Name:  ________________________________________________

When demolitions experts dropped the damaged section of the Hoan Bridge onto the ground, seismic waves were generated that traveled 6 km near the ground surface to the seismograph at the University of Wisconsin-Milwaukee. The wave velocity near the ground surface in this area is estimated to be ~5 km/sec.
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[1] Given distance and velocity, about how long did it take the direct wave to move from the impact site to the seismograph?  

_______ seconds

 [2] The charges on the bridge were detonated just after 1 PM local (Central Standard) time, or 7 PM (1900 hours) universal coordinated time (UTC).  The many small explosions that isolated the damaged section from the rest of the bridge all took place within a time span of ~0.005 second.  Some energy from the explosions propagated down the bridge’s massive concrete piers to the ground, generating the first seismic waves from this event.  Based on your interpretation of the seismograms, at what time did the first signal from the explosion (the direct wave) reach the seismograph?  Informally estimate how uncertain your answer is (e.g., ± 0.1 sec or ± 2.0 secs or...).

UTC 19:01:__ __.__ ± __.__ seconds

 [3] Videos of the demolition show that the damaged section impacted the ground ~2.2 ± 0.1 seconds after the explosions.  (Go ahead -- check this estimate.)  What time was the impact recorded at the UWM seismograph?  Add ~2.2 ± 0.1 seconds to the answer for [2].

impact recorded @ UWM = UTC 19:01:__ __.__ ± __.__ seconds

 [4] We can infer the origin time (the exact time the bridge section hit the ground) by subtracting result [1] from result [3] and keeping the uncertainty from result [3]:

impact origin time = UTC 19:01:__ __.__ ± __.__ seconds

 [5] From your interpretation of the seismograms, when did the reflected wave of the impact (the second big wave) reach the seismograph?  Remember that the impact occurred shortly after the explosion.

UTC 19:01:__ __.__ ± __.__ seconds

[6] The total time it took the seismic wave to propagate from the impact site (point A) down to the Moho (point B) and back up to the seismograph (point C) is the difference between answers [5] and [4] above, or


__ __.__ ± __.__ seconds

[7] The average p-wave velocity through the crust near Milwaukee is ~6.42 ± 0.2 km/second (e.g., Braile, 1989, GSA Memoir 172, p. 285-315; Christensen and Moody, 1995, J. Geophys. Res., v. 100, 9761-9788).  Given your answer for [6], approximately how far did the seismic wave travel from A to B to C?

_______ ± ___ km

 [8] The distance from A to B is half the answer to [7].  The distance from A to D is half of 6 km.  Triangle A-B-D is a right triangle, for which we know the length of two sides (AB and AD).  Use the Pythagorean theorem (a2 + b2 = c2) to find the length of side BD and hence to estimate the thickness of the crust under Milwaukee.

estimated crustal thickness:  _______ ± ___ km
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