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I Outline

= Background
= Defining Work Areas and Purpose

= Window Breakage Testing for Hazard Characterization
= Shock Tube Testing & Apparatus
= Shard Size Distribution
= Shard Velocity Distribution

= Testing Human Vulnerability from Shard Impacts

= General Findings and Project Status

ARCTOS % s



400 f=-- w3, B Rl 4 BB BRI B B A A S A A R B B W ale e s

Caustic Layer
S (Focusing Layer)

I Ba C kg ro u n d i I RAY PATHS -- INVERSION/CAUSTIC

Distant Focusing Overpressure (DFO) is a phenomena that
can occur in which air blast waves generated from a large
explosion can return to the ground and focus at large
distances
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Near-pad failures of large vehicles can cause DFO, break
windows and hazard building occupants o
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Focusing depends on the atmospheric conditions

(pressure, wind, temperature, dew point) as a function of ~ -imited empirical data exist to validate low--
altitude pressure window breakage, shard size/velocity

and human vulnerability models

Gradient (no DFO), Inversion, Caustic, Complex
Therefore, a test program was funded to

Launch safety personnel input weather data prior to acquire low pressure window breakage (FAA)
launch and run the BlastDFO application to determine if and human vulnerability data (SLD45)

the DFO risk is acceptable
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Goal: Acquire empirical data to validate the GWIN models
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Phase 1 Testing
Window Breakage
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Phase 1 Shock Tube Testing

= The previous shock tube configuration needed .
significant modification to generate lower peak
overpressures and the longer durations associated
with DFO

= Driver controls the volume of pressurized air

Baffles used to further restrict and delay flow

= RWE (Rarefaction Wave Eliminator) used to reduce baffle
reflections/rarefactions

= Canopy used to consolidate blast wave

= Vents in walls allow control of pressure reaching canopy

= Qrifice plates (various diameter holes) used to restrict flow . Eigh—speeld video calmeras, pr_essu:le éransducers and a
and increase duration with baffles used to further restrict uman gelatin simufant were installe
and delay flow
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Shock Tube Apparatus
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Receptor Room Shock Tube Control Room
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Front

Test 3 / 8/15/2023 5:02:38.785 PM
500 fps / Frame Number -50

I Sample Test Videos

Test 3 Side / 8/15/2023 5:02:38.767 PM
500 fps / Frame Number -50
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Shard Size Distribution

Image Processing Techniques Correcting Shard Size
Used to determine shard sizes Distributions s-Small Window

M-Medium Window

Comparisons of GWIN size vs. o oree Window
-Single Pane

empirical used to update model| | P-bualPane
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MATLAB toolboxes were used to apply masks and
morphology with some manual crack line enhancement
to define segments for the region analyzer
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I Shard Velocity Distribution

Image Processing Techniques
Manual and Automated Methods used to
determine shard velocities

Shard Velocity Distribution

Developed
Statistical distributions were developed
based on the empirical results
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Methods include, optical tracking, color filtering,
morphological transformations. Optical tracking used an
optical flow algorithm based on the Farnerback method.

—— Log Normal PDF
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Phase 2 Testing
Human Vulnerability
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Shard Drop Tests
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I Human Gelatin and Skin Simulants

SAMPLE 1 SAMPLE 2 SAMPLE 3
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Shard Drop Tests

Controlled Side View Front View
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I Human Vulnerability Background
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Human Vulnerability Modeling
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= Controlled orientation tests
aligned well with Fletcher
tests

= Demonstrated validation of
drop tests

* Focus was then moved to
tumbling tests

= Tumbling tests showed that
50% penetration had
reasonable agreement with
90 deg Fletcher data



I General Findings and Status

Low Pressure Window Breakage Tests (Shard Characterization)

Shard sizes in were being misrepresented in legacy GWIN by overpredicting the
number of small shards and underpredicting large shards

Original GWIN was over-predicting shard velocities
Shard Drop Tests (Human Vulnerability)

Results showed strong agreement with existing Fletcher model for oriented shards (45
deg, 90 deg)

Initial findings indicate that GWIN shard human vulnerability models are somewhat
under-conservative above 20 g;

Status: Finalizing human vulnerability model and code implementation
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