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Discussion

 Spherical shock wave 

surface expression 

should present radial 

cracking and circular 

uplift

 Post-test observations 

indicate a NE-SW 

component to these 

patterns 

 This suggests 

tensile cracking 

caused by mass 

movement to the 

southeast 

direction 

consistent with 

tangential 

slippage indicated 

by active velocity 

records

 Horizontal offsets 

measured for SPE-6 

indicate this same 

direction of movement
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Source Physics Experiment (SPE) Near Field

 Six chemical explosive tests of varying yield-scaled depth-of-burial (SDOB).

1) Produced shock should have insignificant non-radial component.

Dense array of triaxial accelerometers at varying yield-scaled range (SR) provides

the following observations:

1) Large tangential motion at small to moderate SDOB and SR.

2) Tangential response is delayed until after radial peak.

3) Delayed response has a consistent southeast bias.

4) This response is not evident at larger SDOB and/or SR.

Finite Element Model Study: Explicitly Joint Models               

Conceptual Response

 Finite element calculations Including explicit representation of joint sets

1) Confirm that a sticking friction model can achieve delayed, amplified tangential

response (horizontal symmetry plane causes rapid return to zero)

2) We relate this to sudden release of stored shear strain energy
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Schematic of SPE Testbed

Typical records at Small to 
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Photogrammetry with Horizontal and Vertical Offsets

 Tangential response at Rpeak ( )  No significant tangential Response

 Spherical shock should have insignificant non-radial component.

We observe significant post-arrival tangential motions on most triaxial

measurement sets

 This deviation from theoretical consistently occurs near the peak loading.

 Tangential response is delayed until after radial peak.

 Shock-induced load must be of magnitude to generate sufficient shear energy

to overcome in situ loads.

 This phenomenon acts on existing fractures within a radius defined by

combined range-to-effect and scaled depth-of-burial, possibly creating a

“virtual source” containing significant shear content

 The motions are biased by site conditions which may be confirmed by other

measurement techniques (e.g., photogrammetry).

CP = 5185 m/s

CL = 4148 m/s
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e.g., SPE-1 Arrivals

CS = 3400 m/s

 T-motion consistently follows Rpeak

 Too slow to be a shear wave from the

source

 Not an arrival but a new source at eac

pre-existing fracture

Arrival Times
 Continuum simulation from source to 

ground surface includes topography.

 Provides reasonable match to 

photogrammetry vertical offset data.

Surface Displacement
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