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1. Dislocation dynamics: (dε/dt) = (1/m)ρbν → (1/m)(dρ/dt)b∆xd    8 charts 

   1.a. TASRA, Zerilli-Armstrong (Z-A) and Johnson-Cook relations 

   1.b. The dislocation activation volume, v* = W0/τTh 

     1.c.  Application to copper, steel and tantalum 

2. Shear banding (1981/2,1993/4)                                                  4 charts 

   2.a. dislocation pile-up avalanche: nτ = τ* 

   2.b. Lueders-type and other type shear banding (Fe, Ti, Mg)   

3. Shock loading versus isentropic compression experiments       6 charts 

   3.a. Shock-induced dislocation generations: (dε/dt) = (1/m)(dρ/dt)b∆xd 

   3.b. Control by dislocation drag in ICEs: σTh = (c/β1)(dε/dt) 

4. Hall-Petch for nanopolycrystals: σε =σ0ε + kεℓ
-1/2                         5 charts 

   4.a.  The dislocation number dependence: ∆n = 1.0; ∆τ = (-1/n)τ  

   4.b. H-P strain rate sensitivity: v*-1 = v0*
-1 + (kε/2mτCεvC*)ℓ-1/2 

         



Dislocation Dynamics: the TASRA 

(1) Johnson - Cook: σ = (A + Bεn)(1 + Cln[dε/dt])(1 –T*m) 

                            T* = (T – TA)/(T – TM) 
 

(2) Z - A:      [dγ/dt] = [dγ/dt]0exp{(-G0 + ∫v*dτTh)/kT} 

                       v* = kT{∂ln[dγ/dt]/∂τTh}T =  W0/τTh 
 

(2.1) bcc case:   σε = mτε = σ0G + B0exp{-βT} +Kεn + kεℓ
-1/2 

(2.2) fcc: σε = mτε = σ0G + B1[εr{1 –ε/εr}]
1/2exp{-βT} + kεℓ

-1/2 

                            β = β0 - β1ln[dε/dt] 
 

(3) (Hall-Petch) Twinning:  σT = σ0T + kTℓ-1/2 ; kT > kε 
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Phys. 61, 1816-1824 (1987); R.W. Armstrong, “Dislocation mechanics description of polycrystal 

plastic flow and fracturing”, In: Mechanics and Materials: Fundamentals and Linkages, M.A. 

Meyers, R.W. Armstrong and H.O.K. Kirchner (John Wiley & Sons, Inc., NY, 1999), pp. 363-398 

 



A critical constitutive equation role for the thermal 

activation volume, v* = bA* = kT{∂ln[dγ/dt]/∂τTh}T 
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Activation volume, v*, measurements for hcp metals 
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Z-A and J-C stress-strain curves for Cu  

 

 

 

 

 

 

 
 

 

 

 

 

     

 

  B0 = 890 MPa, α0 = 0.0028 K-1,α1 = 0.000115 K-1, (ε/εr) < 1.0,  kε= 5 MPa.mm1/2, σG + kεℓ
-1/2 = 65 MPa 
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J-C/Z-A  fcc Taylor test result  
300 ≤ T ≤ ~600 K; 0 ≤ dε/dt ≤ ~105 s-1 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

F.J. Zerilli and R.W. Armstrong, “Dislocation-mechanics-based constitutive relations 

for material dynamics calculations”, J. Appl. Phys., 61, 1816-1825 (1987),  



Original Taylor cylinder test result on mild steel 
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J-C/Z-A: twinning and slip in Armco iron  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

F.J. Zerilli and R.W. Armstrong, Shock Compression of Condensed Matter (SCCM) , edited by 
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Tantalum: σ, dσ/dε over (T, [dε/dt], ε) 
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Dislocation pile-up avalanche model for hot 

spots and shear banding 
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Shear band susceptibility: kS/K* 
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Molten metal spray on Ti6Al4V shear plug 
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Lueders bands in Mg 
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The progression 

1. Beginning with the TASRA and leading to 

impact results obtained on copper and α-iron 

materials, then to shear banding, a rather smooth 

progression occurs for higher strength levels being 

achieved at higher applied plastic strain rates. 

2. A much stronger strain rate dependence is 

obtained for shock-induced plastic flow stress 

levels because of enhanced dislocation generation 

occurring along the propagating shock front. 

3. A comparably high drag-controlled plastic flow 

stress occurs for isentropic compression 

experiments (ICEs) because the initially resident 

dislocation density must move at high speed. 



Shock-induced plasticity in Armco iron 
[twinning-determined HEL & grain-size-independent (dε/dt)] 
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TASRA correlation of shock measurements 
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Dislocation drag control for (shockless)  

isentropic compression  

 

 

 

 

The resident dislocation density is required to “carry the load”,  

and because ρN is low, νN is so high as to be controlled by “drag”! 
 

   σTh = {1 – [c(dε/dt)/β1σTh]
-β1T }[Bexp(-βT)] 

 
 

 in which  

                          c = c0m
2β1/ρb2  and  bτTh = c0ν. 

 
At limiting high (dε/dt): 
 

σTh = (c0m
2/ρb2)(dε/dt) 
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Drag control for (shockless) ICE on copper 
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SHPB, shock and ICE results on ARMCO iron 
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Hall-Petch/Griffith connection for k being 

described as a stress intensity  
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The H-P dependence for iron and steel on a log/log basis 
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Limiting H-P relation for one dislocation loop and 

H-P application for twin boundaries in copper 
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H-P description of Cu and Ni strain rate sensitivity, 

 v* = kT{∂ln[dγ/dt]/∂τ}T 
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Log/log grain size dependence of v* for Mg 
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SUMMARY 

1. Dislocation dynamics results were described on the 

basis of the thermal activation – strain rate analysis 

and the Z-A equations (1973, 1987,1999). 

2. Dislocation pile-up avalanches are proposed to 

provide a fundamental explanation of shear banding 

behavior (1981/2,1993/4).  

3. Modeling of shock-induced deformations places 

emphasis on dislocation generations (1992, 2009). 

4. Shockless Isentropic Compression Experiments are 

explained in terms of dislocation drag (ICEs, 2006/7).  

5. Hall-Petch results were demonstrated for 

nanopolycrystalline materials (1962, 1969/70, 2006).  


