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Objective: Measure variability of Ta response

• Ta samples supplied by AFRL were thermomechanically processed from 

rods supplied by H. C. Starck Inc.

 Uniform refined grain structure

 Grain size ~20 microns

 Strong axisymmetric [111] crystallographic texture

• Ta samples supplied by LANL were equiaxed; grain size ~ 20 m

• COTS Ta samples were not analyzed for microstructure.

Confirmation of continuum properties:
• Loading and unloading curves
• HEL
• Hugoniot
• Hysteresis Variability in strength properties:

• Spall strength
• HEL

Attenuation measurements

Effects of edge releases

The present discussion
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The line-imaging VISAR provides
spatially-resolved velocity histories



To VISAR
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(No Window)TaTaC
Foam

Tantalum is a mesoscopically heterogeneous
material, with heterogeneous yield behavior

Spall strength calculated from pullback

HEL strength calculated 
from elastic wave 

amplitude



Spall strengths vary from shot to shot
and from point to point

Spall strength = 0.5*Pullback*0*C0 + h/2*(dp/dt)*(1/Cb-1/Cl)
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HEL levels vary from shot to shot
and from point to point as well

Strength at HEL = HEL*(1-2)/(1-
) = (1/2)*VPlat(HEL)*US(HEL)*(1-2)/(1-

)

Green line defines 
VPlat(HEL), TOA (HEL)
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A useful way to express failure properties is via 
Weibull statistics

The probability of failure at or below a given stress P() is:
P() = 1 – exp[ - (/)] 

Here,  is a scale parameter (dimensions of stress) and 
is the Weibull modulus.  Larger  means a narrower 
range of  over which yield occurs.

Convention:
 is often referred to as 0;  as m

For a set of n samples (ordered from first-to-fail to last), 
the jth result is assigned a cumulative probability of failure 
Pj.  A common estimator is:

Pj = j / (n + 1)

(although there are others)



y = 10.878x - 18.234
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The rate function is what 
fraction of the unfailed 
points will be expected to 
fail over the next 1 GPa 
stress increment.
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 = 5.35 (~ centroid)

= 10.88 ( 1/spread)

P() = 1 – exp[ - (/)]

Weibull statistics parameterize the failure 
histogram of a sample



ln()

(spall strength here appears low)
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y = 5.5637x - 2.4693
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y = 12.666x - 23.871
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y = 11.256x - 18.861
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SiC(N) Hammy 4
Beta = 5.5637

Alpha = 1.55866

LANL Ta Ta-6
Beta = 12.666
Alpha = 6.5841

Eglin Ta LINR-4
Beta = 11.256
Alpha =5.3422

Spall strength distributions vary according to material,
stress level, waveform, and possibly other factors



HEL strength distributions vary according to material,
travel distance, and possibly other factors

y = 9.4016x - 6.0406
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y = 7.1796x - 1.6759
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4.5 mm propagation: =9.54;
 = 1.23

1.4 mm propagation: =9.4;
 = 1.90
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1. Spall (3 shots)

Objectives: Spall strength, 
spatial variations in properties, 
HEL, attenuation measurements

To VISAR
(point, line)

(No Window)Ta

TaC
Foam

2. Spall, edge effects (4 shots)

Objectives:  Assess effects of edge 
releases plus objectives of (1)

Three types of experiments were conducted with line 
VISAR to elucidate spatially variability in Ta response

Peak pressure: 12 GPa
Impact velocity: 400 m/s
Projectile: 0.20 – 0.25 mm Ta
42 mm dia.
Target: 1.15, 2.25, 4.5 mm Ta
42 mm dia.

Peak pressure: 12 GPa
Impact velocity: 400 m/s
Projectile: 0.16 – 0.25 mm Ta
21 mm dia.
Target: 1.13, 2.2, 4.5 (x2) mm Ta 
42 mm dia.

To VISAR
(point, line)

No
Window

TaTaC
Foam

3. Thick Target Spall (1 shot)

Objective: Measure loading 
properties and spall where spall 
plane is deeper in the sample.

Peak pressure: 6 GPa

Impact velocity: 205 m/s

Projectile: 3.4 mm Ta 42 mm dia.

Target: 4.5 mm Ta 42 mm dia.

Conducted with AFRL Ta; 
similar experiments conducted 
with LANL and COTS Ta 



The full matrix gives more details



The Weibull analyses show the LANL Ta the most 
variable point-to-point, except for one spall measurement

HEL

Shot name Sample Type   Thickness Stress

Linr-4 AFRL 9.402 1.902 1.148 12.2

Linr-6 AFRL 7.180 1.263 4.488 12

Linr-10 AFRL 9.001 1.214 4.491 12

Linr-12 AFRL 9.539 1.230 4.501 6

Ta-1 COTS 8.135 1.011 1.948 11

Ta-4 LANL 6.634 1.238 1.770 8

Ta-5 LANL 8.662 1.139 1.765 9.4

Ta-6 LANL 5.548 1.342 1.763 10.9

Spall

Shot name Sample Type   Spall Depth Stress

Linr-4 AFRL 11.283 5.293 0.25 12.2

Ta-1 COTS 29.270 6.222 0.45 11

Ta-4 LANL 27.003 6.146 0.50 8

Ta-5 LANL 13.964 4.079 0.52 9.4

Ta-6 LANL 12.539 6.183 0.53 10.9

(mm) (GPa)

(mm) (GPa)



This inconsistency is also apparent in the velocity 
surface itself (example set; also true for other sets).
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= 29.27
 = 6.22

= 27.00
 = 6.15

= 12.54
 = 6.18

Much greater variability
in this pullback!

Spall depth:  0.45 mm
Stress level: 11 GPa

Spall depth:  0.5 mm
Stress level: 8 GPa

Spall depth:  0.53 mm
Stress level: 11 GPa

Ta-1 COTS Ta-4 LANL Ta-6 LANL

Remember – larger  means less variability in failure level



Ta-5 (equiaxed Ta)

HEL: Beta = 8.66; Alpha = 1.13
Spall: Beta = 13.94; Alpha = 4.08

Material is more homogeneous under 
spall than under initial loading.

Shock pressure ~9.5 GPa

To VISAR
(point, line)

(No Window)Ta
1.76 mm

Ta
0.52 mm

C
Foam

Tantalum appears to be more homogeneous
under spall than under initial loading.



Conclusions

• Uniform samples of Ta were tested in gas gun tests with line-imaging VISAR 
(~6 - 12 GPa peak stresses) to ascertain spatial variability of HEL and spall

• Three materials used:
- AFRL (Eglin) Ta had refined 20 m grain structure with strong

axisymmetric [111] crystallographic texture
- LANL Ta had equiaxed 20 m grain structure
- COTS (commercial off-the-shelf) Ta had an uncharacterized structure

• A statistical analysis of the variability of the spall strength and the HEL yielding 
was conducted using the Weibull method to attempt to find systematics

• We found suggestions of greater variability in the equiaxed 20 mm Ta stock 
than in that with the axisymmetric [111] crystallographic texture, but the 
statistics were not completely consistent on this point.


