulaacrylicplateswhichjoin in aV-shape.
Theslopesof eachplatearevariable.We coveredthe
surfaceof the two plateswith thin rubbersheetde-
causeit is easyfor acrylic to be scratchedOn their
lateralsideswe stickedpiecef felt in orderto move
smoothlywith keepinggrainsin the container Then
theV-shapedlatesvereheldbetweerparallelacrylic
plates.Theformationof stripepatternss not consid-
eredto dependstronglyon boundaryconditionsof the
bottomsbecaus¢hepatterndave little changedvhen
we usedplasticsheetsn the placeof therubberones.

At the beginning of experimentswe fixed one of
the V-shapedplatesat an angleof inclination = 6,
and the other at 64,,. We pouredglassbeadswith
weight Mg into the containerand tappedit a few
timesto level the surfacehorizontally The densityof
grains,ncludingairs,is 1.5+ 0.1g/cm?. Thenwede-
creasedhe slopeof theoneplated very slowly while
theotherwasfixedat{;,. We usedamotorconnected
to a power supplywith a constantvoltageto pull the
plate at a line. The angularvelocity 6 keepsalmost
constantluringanexperimentandd = 0.60 +0.05°/s
in the following experiments.The way of pouring
grainsat the beginning doesnt seemto affect stripe
patternsalthoughit isn’t the sameexactly in eachex-
periment.

We put the abore experimentalsetupin anairtight
containemwith desiccanti whichtherelative humid-
ity of theair wasb — 15%. Beforewe usedglassbeads
in experiments,we had dried out them in the con-
tainersomedaysuntil the weighthadfinishedto de-
creasewith desiccation Although we employedthis
procedureo keepgranulesdried, we confirmedthat
the phenomenaeproducebothin the air with higher
humidity of a room andin a nitrogengaswith little
humidity.

We photographedhe top views of granulesby us-
ing a digital videorecorderwherewe lighted up the
surfaceobliquely Figure2 is a photograplof a typi-
cal stripepattern.Thewidth of theimagecorresponds
to length11.1cm on the surface.The vertical axisis
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Figure2: A snapshobf a stripepattern
GB100,0¢;, = 50°, 0y = 60°, 0 = 30°, M = 400g.
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Figure3: A procesof theformationof stripes
GB100,0¢;, = 50°, 0y = 60°, M = 400g.

pararellto therotationaxis of the plate,andthe fixed

plateis placedin the left side. The grey scalerep-

resentshe shapeof the surfacebecauseylassbeads
composeaf smallgrainsareparacticallyopaqueWe

took statisticaldatafrom 5 experimentdor eachcon-

dition to investigatethe space®f stripes.

3 RESULTS

In Figure3, we cutoutthehorizontalzonesn thecen-
ter of snapshot$rom 6 = 6, = 60° to 6 = 30° every
5° in an experimentand arrangedhemfrom the top
to thebottom.Stripesareformedearlyatd = 0 ~ 10°
andthey makeclearswith thegrowth of theamplitude
duringthefollowing rotaion.

The surface near the moving boundaryinclines
nearly at the reposeangle ¢. becausegranulesflow
here.Thisregionis showvn in therightestlight partof
the images.In contrast,no patternappearsearthe
fixed platein the caseof 6;;,<50° andthe surfacein
the arearemainshorizontally The stripe patternsap-
pearson the surfacebetweerthesetwo regionsat the
angleof slope0 ~ ¢..

Thespace®f stripesis typically 3 ~ 10mm, which
tendto becomdarge away from the horizontalcenter
Thespacesreindependenbntheweightof granules
in the container Although we comparedthe results
of GB40,GB100andGB200,the spacegioesnt de-
penddistinctively on the sizeof grains,while stripes
becomamoreobscureasthesizeis larger

We canobsene displacementsf grainson the lat-
eral boundarythroughthe acryle wall. Although the
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Figure4: A lateralview of theexperimentwherehor-
izontal coloredlayersare prepearednitially. GB-01,
O i = 50°, 0y = 60°, 0 = 30°, M = 400g.

stripe patternsaredisturbedby the boundarywe can
guesanovementsof granulesnsidea sample Figure
4 shavs a snapshobf the experimentwherehorizon-
tal layersof stainedglassbeadswereformed before
therotaionof the plate.We know thatsomefaultsde-
velopein pararelloneanotherandappearon the sur
faceasstripe patternslt seemghattherearealsoa
few faults nearlypararellto the moving plate.Some
clear faults nearthe fixed plate incline at 61 + 2°
againsthehorizontalplanein the caseof glassbeads
GB-01.

4 CONCLUSIONSAND DISCUSSIONS

We investigatedthe charactersand the causeof the
stripepatternanducedby slow deformationof acon-
tainer Thepatternsappeaonthe surfaceof dry gran-
ular matters,suchas sandsor glassbeads.Fromthe
obsenaionsof coloredlayerspreparedin granules,
we found that someslip planesdevelopein parallel
underthesurface.

We useda V-shapedcontainerin the experiments,
wherestripesarisein pararellto the rotationaxis of
thebondary Thespace®f the stripestendto become
smallnearthe centerof the surfaceandthey areinde-
pendenton the total amountof granules As the size
of grainsis larger, stripesmakeunclearwith keeping
roughlythe spaces.

What a stressdistribution is formedin the gran-
ules?If we assumehe critial stressconditionwhere
the Mohr-Coulombcriterionis satisfiedanywherein
the region containingthe slip planes,we can calcu-
late that the incline of the slip planesis 45° + ¢, /2
againstthe horizontalplane.Becauseéhe glassbeads
GB-01 usedin the experimentshave a reposeangle
de. = 29.5+0.7°, theangled5® + ¢./2 = 60.1 & 0.4°
agreesvell with the measuredlata.lt representshat
the stresdistribution on theseslip planess nearlyat
thecritical stressstates.

The mechanisnof the formationof the slip planes
is a future problem,althoughwe are studyingit with
atheoreticalmodel. The detailsof experimentaldata

ana the theoreticalinvestigationswill be reported
elsavhere.
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