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Spall in Metals Induced by Explosive Shock Loadings
and Protective Measures Using Momentum Traps

Tetsuyuki HIROE, Hideo MATSUO, Kazuhito FUJIWARA,
Masanobu MIYATA, Shigeaki MATSUMOTO and Takayuki ABE

Spall tests for three kinds of materials (A12024, SS41, Cu) are conducted using a newly developed
testing device. This experimental assembly generates triangular stress waves with various gradients-
in plate specimens (50X50X20 mm) by direct explosive loadings. The relationship between mea-
sured spall layer thicknesses (5—15mm) and the explosive (PETN) thicknesses indicate that a time
dependence exists in spall phenomena of the metals. A computer program with a cumulative damage
model was constructed, which has reproduced the basic characteristics of the observed failure in the
metals. It is known that the stress wave reflected at the free surface can be prevented from reaching
the specimen plate by spallation of the momentum trap or spall plate, which is mounted in contact
with the specimen. The following spall test results for A12024 have verified this effect and the

numerical analysis also has simulated the phenomena successfully.
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Fig.1 Schematics of spall testing assembly
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Fig.2 Shock loading and spall evaluation region
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Fig.3 A typical cross section of spalled
specimen (SS41, H : 15 mm)
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Table 1 Material constants for stress calculation

Materials

Constants Al2024|SS41 [Cu

Grineizen Coefficient ' | 2.0- |1.69 [1.96

Equation

Slope Parameter s 1.3711.92 |1.49
of state

(Mie-Griineizen) Intercept Co(km/s) 5.25(3.57 |3.94

Ambient Density (g/cc) | 2.73 |7.85 |8.93

Shear Modulus (GPa) 27.6 |76.9 {45.6

Elastic-Plastic [yje1q Stress (GPa) | 0.17 |0.46 |0.27
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Fig.4 Experimental results of relations between spall
layer thicknesses 2 and explosive thicknesses H
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Fig.5 Typical numerical simulation results
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Fig.6 Comparisons of experimental and numerical relations between spall layer thickness and explosive thickness
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Fig.9 Comparisons of experimental and numerical
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