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Background



BCC Metals

Some important Body-Centered Cubic (BCC) metals:

Iron (Fe): Engineering materials

Tungsten (W): High hardness, Electrical conductor

Molybdenum (Mo): Withstands extreme temperature

Niobium (Nb): Superconducting magnets, Superalloys

Tantalum (Ta): Electronic components, Superalloys

Vanadium (V): Alloys

Chromium (Cr): Corrosion resistance
Reference: http://en.wikipedia.org/wiki/Main_Page

http://en.wikipedia.org/wiki/Main_Page


BCC Metal Properties
Plastic deformation and 

strength of materials are 

Function of temperature.

Function of strain rate.

Irreversible processes that are 

path-dependent

M. A. Meyers, Y. -J. Chen, F. D. S. Marquis, and D. S. Kim, Met. Trans. 26A, (1995) 2493

K. G Hoge and A. K. Mukherjee, J. Matls. Sci. 12 (1977) 1666

ö
÷

õ
æ
ç

å
= historyndeformatioT

dt

d
Pf ,,,,

e
es

Objective: constitutive equation

BCC metals: much higher 

temperature and strain-rate 

sensitivity than the FCC metals

Ta



Dynamic Behavior



Physical Based Constitutive Equations
Material responds to external tractions by 

Dislocation generation and motion 

(most important carriers of plastic deformation in metals)

Mechanical twinning 

Phase transformation

Fracture (microcracking, failure, delamination)

Viscous glide of polymer chains and shear zones in glasses
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Orowan Equation

M. A. Meyers, in ñMechanics and Materials,ò John Wiley & Sons, 1999



Constitutive Equations:

Litonski 1977

Johnson-

Cook
1983

Klopp 1985

Meyers 1994

Andrade 1994
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M. A. Meyers, in ñMechanics and Materials,ò John Wiley & Sons, 1999
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Experimental Results

The rate of work hardening increases for 

decreasing temperature 

increasing strain rate

Johnson-Cook Equation to iron 

U. R. Andrade, M. A. Meyers, and A. H. Chokshi, Acripta Met. et mat. 30 (1994) 933

M. A. Meyers, in ñMechanics and Materials,ò John Wiley & Sons, 1999

300K

500K

700K

10-4 s-1

1 s-1

3000 s-1
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Dynamic Behavior

~ Dislocation Motion ~



BCC Slip Systems

 

1 10( )+1 01 ( )=2 11 ( )

Y. Tang, E. M. Bringa, B. A. Remington, M. A. Meyers, Acta Mat. (2010). Imprint

M. A. Meyers and K. K. Chawla, in ñMechanics Behavior of Materials,ò Prentice-Hall, 1999
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Asymmetry in Dislocation Glide
Core dislocation structure: ½[111] screw dislocation

Maximum resolved shear stress plane (MRSSP) is 

R. Groger, A. G. Bailey, V. Vitek, Acta Mater. 56 (2008) 5401

R. Groger, A. G. Bailey, V. Vitek, Acta Mater. 56 (2008) 5426

Vitek and Paidar, in ñDislocation in Solidsò, Vol. 14, Ch. 87, 2008

TensionCompression

Mo
Mo

 

1 01()



Barriers to Dislocation Motion

Rate Controlling Mechanisms

FCC BCC

Dislocation Forests Peierls-Nabarro Barrier

C. Duhamel, Y. Brechet, and Y. Champion, Inter. J. Plasticity 26 (2010) 747

P. S. Follansbee, Metall. Mater. Tans. A, 41A (2010) 3080

B. Xu, Z. Yue, and X. Chen, J. Phys. D: Appl/ Phys. 43 (2010) 245401

M. A. Meyers, in ñMechanics and Materials,ò John Wiley & Sons, 1999

Short-Range Barriers

 

u* ~100-1000b3

 

u* ~10-100b3
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Peierls-Nabarro barrier

Dislocation Movement

Seeger kink-pair 

Mechanism

Pinning

M. Rhee, D. Lassila, V. V. Bulatov, L. Hsiung, and T. D. Rubia, Philo. Mag. Lett. Vol. 81 (2001) 595

M. A. Meyers, in ñMechanics and Materials,ò John Wiley & Sons, 1999



Dislocation Movement

Stress  (MPa)

50 MPa 200 MPa 1000 MPa

M. Rhee, D. Lassila, V. V. Bulatov, L. Hsiung, and T. D. Rubia, Philo. Mag. Lett. Vol. 81 (2001) 595

BCC Molybdenum (Mo)

threshold 

stress

Uniaxial stress applied along the [001] axis


