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Caveats about
Redl
Granular Materials
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—riction, Matters

Schroter, Powders & Grains 2017 (EP] Proceedings 140,01008)



Ordered Particles # Ordered Forces

:
3
R |
5.
%
g,
v
5.

Pressure = 2.7x10E VS. 6.9x10E

Owens & Daniels. Soft Matter (2013)



Are real particles Hertzian, contacts? (1)
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Owens & Daniels, EPL (201 1)



Are real particles Hertzian, contacts? (2)

0.8

0.6 —

F(N)
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0.2

0.1 0.2 0.3 0.4 0.5
o(mm)

FIG. S1: Calibration of the contact force F for a representative disk
pushed against a hard surface by a displacement 8. The experimental
data (squares) are fitted by the power law F = 2.52N (31-4) (dotted)
and by the linear law F = 2.56N (6 — 0.16) (full curve). Here, all
lengths are given in mm. The gray bar indicates the roughness of the
cylinder surface. Photoelastic response 1s reliably detectable to the
right of this bar.

Majmudar, Sperl, Luding, Behringer PRL (2007)



Normgl and Tangential Forces
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Kollmer & Daniels (just a quick sample plot, not published)
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Photoelastic particles are soft

large
<— contact
area

low medium high
force force force

Kollmer & Daniels (in prep)



Roughness # Friction,

SEM images of glass sphere surfaces
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Athermgl, Sensitive to Injtial Congitions

Kollmer & Daniels, Powders & Grains 2017
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Brainstorm with neighbors:

What properties of a packing

are hard/easy (or
known/unknown) for

experiments vs. simulations!
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How Particle

Position, Data is
Collected
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Direct Imgging (2D)

are these 2
particles
in contact!

Daniels, Kollmer, Puckett. Rev. Sci. Inst. (2017)



X-ray Computed Tomgography (CT)

camera

on
turntable

X-ray beam

| Matthias Schroter:
2 https://www.youtube.com/watch?v=76Z1Bhi7CtQ

3

4
xs
6

images

Weis & Schroter. Rev. Sci. Inst. (2017)


https://www.youtube.com/watch?v=76Z1Bbj7CtQ

Performing Tomography

OH1

ID15B

‘ OH2
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\ ID15A




Index-Matched Laser Scanning

camera
(a) scan volume

granular stage
material

s =y
i 1L

ll" N # " 1 i '
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Rl A A L

Dijksman, Rietz, Lorincz, van Hecke, Losert. Rev. Sci. Inst. (2012)
Dijksman, Brodu, Behringer. Rev. Sci. Inst. (2017)



Sub-Pixel Resolution, & Pixel Biasing

x coordinate = 10.234 — remainder = 0.234

‘mfFr r.rn . rrrr. r rr r 7, r  rrnm4 oo 1 |.- ||||||||||||||||||||||| ]
.l I L I
O L - ]
c — .
) . -
> !

(on .
VO = -
1 I -
Y . . 5 . .
| one-pixel resolution |; =f subpixel resolution
remainder remainder

http://www.physics.emory.edu/faculty/weeks/idl/
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Measuring
Interparticle
Forces
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~orces in,3D

X-ray tomography laser sheet illumination
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obtain normal forces from fitting area of deformation at contacts

Saadatfar, Sheppard, Senden, Kabla, J. Mech. Phys. Solids (2012)
Mukhopadhyay & Peixinho. PRE (201 1)
Dijksman, Brodu, Behringer Nature Comm. (2015); Rev. Sci. Inst. (2017)



Force Measurement Via Deformation.

/ T — |oading curve
3.0+ 1 - —— unloading curve
' = -~ Hertz-Mindlin fit

o] b

2.0+

R
1,5
1.0+

0.5 - f 4
- _: ! :I

Force (M)
Force (N)

o L B S R A S
0.0 0,5 1.0 1.5 0.01 ’ 0.1 1

Displacement (mm) 2E Displacement {mm) 2E

2 4G 1/2 £3/2
fmn 3] VR é

Hertzian contact force

Saadatfar, Sheppard, Senden, Kabla, /. Mech. Phys. Solids (2012)



Measuring Interparticle Contact Forces

light
source

birefringent

-
-
-
-
-
-
-
-

left circular
polarizer

( right circular
igital polarizer

camera

Daniels, Kollmer, Puckett. Rev. Sci. Inst. (2017)



Inyersion, (1)

Photoelastic

(®)

Daniels, Kollmer, Puckett. Rev. Sci. Inst. (2017)



Photoelastic \Q\/érsiom(Z)

optimize fringe pattern & force/torque
balance each disk

Daniels, Kollmer, Puckett. Rev. Sci. Inst. (2017)



Quantifying Interparticle Forces

force-moment tensor

Bi, Henkes, Daniels, Chakraborty. 2= Z dmn fmn
Ann. Rev. Cond. Matt. (2015) mon
stress tensor pressure

EZV(AJ =7r>
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Do the forces
mgtter?



S ECT VI

De Motie per Fluida  propagato.
Prop. XLI. Theor. XXXI.

Preffio non propagatur per Fhuidm fecundum lineas reltas, uif:
1bi pwticnle Fluidi in divelhuin jacem.

Si jaccant particule a, bye, d, e inlinea reta, poteft quidem
prefio direCte propagari aba ade; at
particula e urgebit particulas oblique po-
fitas f & g oblique, & particulzillz f& g
non {uftinebunt preflionem illatam,niti ful-
ciantur a particulis ulterioribus b & £
quatenus autem tulciancur, premunt par-
uctlas fulcientes ; & ha non fuftincbunt preffionem nifi fulcian-

ur




2D emulsion

Generality of Force Chaing?

Desmond & Weeks. Soft M. | 3?_in Bie

L5

rbaum, Schall, Sethna,
5 REERTE T Ll

il 0.015

Cohen (2016)
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e L T ol L'-‘:._‘ Il1____.:' ._."-‘1-"_‘._
l‘l- %‘ - :‘ ; HI‘ . .‘ I.‘ " . ~. JI‘ & .'" ] II ll" u u '
- e, i — ‘ 0.005
(o} T . W 0.005
: T Lo ! am
W '] %
K E, # 5y ' L0015
' & . L) - # |l _c.w
0028

Fluorescence image
Contact forces

Grain surface

Setup a

Uniaxial

3D gel beads

Image data s

-

e SN Brodu, Dijksman, Behringer.
Brujic et al. Physica A (2003) Nat Comm. (2015)



Amplitude (normalized)

Seeing ang Hearing

1 . . .

photoelastic

0 5 10 15 20
time (ms)
e photoelastic particles: measure amplitude (hundreds)

e piezo particle: measure temporal dynamics for each (~10)

* show same features, and are on average proportional



SENsor

voltage
L

1 2 3 4 5 6 7 8§ 9
time {ms)

Blue: Original Force Chains




high speed
movies

measure maximum
sound amplitude

correct for
exponential decay

Owens & Daniels, EPL (201 1)

"“ Local force (on average) sets amplitude

10° 10'

P (kPa)
high resolution images
locate all particles, calculate pressure
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Owens & Daniels, EPL (201 1)
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O DEM Simulations

Somfai et al PRE (2005)



History Matters

compression shear

Majmudar & Behringer Nature (2005)






Nonlocal Rheology

— Kamrin, Koval, Hennan

.. Y T - - Bouzid, Claudin
granular fluidity g= — u=-1
sl o EIIJOW 2d/s
field H P . G 0.2dls
£2v2g = (9 — Gioc) v 6, 002d5s
03, * 9y 0-002d/s ,,;f’
H— s - § brign 29/ ~
Qoo P) = Hu—p )5 e 5 e o
H - 02 e
3 ¢ e i .
£— A 14+ H(ps — H)d B [T
o 017 . ’
|IJI_/"L~5| _ T
0 | L I -
10°® 10 107
inertial number | .
outer inner
edge edge

*length scale ¢ diverges at (s
*fit parameters: 4, b, lis should be a property of the particles

only (not geometry or driving)

Kamrin & Koval (PRL 2012)
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Growing cooperative length &
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Where do | find
data to test my
model?
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http://bitly/2ue RC4

AP |5t SPECIAL TOPIC:

Instruments  Focus on Imaging Methods in Granular Physics

About the Focus on Imaging Methods in Granular Physics Special Topic

“This Focus Issue reviews methods for acquiring microscopic particle properties and for connecting them to the macroscopic physics of granular media. A
variety of methods are presented, utilizing eleciromagnetic waves ranging from x-rays to radio waves. These methods provide information in the form of
images, scattering, tomographic reconstruction, and the tracking of phase shifts. Each approach and probe has specific demands on sample material,
instrumental investments, and computational efforts and offers different sensitivities and spatiotemporal resolutions. [The] introductory article aims to
assist the reader in selecting the most appropriate techniques for their particular research.” (Read More)

Review of Scientific Instruments has been in circulation since 1930, providing foundational papers, progressions of development, as well as newly emerging
papers covering experimental methods, techniques, and instrumentation.

Preface

L —
O‘ I - » ' Preface: Focus on imaging methods in granular physics

| Axelle Amon, Philip Born, Karen E. Daniels, Joshua A. Dijksman, et al.

- LI.—M Read More
M 12 Eliﬁ

10 articles from a 2016 Spring School (Erlangen)


http://bit.ly/2uejRC4

DataDryad.com,

Neudecker, Ulrich, Herminghaus, Schroter. PRL (2013)

paper DOI: 10.1103/PhysRevLett.111.028001
data DOI: 10.506 1 /dryad.qv331.

DRYAD

About ~  Forresearchers ~ For organizations ~ Contactus Login Sign up

DataDryad.org is a curated general-purpose repository . Submit data now
that makes the data underlying scientific publications
discoverable, freely reusable, and citable. Dryad has

integrated data submission for a growing list of journals; Search for data

submission of data from other publications is also

welcome. | o
o000 ‘ Advanced search ‘

Browse for data Latest from @datadryad

Recently published

‘ Tweets vy @datadryad o ‘




What's the Mongday Workshop about?

 https://www.nature.com/
news/inequality-quantif
ied-mind-the-gender-gap
-1.12550

 https://www.aps.org/pro
grams/women/workshops/s
kills/seminars.cfm

* “Women Don’t Ask”
(Babcock and Laschever)

60
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https://www.nature.com/news/inequality-quantified-mind-the-gender-gap-1.12550
https://www.nature.com/news/inequality-quantified-mind-the-gender-gap-1.12550
https://www.nature.com/news/inequality-quantified-mind-the-gender-gap-1.12550
https://www.nature.com/news/inequality-quantified-mind-the-gender-gap-1.12550
https://www.aps.org/programs/women/workshops/skills/seminars.cfm
https://www.aps.org/programs/women/workshops/skills/seminars.cfm
https://www.aps.org/programs/women/workshops/skills/seminars.cfm

—rustrated and Disordered Homewlork

* check out volleyball from Buckingham front desk

e go to sand court near Smith Hal

e perform a granular experiment/demo that
illustrates a phenomenon talked about this week

e send me photo/movie

tweet it to me: T
/ @karenedaniels ck)g emT' a fink. 4
£ #frustdistHW aniel@ncsu.edu

* play volleyball




