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Introduction

Generation of shock waves with gas gun helps studying the 
dynamic behaviour of materials :

- Validation of rupture criteria

- Characterisation of materials

- Shockwave propagation (edge effects)

⇒ Use of numerical simulation (Altair Hyperworks Radioss ®) 
in this intention.
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Experimental setup

• Plate impact of OFHC Copper, 5 mm thick  at 312 m/s 
on a OFHC Copper target, 10 mm thick
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Shockwave relations

Rankine-Hugoniot equations :
• Mass conservation : ρ (D - u)  = ρ0 D

• Impulse conservation : P – P0 = ρ0 D (u – u0)

• Energy conservation : E(P, ρ) – E0 = (P + P0) ( 1/ρ0 – 1/ρ)/2

Mie-Grüneisen equation of state :

Empirical relation between D and u :

D = C0 + s.(u-u0)

(v))E - (E 
v
Γ  (v)P - v)P(E, 00 =
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Analytical study in 1 D

• Plate impact

P-u diagram x-t diagram
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Johnson-Cook elasto-plastic model

•Elasto plastic Johnson-Cook model :

A, B, C, n and m the Johnson Cook constants. T0 the reference temperature 
(300 K) and Tfusion the temperature of melting.
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Tuler-Butcher damage model

• Cumulative model : rupture becomes effective 
when I >K 

with σr = ½ ρ c ∆u

• Not unique set of parameters (σr, K, A) 
• In this study :

• σr = 0.007375 Mbar
• K = 20
• A =1.81

∫=  dt )σ - (σI A
r
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Numerical simulation/experiments 1D

• Finite element analysis with 25 µm mesh size

• Satisfying up to 2 µs

• Then, edge effects => 2D !
OFHC Copper :
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Analytical expression of edge 
effects

• Planar shock wave propagation after impact :
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2 D axisymmetric simulation

• Mesh size 100 µm.
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Free surface velocity

• Comparison with experiments
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Free surface velocity refinement

• Determination of the Angle of attenuation :
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=> 16.7° < α < 21.8°

In agreement with the  
analytical approach.
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Fracture analysis

• Target deformation with pressure field

@ t= 20 µs
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Conclusion

• The Tuler-Butcher criterion is able to reproduce dynamic 
fracture in plate impact condition on OFHC Copper (σr = 
7.375 kbar; K = 20; A =1.81).

• The angle of attenuation at 312 m/s in OFHC Copper has 
been estimated by experiments that are in agreement with 
theory and simulation. We found 16.7° < α < 21.8°.

• Refined experiments could be performed in ordre to refine 
this result.

• Other shock intensities and other materials should be 
tested.
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States significance of this work

• Good accordance Exp/Num for velocity signals as 
well as for the target deformation.

• Inverse approach allows the estimation of the 
angle of attenuation when it is difficult to 
measure by experiments.
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Questions ?


