Avalanche phenomena in a sheared granular layer
coupled to soft elastic plates

R. Ecke, D. Geller, and S. Backhaus
Los Alamos National Laboratory




Earthquakes are complex and impactful -
What are their essential ingredients?




Fault zones contain gouge, a granular material

Internal Structure of Principal Faults of the
North Branch San Gabriel Fault

Chester et al., J. Geophys.
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Approaches to modeling and
understanding earthquake
phenomena using simulations and
analog experiments
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Some
characteristics of
models,
measurements,
and earthquakes
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Mean-Field Models of Avalanches
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Sheared soft granular layers
Ep > Eg U ~ 0.7 large

* Forces transmitted by
heterogenous stress chain
network

* Shear jamming

* Stick-slip behavior
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Hard granular particles with soft boundaries

E. > Ep Mg~ 0.2 small

Hard particles and soft boundaries
self tune to jamming: ¢ = ¢, = 0.7



Apparatus: Soft spring drive, strain measurement
Vv
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Detailed Interfacial Displacements
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Spatial and Temporal
Structure

System spanning events and
mean recurrence

Compact & local events
contrasted with delocalized
events



Probability Distribution: Universal
Feature?
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Large and Random Event Distributions
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Recurrence Time Statistics
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VVhat is happening in
the granular material?
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Granular Displacement Field

1.0
L \,vv>{//,(/////Il//4/4,47»7;\:>s..~ryvff(rrr,“\\ \\\\\\ OV kL\\\\\\\(\\\\\(\\\AAA\\&\A\>ALVVVV\VVV(7(77774 i
e TR Tt Y A N Ry
08 1N W £ //’:«7”"\”\:’ /"' WARGR 4\'\\\\ WEORTER \":““ A \"’«««» A
: V«,/w, B AL T R TN \ A N ™ «*v« "
fk PR \\J N~ T /4 X«x\\\ L J\ N \\,‘ -‘\\\ N N G P TN
f‘ | /M"f" '/4\\ *V'f’// «4 _,\///(» TZN AR « AN SO AN ,\/'»A»
06 4 ‘H ATAR “ ‘»/ - B \ WA ‘“ R EET 4‘\\‘*« NEPRR ol
¥ x J‘J‘l &-4"4\;\/ \, v//\ll / f 4 “V A»-‘V" r, V‘ \ 4,7 \] NAR
At gt et W/’\« ‘*f - “ YA N YARY V1 g \
4 4 f N My * Ty i SRR
0.47““ ,&HV © \ T A /A » mh/,' ‘f« »"4}' ‘\n . s i \‘~ ‘,, N v,
[ \,<~V~ TJ TERN k fv’ =y ]
; LS ) \! ) ;), 4‘ ‘ “ d’ ‘# / \A‘x \ /)\\1}; \v)\ “‘ i) l \l“ ’j( Y ‘*‘&\J\‘ o 7"")""‘“47‘4"\
02 »w;‘i’ srr r2< *‘P PRSAY ﬁ\‘.‘ N fw,\- ¥ YA LA N> VS Y a
NS N2 T e \ QSR L QO “ 4 *v £ vy *r'~;»‘7"‘:¢\\ Y UG SVISA P
0.0 “‘ yASa~a ”""““““‘\“ b ““7‘44<7<"‘\\\\\\\Y"“‘f“"f“<<~‘v‘*‘f"’)7"“"~Vw~\ ‘\\“f<"»»f"“¢)tA4<\

00 0.2 0.4 X/L 0.6 0.8

1.0

40F

Vertical Avérage Meén-'Squar'e Disi:la'cemehts'

Total ~V~

! Non- affne

00 02




Where ever you look - it’s the same
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Apparatus: Stiffer spring drive, force measurement
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Summary

® Spatially determined moment P(M) as in an
earthquake.

® Decompose into brittle and non-brittle events.
Non-brittle P(M) ~ M® 1.2 <B < 1.6. Brittle -
Log-Normal

® Poisson recurrence statistics for small events;
large events have characteristic time.

® Large events - Finite size, stored elastic energy
with granular “fracture”



