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Explosively-driven fracture is a complex process involving

varied physical processes and multiple timescales

* Characterizing explosively-driven fracture
propagation requires understanding shock
response, gas production, and material
state

« Many applications for explosively-driven
fracture are for geologic applications
iIncluding oil/gas extraction and geothermal
well formation

* |n optically transparent materials shock
propagation can be measured using high-
speed imaging

— PMMA is a good substitute for geologic
materials
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PMMA is a well characterized material for experimental impact

studies

* Interferometry methods such as Velocity Interferometer System for Any Reflector (VISAR)
[1] and Photon Doppler Velocimetry (PDV) [1,2] are widely used for impact studies

« Schlieren and shadowgraphy have been implemented to study shock Hugoniots in
transparent materials [5]

« Impact experiments impart a square pulse whereas an explosive source will decay
— Spherical elastic waves decay with a r~1 behavior [4]

« Murphy et. al explored the pressure decay of PMMA under explosive loading [3]
— PMMA explosively driven shock-attenuation exhibits a complex-decay trend

« PMMA can be used as a surrogate material for understanding the fracture process of rock
allowing for optical techniques to for studying dynamic fracture growth [6]
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Schlieren imaging is a technique allowing for the visualization

of the density gradient field in transparent material

« Light from a point source is collimated, and refocused down to a point

« Knife edge is placed at the focal point visualizing the first derivative of the

refractive index
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Small scale and large scale explosive testing have been preformed
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PDV is an interferometry technique used for measuring

surface movement

* Experimentally determine

particle velocity at a free -;, > RP-80 EBW
surface or an interface | PDV Probe | Detonator
» Surface movement Doppler - I "*

shifts light

* Doppler shifted light is
combined with the reference
laser light producing an
interference pattern

* The interference pattern is
2 —
represented a.S a.beat Laser :(\31 Detector —| Oscilloscope
frequency which is converted
to particle velocity

Circulator
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Shock wave propagation is characterized from the high-speed
images through digital streak images

Distance

* Shock boundary is extracted using MATLAB
« The inverse of the slope is the shock velocity
E
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PDV signals were processes using SIRHEN (Sandia InfraRed HEtrodysne

aNalysis) a data reduction software developed by Sandia National Labs [0]
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Explosively driven shock attenuation behavior of PMMA was

experimentally determined

 Both near and far field data was
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PDV data compared to the high speed schlieren images
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Large scale tests allow for understanding how confined

explosive gases drive fracture growth

* Small scale test define the stress state imparted by the explosively driven shock
wave

* High speed schlieren and shadowgraph were implemented in the large scale testing

:/_K
Ir--.ll/" r .188+.010

4500£.010 | |
6.500+.010 =

@.315+.010

11



NEW MEXICO TECH

The fracture growth behavior indicates there is more than one

mechanism driving fracture growth

* Shock wave velocity: 2.8 km/s
* Initial fracture growth

— Hard to quantify due to shock wave
Early time fracture growth

— Time duration: 30.4 ys — 59.4pus

— Velocity: 510 m/s

Later time fracture growth

— Time duration: 60.4us — 90.4us

— Velocity: 250 m/s
Velocity after reflected shock wave

— Hard to quantify due to PMMA distortion
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Simulations show that an RP-80 has a damage radius of about
80 mm

50.8 mm
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Future work

Reduce the propagation distance to collect
attenuation behavior closer to the explosive
source

— Attenuation behavior prior to elastic wave
decay

— 10mm, Smm, 2mm gap

 Define the attenuation behavior with
iIncreased explosive weight

* Repeat the tests

» Explore fracture growth in disk-shaped PMMA
samples
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Questions?

Funding for this work at New Mexico Institute of Mining and Technology (New Mexico Tech) is provided by Sandia
National Laboratories. Sandia National Laboratories is a multimission laboratory managed and operated by National
Technology and Engineering Solutions of Sandia, LLC., a wholly owned subsidiary of Honeywell International, Inc., for the
U.S. Department of Energy’s National Nuclear Security Administration under contract DE-NA-0003525.

« Shock and Gas Dynamics Lab: www.nmt.edu/mjh/
« Sivana Torres: sivana.torres@student.nmt.edu

» Michael Hargather: michael.hargather@nmt.edu

« Sandia project manager: Richard E. Robey
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