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Comparison of Signal Powers Generated with Metal Hammer Plate
and Plastic Hammer Plate
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Abstract: One of the most challenging issues facing shallow seismic survey is how to generate large amplitude of high
frequency signal with small seismic sources. We tested the performance of the most commonly used shallow seismic
source, hammer, with four plates: PE, nylon, aluminum, and steel plates. We compared their signal powers in terms of
impulsive forces, accelerations, and ground vibration velocities caused by hammer impacts. According to a previous work,
hammer blowing to an aluminum plate would generate the largest amplitude among four combinations. However, it was
found in this experimental research that aluminum plate delivers seismic wave energy to the ground less than that
generated with steel or PE plate. Even though the amplitude is relatively small, plastic plates could provide seismic pulses
of 180 ~200 Hz in the bandwidth, and it seems to be very hard to generate seismic energy over the frequency of 250 Hz.
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Table 1. Physical and elastic properties of hammer plates.

Dynamic Dynamic
Plates Mass v, g Pgisson's Elastic Rebound
(g) (km/sec) (km/sec) . modulus Coefficient
ratio o
(kg/em®)
PE 516 249 0.98 0.41 25,000  0.79

Nylon 686  2.64 1.25 0.36 50,000 0.84
Aluminum 1,510  6.70 3.69 0.28 950,000  0.74
Steel 4,400  5.95 3.52 0.23 2,400,000  0.58
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Fig. 1. Experimental setup for measuring impulsive force caused
by hammer impact to the selected plate.
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Fig. 2. Experimental setup for measuring acceleration caused by
hammer impact to the selected plate.
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Fig. 3. Comparison of impulsive forces caused by hammer impacts
with various plates. The steel plate shows the lowest peak and slow
decay of force.
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Fig. 4. Comparison of power spectral density of impulsive forces
caused by hammer impacts with various plates. The steel plate
shows the higher energy power at less than 80 Hz.
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Fig. 5. Comparison of impulsive force powers caused by hammer
impacts with various plates. The steel plate shows the largest
power, whereas the nylon plate shows the smallest power.
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Fig. 6. Comparison of acceleration variation caused by hammer
impacts with various plates. The steel plate shows the largest
variation.
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Fig. 7. Comparison of power spectral density of accelerations
caused by hammer impacts with various plates. The steel plate
shows the peak at the frequency of 130 Hz.
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Fig. 8. Comparison of acceleration powers caused by hammer
impacts with various plates. The steel plate shows the largest power,
whereas the aluminum plate shows the smallest power.
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Fig. 9. Comparison of seismic waves caused by hammer impacts
with various plates. The steel plate shows the largest amplitude,
whereas the aluminum plate shows the smallest amplitude.
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Fig. 10. Comparison of power spectral density of seismic waves
caused by hammer impacts with various plates. The steel plate
shows the peak at the frequency of 160 Hz, whereas plastic and
aluminum plates show the peaks around 180 ~200 Hz.
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Fig. 11. Comparison of velocity powers caused by hammer impacts
with various plates. The steel plate shows the largest power, and
the aluminum plate shows relatively small power and the largest
standard deviation.
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