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A B S T R A C T

Activation parameters derived from nanoindentation creep tests, such as the transient creep exponent, strain rate 
sensitivity (SRS) exponent and activation volume, typically show indentation depth or load dependence. This has 
led to differing interpretations of the underlying deformation mechanisms in nanoindentation creep literature. In 
this study, we investigate the determination of the SRS exponents from constant load hold (CLH) nano
indentation creep experiments using two distinct approaches: (i) the widely used single creep segment method, in 
which the plastic zone volume continuously expands during the hold period, and (ii) a newly proposed constant 
depth method that utilizes multiple creep curves, thereby maintaining approximately constant plastic zone 
volume. The SRS exponents obtained from both approaches are compared with those derived from the more 
established nanoindentation strain-rate jump (SRJ) tests. All experiments were performed on nanocrystalline 
nickel (nc Ni) with a spherical tip. While both creep-based approaches show an increase in SRS with indentation 
depth, the constant-depth method exhibits a substantially weaker dependence. The observed trends suggest that 
the increase in SRS during nanoindentation creep may be associated with the evolution of primary creep 
exponent itself.

1. Introduction

Nanoindentation-based [1,2] creep studies have been considered to 
be highly attractive due to ease of sample preparation, small sample 
volume requirements and the ability to conduct multiple tests on a single 
sample for statistical reliability. Initial studies in the field of nano
indentation creep testing centered on investigating the possibility of 
extracting steady-state creep exponents and activation parameters, 
similar to uniaxial creep tests [1]. While there were some successes, it 
quickly became clear that the creep exponents derived from macro-scale 
tests and nanoindentation do not match well, with the exception of 
materials having high primary creep rates (and high homologous tem
peratures) – for e.g. In, Sn, etc [3,4]. Goodall and Clyne [1] reported an 
extremely weak correlation between the short duration nanoindentation 
creep exponents and literature reported, macroscale, steady-state stress 
exponents for 15 materials. Numerous explanations have been provided 
for this discrepancy comprising of fundamental microstructural factors 

in nanoindentation, for e.g. triaxial stress state, an ever-expanding 
deformation volume, the deforming material being predominantly in 
primary creep regime, and limitations of the nanoindentation creep 
technique itself, e.g. stress drop during CLH tests and thermal drift.

All the reported experimental and data analysis methods calculate 
the creep stress exponent or strain rate sensitivity from an expanding 
deformation volume [5,6]. In conventional creep tests, the creep expo
nent is typically calculated from steady-state regime, comprising of a 
non-evolving or constant microstructure [7,8]. Caillard and Martin [9]
extended this idea to non-steady state conditions by considering 
near-constant plastic strain to extract strain rate sensitivity exponents 
and activation volumes from a variety of short duration (i.e. transient) 
tests – repeated relaxation and repeated creep tests. Blum et al. [10]
refer to the same idea of considering identical plastic strain in activation 
analysis as “quasi-stationary microstructural states”. Unlike uniaxial 
tests, it is not possible to define the total strain or even plastic strain 
value reliably in nanoindentation due to steep stress and strain gradients 
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