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Ductile fracture

Fracture surface in SA333 steel,
room temp., dε/dt=3×10-3s-1

(S.V. Kamata, M. Srinivasa and P.R. Rao,
Mater. Sci. Engr. A, 528 (2011) 4141–4146)

Heller, A., How Metals Fail, Science & 
Technology Review Magazine, 

Lawrence Livermore National Laboratory, 
pp. 13-20, July/August, 2002 
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Local deformation theory: Growth

Ti

Eleiche & Campbell (1974)

Armand Considère, Annales des Ponts et Chaussées, 9 (1885) 574-775.

Necking of bars
Rittel et al. (2014)
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Strain-gradient plasticity

W. Nix & H. Gao (1998)

N. Fleck et al. (1993)
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Ductile fracture: Optimal scaling



Michael Ortiz
CFRAC 2023

Ductile fracture: Upper bound

L. Fokoua, S. Conti & MO, ARMA, 212 (2014) 331–357.
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Ductile fracture: Void sheets

Heller, A., How Metals Fail, Science & Technology Review Magazine, 
Lawrence Livermore National Laboratory, pp. 13-20, July/August, 2002 

void 
sheet
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Upper bound: Sketch of proof

void

void
sheet

QED
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Ductile fracture: Lower bound

L. Fokoua, S. Conti & MO, ARMA, 212 (2014) 331–357.
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From micro-plasticity to ductile fracture
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1Mu, Y., Zhang, X., Hutchinson, J.W., Meng, W.J., 2016.  MRS 
Commun. Res. Lett. 20, 1–6.

Shear flow stress as a function of thickness for Cu layers1. 
SGP model prediction shown as dashed line. 

Insert shows SEM image of experimental setup.

SGP

Mu, Y., Zhang, X., 
Hutchinson, J.W., Meng, W.J., 

2017. J. Mater. Res. 
32 (8), 1421–1431.

𝜎𝜎 = 0.2!
FSGP

Fractional strain-gradient plasticity 
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Ductile fracture revisited: FSGP

S. Conti & MO, ARMA, 219 (2016) 607–636

adapted from 

adapted from 
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Upper bound: Sketch of proof

QED

S. Conti & MO, ARMA, 219 (2016) 607–636

craze 
sheet

ligament

Crazing construction:

ligament
pull-out 

P. Noell et al., 
SANDIA

2018-2431C 
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What have we learned?

…
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What have we learned?

Beltz, G., Rice, J.R., Shih, C.F. & Xia, L., 
Acta Mater., 44(10) (1996) 3943-3954.

FEM 𝐷𝐷~1/√𝜌𝜌

(F)SGP:

𝐽𝐽𝑐𝑐
𝛾𝛾

~
𝛾𝛾
𝛾𝛾𝑐𝑐

𝛽𝛽

𝛾𝛾𝑐𝑐~𝜇𝜇𝑏𝑏2/ℓ

𝐽𝐽 𝑐𝑐
/𝛾𝛾

𝛾𝛾/𝛾𝛾𝑐𝑐

• 𝐽𝐽𝑐𝑐 rises sharply above 𝛾𝛾, 
provided 𝛾𝛾 >  𝛾𝛾𝑐𝑐 (threshold)

• 𝛾𝛾 has gating effect on 𝐽𝐽𝑐𝑐
• (F)SGP + work hardening 

exponents < 1, explain 
ductile fracture, scaling

Ariza, M.P,  Conti, S. & Ortiz, M., 
Eur J Mech A Solids (submitted).
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Concluding remarks

Thank you!
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