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Measurement and analysis of stress waves in concrete targets under
ultra-high velocity impact conditions
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Abstract: To investigate the stress wave characteristics within concrete targets under ultra-high velocity impact conditions, a
stress wave testing system based on PVDF piezoelectric stress gauges was\established, and research on the calibration method
for PVDF piezoelectric stress gauges was conducted. The stress wayeforims avithin concrete targets impacted by kilogram-scale
cylindrical 93W tungsten alloy projectiles at ultra-high velocity were/measured, and the generation and propagation mechanisms
of stress waves were analyzed using numerical simulation methods/ THe| following conclusions were drawn: (1) The dynamic
characteristic parameters of the PVDF piezoelectric stress gauge were calibrated, yielding a dynamic sensitivity coefficient of
17.540.5 pC/N for the PVDF piezoelectric stress gauge; (2) Highsignal-to-noise ratio stress waveforms within the concrete target
under ultra-high velocity impact conditions were obtained using the PVDF piezoelectric stress gauge; (3) The stress waveforms
obtained from numerical simulation were in good agreement with the experimentally measured waveforms, with the maximum
deviation of the stress wave peak values betwgen simulation and experimental results not exceeding 20%, providing a useful tool
for mechanism exploration; (4) The characteristics of stress waves within the target and the mechanisms of generation and

attenuation were further understood ysing numerical simulation methods.
Keywords: hypervelocity; impaet; stressavave; PVDF; tungsten alloy projectile; concrete; two-stage light gas gun
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Fig. 1 Set-up for hypervelocity impact experiments




o5 b

Explosion and Shock Waves

ot
ﬁmﬁ“ziﬁ\\\\\ﬁ

K 2 93W 55 AL AR A e 4T
Fig. 2 Cylindrical tungsten alloy projectiles and concrete targets
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Fig. 4 Schematic diagram of PVDF piezoelectric stress sensor embedded in the target
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Fig. 9 Dynamic calibration cutve’ef PVDF piezoelectric stress sensor
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Table 1 Comparison of stress wave peaks obtained by numerical simulation and experiment under the condition of speed

3.08km/s
(% P.D/MPa Ps? / MPa AR S S I0 &5 R 1w 2=
1# 175.1 196 11.94%
2# 64.1 75.6 17.94%
3# 345 39.5 14.49%

Note: 1) P, indicates the peak pressure in the experiment;
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2) P, indicates the peak pressure in the numerical simulation.
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Fig. 14 Sensor arrangement under numerical simulation
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Fig. 16 Stress waveform obtained from the sensor at a position of 40mm-~130mm from the surface of the target
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Fig. 19 Numerical simulation model and sensor arrangement of the tungsten alloy projectile penetrating into metal target
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