Multiscale characterization &
modeling of geomaterials

Jose E.Andrade, Carlos F. Avila,WaiChing Sun
Engineering & Applied Science, Caltech




Today’s Menu

Multiscale concept in porous rocks
Multiscale flow in porous materials
Multiscale deformation in porous materials

Conclusion



LOOSE
PACKING

COMPACTION
BAND /
Th el DENSE
N PACKING
~ Y ~ Y Y
FIELD SCALE SPECIMEN SCALE MESO SCALE GRAIN SCALE
< |
LOG (m) >1 0 -1 2 -3

Multiple scales in sandstones: CO2 repositories



Flow: from Boltzmann to
Darcy

Based on synchrotron data from Argonne
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tools: X-R CT,
level sets,

graph theory
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Cumulative Probability
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in-situ permeability calculations with LB (m”2)
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Homogenization using finite elements: specimen scale



Strength: from Newton
to Cauchy

based on data from ESRF, Grenoble France
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experiments calculations

extract strains==> extract strains==>
dilatancy dilatancy
AND
extract stress=>

experiments

, friction
Vs. calculations
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In-situ X-ray CT data from Grenoble
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Conclusions

® New X-ray characterization can show
microstructure & grain kinematics

® New models needed to harness powerful
data for better prediction

® Modeling+characterization=prediction
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[1] Tomographic images taken inside and outside a com- tions, they inferred that this band accommodated about
paction band in a field specimen of Aztec sandstone are ana-  equal amounts of shear displacement and band-perpendicular




