
Accepted Manuscript

Environmentally enhanced creep crack growth by grain boundary cavitation under
cyclic loading

Jian-Feng Wen, Yu Liu, Ankit Srivastava, Amine Benzerga, Shan-Tung Tu, Alan
Needleman

PII: S1359-6454(18)30311-2

DOI: 10.1016/j.actamat.2018.04.034

Reference: AM 14522

To appear in: Acta Materialia

Received Date: 25 March 2018

Accepted Date: 13 April 2018

Please cite this article as: J.-F. Wen, Y. Liu, A. Srivastava, A. Benzerga, S.-T. Tu, A. Needleman,
Environmentally enhanced creep crack growth by grain boundary cavitation under cyclic loading, Acta
Materialia (2018), doi: 10.1016/j.actamat.2018.04.034.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.actamat.2018.04.034


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Environmentally Enhanced Creep Crack Growth by Grain

Boundary Cavitation under Cyclic Loading

Jian-Feng Wena,b, Yu Liua, Ankit Srivastavaa, Amine Benzergaa, Shan-Tung Tub, Alan
Needlemana,∗

aDepartment of Materials Science and Engineering, Texas A&M University, College Station, TX 77843,
USA

bSchool of Mechanical and Power Engineering, East China University of Science and Technology, Shanghai
200237, China

Abstract

Plane strain finite element calculations of mode I crack growth are carried out under small
scale creep conditions with an imposed stress intensity factor that is a prescribed cyclic func-
tion of time. The finite deformation analyses are based on a constitutive relation that couples
creep deformation and damage due to grain boundary cavitation including a simple model
of the embrittling effect of solute (oxygen) diffusion along grain boundaries. Isothermal
analyses are carried out for two sets of material and grain boundary parameters: (i) param-
eter values representative of HASTELLOY R© X; and (ii) parameter values representative of
P91. For a fixed imposed stress intensity factor range the detrimental environmental effect is
found to increase with increased hold time. A stronger detrimental effect of environmentally
assisted grain boundary embrittlement is found for HASTELLOY R© X than for P91. The
variation of the predicted cyclic crack growth rate with imposed stress intensity factor range
is found to be in good quantitative agreement with experimental results in the literature
for both HASTELLOY R© X and P91. Paris law behavior, i.e. the cyclic crack growth rate
depending on the imposed stress intensity factor range raised to a power, emerges naturally
in the calculations. Parametric studies show that the cyclic crack growth rate and the Paris
law exponent are more sensitive to variations in the grain boundary diffusivity, the solute
diffusivity and a parameter characterizing the environmental embrittling effect than to pa-
rameters characterizing the creep response of the undamaged material. Also, an explicit
analytical expression is found that gives a very good fit to the computed dependence of the
cyclic crack growth rate on the solute diffusivity.
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