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Bands of 
localized 

deformation

Microstructure of copper
 

(d350
 

μm)
after shock loading



Bands of localized deformation in Bands of localized deformation in CuCu
 

single crystalsingle crystal

P 40 GPa



Experimental setupExperimental setup
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Grains with bands of localized deformation in loaded Grains with bands of localized deformation in loaded 
samplessamples
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CalculatedCalculated
 


 ХХ
 

and strain rate profilesand strain rate profiles

0 2 4 6 8 10 12 14
0

4

8

12

16

20

24

 X
 (G

Pa
)

X (mm) 0 2 4 6 8 10 12 14
105

106

107

108

109

1010

.
i
max (s-1)

X (mm)

Р20
 

GPa

0 1 2 3 4 5 6 7
0

5

10

15

20

25

30

35

40

45

50

55

 X
 (G

Pa
)

X (mm)
0 1 2 3 4 5 6 7

105

106

107

108

109

1010

1011

.
i
max (s-1)

X (mm)

Р50
 

GPa



Concentration of grains with BLDConcentration of grains with BLD
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Formation of bands of localized 
deformation

•
 

Shear bands form mainly in coarse-grain copper.
•

 
When the pressure decreases the amount of shear 
bands decreases also, and their period increases. (In 
copper with the finest grain –

 
30

 
µm-

 
shear bands 

disappear at Р<30
 

GPa).
•

 
Lowering of temperature increases the shear bands 
formation possibility.

•
 

When the strain rate increases the amount of shear 
bands increases also.

•
 

The threshold of bands formation is :
 

P~25GPa, 
έ~107s-1



«Thin»
 

twins,
 

thickness u <10
 

nm «Thick»
 

twins,
 

thickness u100
 

nm 
(P=18
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Twin shape as a lens (P=35
 

GPa) Twin with noncoherent
 

boundary 
(P=20

 
GPa)

Form of twins



Parallel location of twins
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BLD formed by twins

P=20
 

GPa



Dependence
 

of
 

volume fraction of twins, 
, on loading conditions
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Concentration of twins and microhardness
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Surface after high-rate strain with deep 
relief (58

 
GPa)

Relief of surface of coarse-grain copper 
after low-rate strain

Scanning electron microscopy



P=20
 

GPa Shear bands in triple joint of grains 
P=20

 
GPa

Microelements of deformed surface



Dislocation density dependence on strain rate at different pressDislocation density dependence on strain rate at different pressuresures
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Twins and dislocations, 35 GPa
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High and low strain rate: comparison

0

2

4

6

8

10

12

14

16

18

0 0.1 0.2 0.3 0.4 0.5 0.6

strain

di
sl

oc
at

io
n 

de
ns

ity
 1

010
cm

-2 low strain rate, coarse
grain (M. Zehetbauer,
1999)

shock, strain rate ~
10 9̂ 1/s

quasi-isentropic, strain
rate ~ 10 6̂ 1/s

 single crystal (M.
Haberjahn, 2002)



0

10

20

30

40

50

60

70

80

90

100

0 0,1 0,2 0,3 0,4 0,5 0,6
strain

di
sl

oc
qt

io
n 

de
ns

ity
, 1

010
 с

m
-2

statics, M.Zehetbauer, 1999

20μm

30μm

UFG (0.5 μm)

110 μm, T = - 190

110 μm, T = 20

Dislocation density in copper after shock loading



Dislocation density in Ta in shock wave
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Sample % of BLD-containing 
grains
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Bands of localized deformation in tantalum
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