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A procedure is described for Indentation Creep Plastometery (using a spherical indenter), which is analogous to 

that developed previously for Indentation Plastometry. As in that case, it is based on iterative numerical simulation 

of the indentation process, with repeated comparison between an experimental outcome and the corresponding 

model prediction, systematically varying the values of parameters in a constitutive law until optimal agreement 

is achieved. The constitutive law used here is the Miller–Norton relationship, which covers both primary and 

secondary creep regimes (although the transition between them is not well-defined). The experimental outcome 

is the penetration depth as a function of time, under a constant applied load. An important feature of the procedure 

is the prior creation of a spherical recess in the sample, having a pre-selected depth and a curvature radius equal 

to that of the indenter. This allows control over the stress levels created during the indentation creep testing and 

can be used to ensure that no (time-independent) plastic deformation is stimulated during the test. In the absence 

of such a recess, this is virtually unavoidable, since the stress levels created during initial contact between a 

spherical indenter and a flat surface tend to be very high. Such plasticity introduces unwanted complications 

into creep testing. Confirmation of the viability of the procedure is provided via comparisons between the creep 

characteristics of pure nickel samples at 750 °C, obtained in this way and via conventional uniaxial tensile testing. 
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. Introduction 

In view of the many advantages offered by indentation, compared

ith conventional uniaxial testing procedures, the development of

ethodologies that allow the extraction of reliable plasticity character-

stics from indentation data is an important goal. Much of the work car-

ied out so far has been focused on (quasi–static) plasticity (yield stress

nd work hardening parameters). However, there is also considerable

nterest in creep. A number of analytical or semi-analytical procedures

1–9] have been developed for obtaining creep characteristics from in-

trumented indentation data. Most commonly, the aim is to evaluate

he stress exponent, n , that applies during the secondary creep regime.

hese procedures inevitably involve gross simplification of the complex

tress and strain fields created as an (elastic) indenter penetrates into

 sample via creep deformation. In general, the outcomes (such as in-

erred n values) from such analytical procedures are very unreliable,

or reasons that have become clear [10–13] . One of the complications

s that the primary regime of creep tends to influence the overall out-

ome throughout the test (because the creep strain field is continually

xpanding). 
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Iterative FEM simulation of the indentation process, on the other

and, offers the potential for accurate capture of evolving stress and

train fields, particularly if a constitutive law is used that covers both pri-

ary and secondary creep behavior. In fact, the iterative FEM method-

logy is now quite well developed and reliable [14–21] for extrac-

ion of plasticity characteristics from indentation data (either load-

isplacement or residual indent profile) and software packages are be-

oming available that allow automated extraction of such properties. 

The current paper is focused on Indentation Creep Plastometery, for

hich the state of development is less well advanced. The procedure

ommonly involves the application of a constant load to a sample via

 (spherical) indenter. The load is held at this level for an extended

eriod, during which progressive penetration of the indenter into the

ample is monitored. As with Indentation Plastometry, iterative FEM

odeling of the process is carried out, with the creep characteristics

primary and secondary) captured in a constitutive law. Furthermore,

he technique has the attraction of effectively investigating the creep

esponse of the material over a range of stress levels during a single

est (whereas separate tests are needed for different stress levels during

onventional testing). Also, the FEM simulation is based on true stress

evels, whereas a drawback of conventional creep testing is that, unless
arch 2020 
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Fig. 1. Optical micrograph of the Ni. 
he applied load is varied during the test (using a feedback loop based

n the measured length change), the true stress changes progressively

uring the test as the specimen sectional area changes. 

In view of these attractions, there is every prospect of Indentation

reep Plastometery becoming widely used in due course. While the level

f activity and development has been lower than those for indentation

lastometery, a number of relevant papers [22–28] have been published.

here are also patents [29 , 30] concerning the extraction of creep param-

ters via some kind of local deformation of a sample. In fact, one of the

ain stumbling blocks so far has been the difficulty of carrying out an

ndentation creep test without stimulating (quasi-static) plasticity in the

ample at the same time, particularly during the early stages of the test.

 simple procedure is described here that circumvents this problem. 

. Experimental procedures 

.1. Introduction of a recess prior to indentation creep plastometry 

The procedure, as previously employed, incorporates a major diffi-

ulty. It is important, when carrying out creep testing, to avoid (time-

ndependent) plastic deformation. During conventional (uniaxial) creep

esting, this is easily achieved by ensuring that the applied stress level

s below the yield stress (for the temperature concerned). During in-

entation creep testing, however, the induced stress levels tend to be

ery high initially (when the contact area between the indenting sphere

nd the flat surface of the sample is small). Some plasticity is difficult

o avoid during this phase, even if attempts are made to ramp up the

pplied load in some controlled way. This is doubly unfortunate, since

a) the displacement due to plasticity is difficult to separate from that

ue to creep during this initial period and (b) inducing plastic deforma-

ion may change the microstructure in such a way as to affect the creep

esponse. 

During the current work, a spherical recess was introduced in the

ample before the start of the test, with a depth equal to half of the in-

enter radius - ie 𝛿0 = 1 mm, with an indenter radius of 2 mm. For any

elected recess depth, use of the FEM model allows the stress field in

he sample to be predicted, making it easy to ensure that the maximum

deviatoric) stress does not exceed the yield stress (for the temperature

oncerned). In the present case, the value of 1 mm was found to be suf-

ciently deep to ensure that this condition was met, for the largest load

hat was used. Making it deeper than this would, of course, have re-

uced these stresses further, but this would have had the disadvantage

f reducing the depth range over which the creep experiments could be

arried out: if the “immersion depth ” of the sphere were to approach

ts “equator ”, then the boundary conditions would change and the mod-

ling become more problematic. This development is the subject of a

ecently-filed patent [31] . 

.2. Physical creation and characterization of the recess 

The shape of the recess should match that of the indenter. It may in

ractice not be important for the matching to be very good (since local

rregularities are likely to be quickly removed once the creep testing

as started), but in the present work an attempt was made to obtain

xcellent matching. It may also be noted at this point that a typical

ndenter radius is expected to be of the order of 1–2 mm. Since this is

elatively coarse (ensuring that a representative volume of the sample

s being mechanically interrogated), the scale of the recess is such that

onventional machining procedures can be employed to create it. On

he other hand, the region being tested is still relatively small, so the

ample can be small and the mapping of properties over a relatively

arge sample is still possible. 

A recess of approximately the desired shape and depth was first cre-

ted using a conventional drill bit with a spherical tip. A smooth recess

urface, closely matching that of the indenter, was then created using

 drill with an indenter as the tip. By introducing abrasive powder into
he recess, this essentially becomes a honing operation that will create a

mooth recess with a topography closely matching that of the indenter.

urthermore, by using a profilometer (optical or contact), the actual

hape of the indent can be accurately captured and this can be used

oth to check on whether the surface finish and overall topography are

cceptable and also to create the FEM mesh that will be used during

terative simulation of the indentation test. Since the depth of the recess

s likely to be of the order of at least several hundred microns, the reso-

ution requirements of the profilometry are relatively undemanding - a

alue of the order of 1 μm is typically sufficient. 

.3. Securing of the indenter and double sample operation 

A potentially important issue, particularly when testing highly creep-

esistant materials, concerns the possibility of inelastic deformation oc-

urring within the housing of the indentation sphere during the test.

his housing is most conveniently made of metal, but this leads to the

ossibility of creep occurring within it close to the indenter, in a similar

ay to that occurring in the sample. This would introduce errors in the

easured displacement-time data. This was eliminated in the current

ork by using two identical samples, both with recesses, located above

nd below a free-standing (ceramic) sphere. Not only does this eliminate

he possibility of errors arising from an unknown contribution to the dis-

lacement from deformation within the housing, but also the magnitude

f the measured displacement is doubled, thus improving the accuracy

f the data. 

.4. Sample preparation 

The results reported here relate to samples of pure nickel, obtained

rom Goodfellows in the form of extruded cylindrical rods of 10 mm

iameter. An optical micrograph is shown in Fig. 1 , where it can be

een that the grain size was around 50–100 μm and the grain structure

as approximately equiaxed. The temperature of all tests was fixed at

50°C. It was confirmed that the degree of oxidation of these samples,

t this temperature, was negligible. 

.5. Uniaxial tensile stress–strain testing 

For uniaxial tensile stress-strain testing, samples were in the form of

ylindrical dog-bone samples, with a gauge section diameter of 3.1 mm

nd a length of 22 mm. Samples were gripped using collets made of

MSX-4. Strain was measured using an MTS 632.54F-14 axial exten-

ometer (clip gauge), with a gauge length of 12 mm. Tensile stress-strain

urves at 750°C were obtained using an Instron LCF testing machine. A

ypical outcome is shown in Fig. 2 , which presents the data as both

ominal stress against nominal (plastic) strain and true stress against
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Fig. 2. Tensile stress-strain curves for the Ni at 750 °C, plotted as both nominal 

stress v. nominal strain and true stress v. true strain (obtained via the analyt- 

ical relationships, assuming that the stress and strain fields remained uniform 

throughout). 
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Fig. 3. Profile across a recess, measured using a contact stylus. 
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rue plastic strain. It can be seen that the yield stress is about 66 MPa,

ith some subsequent work hardening. 

.6. Uniaxial tensile creep testing 

Uniaxial tensile creep testing was carried out using the same ma-

hine, sample dimensions and set-up as for the stress–strain testing. The

nominal) stress levels employed were 35, 45 and 55 MPa. These levels

ere chosen to ensure that they were below the measured yield stress,

o that conventional plasticity did not occur. The target duration for

hese tests was 5 10 4 s (~14 h), although the 55 MPa test was stopped

efore that, since the strain rate had become high and it seemed likely

hat necking and/or rupture was imminent. 

.7. Indentation creep testing 

The indenter used was a sphere of 4 mm diameter, made of Si 3 N 4 

supplier Bearing Warehouse Ltd). The recess in the sample had a depth

f 1.0 mm. It was produced by first using a spherical end drill of di-

meter 4 mm and then using an identical sphere to that used in the

reep testing, attached to the end of a drill bit. SiC polishing powder

~1 μm) was inserted into the recess before this honing operation. This

nsured that the shape of the recess closely matched that of the indenter.

 Taylor Hobson (Talysurf) profilometer (ie a contacting stylus), with a

ide-range inductive gauge and 20 μm radius cone recess tip, was used

o measure the recess profile (assumed to be radially symmetric). The

eight resolution of these scans is about 1 μm. Tilt correction functions

ere applied to the raw data, based on the far-field parts of the scan

eing parallel. A scan to the axis of the recess is shown in Fig. 3 . 

The indentation creep tests were also carried out over a period of

 10 4 s. Constant loads of 0.85 and 1.0 kN were used. FEM simulation

as used to ensure that, with this configuration, and with these loads,

he peak (von Mises) stress created under the indenter was below the

niaxial yield stress. The creep indentation experiments were carried out

sing double sample set-ups of the type described in §2.3. The samples

ere cylinders of diameter 10 mm and thickness 10 mm. An FEM mesh

s shown in Fig. 4 and the von Mises stress field created when a load

f 1 kN is first applied is shown in Fig. 5 . It can be seen that the stress

evels in the sample do not reach the yield stress. The peak value is

bout 50 MPa. It may be noted that, during this type of test, the stress

evels will tend to fall as the indenter penetrates more deeply into the
ample - see below. (This is not necessarily the case during conventional

lastic deformation, when work hardening can cause stress levels below

n indenter to rise as it penetrates more deeply.) 

. FEM model formulation issues 

.1. Constitutive law 

In addition to checking that conventional plastic deformation would

ot occur during indentation tests, FEM simulation of the process was

sed to predict the outcome of the test (penetration–time plot), for given

ombinations of applied load and the set of parameter values in the con-

titutive law used to represent the creep behavior. The expression used

n the current work was the Miller-Norton law, which may be written:

 cr = 

𝐴 𝜎𝑛 𝑡 𝑚 +1 

𝑚 + 1 
exp 

( 

− 𝑄 

𝑅𝑇 

) 

(1) 

n which A is a constant (units of MPa - n s -(m + 1) ), t is the time (s), n is the

tress exponent and m is a dimensionless constant. This law is designed

o capture both primary and secondary regimes of creep (and the transi-

ion between them). This is essential [10] for indentation creep work, in

hich a steady state (purely secondary creep) is never established. Since

nly a single temperature was used in the current work, the exponential

erm was also constant and the symbol C is now used to represent the

roduct of this term and A . 

It should be noted how this equation was employed in order to ob-

ain the increments of strain generated in a given volume element as

t experiences a changing (deviatoric) stress throughout the test. The

quation can be differentiated with respect to time, to give 

̇  𝑐𝑟 = 𝐶 𝜎𝑛 𝑡 𝑚 (2) 

The time can thus be expressed in terms of both strain rate and strain:

 = 

[ 
�̇� 𝑐𝑟 

𝐶 𝜎𝑛 

] 1∕ 𝑚 
= 

[ 
( 1 + 𝑚 ) 𝜀 cr 

𝐶 𝜎𝑛 

] 1∕ ( 1+ 𝑚 ) 
(3)

Eliminating t and rearranging allows the strain rate to be expressed

s a function of the strain: 

̇  𝑐𝑟 = { 𝐶 𝜎𝑛 } 1∕ ( 1+ 𝑚 ) 
[
( 1 + 𝑚 ) 𝜀 cr 

]𝑚 ∕ ( 1+ 𝑚 ) 
(4) 

It is assumed that the cumulative creep strain defines the ‘state’ of

a volume element of) the material, with the instantaneous creep strain

ate determined by the current stress (in the volume element concerned)

nd the prior strain: the creep strain rate can thus be expressed solely

s a function of the creep strain. This is depicted in Fig. 6 and details
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Fig. 4. Initial FEM Mesh for simulation of in- 

dentation, using a recess and a double sample. 

Fig. 5. Predicted von Mises stress field within the sample on application of a 

load of 1 kN to an indenter of radius 2 mm, with a prior spherical recess created 

in the sample, having the same radius as the indenter and a depth of 1 mm. 

o  

t  

A  

t  

o  

t  

c

Fig. 6. Schematic illustration of how the creep strain history of a volume ele- 

ment is assumed to be composed of a series of incremental strains, each depen- 

dent on the creep curve for the stress level concerned and the prior cumulative 

creep strain experienced by the element. 
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f the algorithm are supplied elsewhere [25] . In summary, during each

ime increment, the net displacement of the indenter is found (within

baqus) by monitoring the cumulative creep strain in each element up to

hat point, taking account of the (von Mises) stress in it, using Eq. (4) to

btain the further strain that will arise in it during the time interval and

hen using compatibility conditions to solve and give the overall shape

hange of the domain. 
The procedure for obtaining the “best-fit ” set of values for C, n and m

nvolves systematic migration in parameter space until convergence is

btained, using a “goodness-of-fit ” parameter to characterize the level of

greement between measured and predicted test outcomes (penetration-

ime plots). This is described below. 
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Fig. 7. Experimental data from tensile creep testing with three different (nom- 

inal) stress levels. Both nominal and true creep strains are plotted. Also shown 

are the changing values of the true stress during each of these tests. 

d  

1

4

4

 

a  

e  

t  

i  

o  

f  

o  

e  

s  

a

 

t  

t  

F  

5

4

 

l  

d  

A  

o  

w  

l

8  

s  

c  

t  

t  

t  
A friction coefficient must be specified for the FEM modeling. For

ost of the work described here, the value used was 0.2. A brief exami-

ation of the sensitivity of the outcome to the value of 𝜇 is described in

4.2. 

.2. Model meshing and boundary conditions 

The current work involved FEM simulation of (spherical) creep in-

entation, with prior production of a recess. Both the radial and axial

xtent of the domain, relative to the indenter radius, need to be large

nough to ensure that they do not affect the outcome. (This also needs

o be true for the experimental set-up.) It was confirmed that this was

he case for the domain shown in Fig. 4 , and for the actual samples. For

his case (ie effectively semi-infinite samples), there is no need to match

he mesh to the actual dimensions of the sample and the FEM modeling

utcomes will be applicable to any sample dimensions that satisfy this

ondition. 

.3. Convergence algorithm 

The algorithm used to converge in parameter space on the best fit

ombination of parameter values is the Nelder–Mead simplex search

32] . This was chosen in view of its robustness and adaptability, partic-

larly with respect to noise. The procedure used is based on that of Gao

nd Han [33] , and was built using the Scientific Python and Numeric

ython packages [34 , 35] . Full details are available elsewhere [18] . 

The goodness-of-fit between target and modelled data

displacement-time data) is characterized here via a dimensionless

arameter S red , a “reduced sum of squares of the residuals ”. 

 red = 

𝑁 ∑
𝑖 =1 

(
𝛿𝑖, M 

− 𝛿𝑖, E 
)2 

𝑁𝛿2 
𝑁, E 

(5) 

here 𝛿i ,M 

and 𝛿i ,M 

are respectively the modelled and experimental val-

es of the displacement, at times varying from 0 up to t max (split into

ncrements of Δt and with the counter i varying from 1 to N ). The actual

umber of measured values would commonly run into thousands, but a

ypical value of N would be of the order of 100, so some filtering and

veraging of the raw data was employed. The normalising displacement,

N ,E , is the experimental value at the end of the run ( i = N ). 

This operation could be carried out for just a single run - ie for a sin-

le value of the applied load, P . However, in the current work, two runs

with different values of P ) were carried out, so two 𝛿i ,E datasets were

vailable. For each combination of M-N parameter values (giving a 𝛿i ,M 

ataset for each P ), the S red value was calculated in each case and the

umerical average taken. In this way, equal weighting was given to the

wo runs. Of course, more runs could be included in this operation, al-

hough it is important to note that even a single run creates a wide range

f (changing) stress levels within the sample, up to a level predetermined

y the load P and the penetration ratio of the recess ( 𝛿0,E / R , where R is

he indenter radius). Among the several compromises involved in choice

f the conditions is that of having this ratio large enough to ensure that

he peak stress (for the P concerned) does exceed the yield stress, while

eaving a large enough range of 𝛿i ,E (up to 𝛿i, E = R - ie reaching the

equator ”, which is probably as deep a penetration as would normally

e envisaged). 

As for the corresponding parameter for plasticity [21] , S red is thus a

ositive dimensionless number, with a value that ranges upwards from

 (corresponding to perfect fit). Modeling that captures the material

reep response well should lead to a solution (set of parameter values)

or which S red is relatively low - say, less than 10 − 3 . This effectively

onstitutes a health check on the solution - if, for example, no solution

an be found giving a value smaller than, say, 1%, then this suggests

hat there can only be limited confidence in the inferred set of values.

his could be due to experimental deficiencies and/or an inability to

apture the behavior well with the constitutive law being used. In fact,
uring the work described here, a solution with an S red value well below

0 − 3 was found, representing very good agreement. 

. Test outcomes 

.1. Uniaxial tensile creep results 

The outcomes of tensile creep testing with the 3 different levels of

pplied (nominal) stress are shown in Fig. 7 . It can be seen that these all

xhibited shapes broadly expected of creep strain curves, with those for

he higher stress levels showing what appear to be “tertiary ” regimes of

ncreasing strain rate towards the end of the test - ie at strains of the

rder of 10%. There is also a clear “primary ” regime in all cases, which

or these tests constituted a significant proportion of the test (in terms

f both strain and time). In fact, at least for the two higher stress lev-

ls, there is not really any well-defined “secondary ” regime of constant

train rate. This is actually quite representative of much creep testing,

t least with relatively high stress levels. 

It may be noted at this point that, at least for the 55 MPa test, the

rue stress level started to exceed 60 MPa, and thus became quite close

o the measured yield stress (of about 66 MPa) in the “tertiary ” regime.

or the 45 MPa test, on the other hand, the true stress was still below

0 MPa at the time when the strain rate started to rise. 

.2. Indentation creep results 

The experimental indentation (displacement-time) data for the two

oads employed are shown in Fig. 8 , together with corresponding pre-

ictions for the (best fit) set of Miller–Norton parameter values shown.

lso shown are the final S red values obtained in each case. Convergence

n these best fit values is illustrated by the plots shown in Fig. 9 , in

hich the misfit parameter value is the average of those for the two

oads. It can be seen that convergence was achieved within about 60–

0 iterations. This is broadly typical, although it does depend on the

tarting point in parameter space. A fairly random starting point (which

an be seen by inspection of Fig.9 (b)–(d)), was used in this work. If

here were some prior information available about the likely values of

he parameters, then a starting point could be chosen that was closer

o the “correct ” answer, in which case convergence would be quicker.
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Fig. 8. Comparison between measured and (best-fit) modeled penetration histo- 

ries during indentation with two different applied loads. Also shown are the best 

fit Miller–Norton parameter values and the final values of the misfit parameter 

in each case. 
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he real time required to reach a solution was fairly short, although of

ourse this will depend on the computational power available. 

Information about the sensitivity of the outcome to the value chosen

or the coefficient of friction is provided by the curves in Fig. 10 . A lower

alue gives more frictional sliding, allowing the indenter to penetrate

ore deeply. The fact that differences are observed over the complete

ange of 𝜇 used in the plot indicates that none of the values are high

nough to completely eliminate sliding or low enough to ensure that it

s uninhibited. However, the sensitivity is relatively low and a value of

.2 is considered representative. It might be feasible in future work to

nclude the value of 𝜇 in the set of parameters to be optimized, since it

s not really possible to measure it directly in any other way. 

.3. Tensile creep curves from indentation outcomes 

The main objective is to obtain conventional (tensile) creep data (for

ny selected level of applied stress), at least in primary and secondary

egimes, solely from indentation experiments - in fact, essentially from

 single indentation experiment. All that is required is the best fit set of

iller–Norton parameter values. These can then be used to predict the

utcome of creep testing with any configuration, including, of course,

he simple one of uniaxial tensile testing. In fact, for that case, it’s not

ven necessary to carry out any further FEM modeling, since a tensile

reep test is one in which the stress and strain field tends to remain

omogeneous. (This is not true for compressive creep, when friction

nd barreling tend be significant.) A comparison between the outcome

f a tensile creep experiment and a prediction based on indentation-
ing the two displacement–time plots during indentation, showing the evolution 

ent, C, (c) the time exponent, m and (d) the stress exponent, n. 
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Fig. 10. Modeled penetration histories during indentation with an applied load 

of 1 kN, for several different values of the coefficient of friction. 
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Fig. 11. Comparison between creep strain curves obtained by conventional ten- 

sile testing, with a fixed nominal stress, and those obtained via iterative FEM 

modeling of indentation creep with a constant applied load, using the Miller–

Norton expression in one of two forms. 
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erived values of the Miller–Norton parameters can therefore be made

ia simple manipulation of the Miller-Norton equation. 

The outcome of such an operation can be seen in Fig. 11 , where

he experimental plots of the nominal creep strain as a function of time

from Fig. 7 ) are compared with corresponding predicted plots obtained

sing the indentation-derived Miller–Norton parameter values. Two sets

f these are shown. The first is simply the curve corresponding to Eq. (1) ,

ith the true creep strain obtained in that way converted to a nominal

train and the stress used in the equation being fixed at the nominal

alue. The second is based on the strain rate form of the M-N expression

ie Eq.(2) . This has been implemented by stepping through a series of

ime increments, calculating the latest strain rate by taking into account

he changing value of the true stress. This is how the Miller–Norton

xpression should be used, since both the stress and the strain in it are

rue values. It can be seen that doing this makes a significant difference

o the predicted curves, although in these cases it does not lead to any

ncrease in the overall strain rate with increasing time. (This would tend

o happen at higher strains, depending on the value of n .) 

The most striking feature of Fig. 11 is that the agreement between

onventional tensile creep testing and the indentation-derived outcome

s in general very good, at least within the primary and secondary

egimes. The “tertiary ” regime, which is quite noticeable with the high-

st level of applied stress, is not captured, even by using the Miller–

orton formulation in a way that takes account of the increasing level
f true stress in such tests. It is possible that this discrepancy is due to

he true stress starting to approach the yield stress at the temperature

oncerned. If this happens, then it is expected that the behavior will

ot be captured well using a creep model of this type, and plasticity

haracteristics (including the work hardening rate) are likely to have

n effect. In fact, any analytical formulation, such as the Miller-Norton

aw, is likely to be reliable only within a certain range of (true) stress. 

It is of interest to note the range of stress and strain generated within

n indentation test of this type, since it is clear that creep characteristics

ell outside of these ranges are unlikely to be captured well by such a

est. Fig. 12 shows fields of (von Mises) stress and creep strain within

he sample at the end of the simulation with an applied nominal stress

f 55 MPa. (This is actually after a time of 5 10 4 s, whereas the cor-

esponding tensile creep test was stopped after about 1.8 10 4 s, when

he strain rate was becoming very high.) This case therefore reflects a

elatively severe test, in terms of generating high stresses and strains. It

an immediately be seen, on comparing Fig. 12 (a) with Fig. 5 , that the

tress levels have relaxed somewhat as the indenter has penetrated, and

ll of these stresses are well below the yield stress. It can also be seen

rom Fig. 12 (b) that the creep strains generated within the sample range

p to about 10–15%, which is appropriate for the comparisons shown

n Fig. 11 . 
Fig. 12. Predicted von Mises (a) stress and (b) 

strain fields within the sample 5 10 4 s after ap- 

plication of a load of 1 kN to an indenter of 

radius 2 mm, with a prior spherical recess cre- 

ated in the sample, having the same radius as 

the indenter and a depth of 1 mm. 
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Finally, it can be see in Fig. 12 that there is some “pile-up ” around

he indent, although it is not very pronounced. Of course, during con-

entional plastic deformation, such pile-ups can be quite noticeable, par-

icularly for materials that exhibit little work hardening (allowing large

lastic strains to develop near the pile-up). In general, while there is no

lear analogue during creep deformation to a “work hardening ” effect,

here is a tendency for the stress and strain fields to become more “dif-

used ” than during plastic deformation, such that pile-up (or “sink-in ”)

ffects are likely to be small. 

. Conclusions 

The following conclusions can be drawn from this work: 

a) A procedure is described for iterative FEM simulation of the creep

deformation that takes place during penetration of a spherical inden-

ter into a sample (under constant applied load). The target outcome

is a penetration-time dataset and convergence is obtained via opti-

misation of the set of 3 parameter values in the Miller-Norton creep

law (covering both primary and secondary regimes). 

b) An important part of the procedure is the prior production on the

sample surface of a recess that matches the (spherical) shape of the

indenter. This ensures that the stresses in the sample can be kept be-

low the yield stress throughout the indentation test, so that conven-

tional plasticity (and the associated complications) can be avoided. 

c) Experimental work has involved a single material (pure Ni) at a sin-

gle temperature (750°C). Both conventional uniaxial (tensile) creep

tests, using three values for the applied (nominal) stress, and creep

indentation testing, under a constant applied load, have been car-

ried out. It is recognized that this constitutes a fairly limited dataset

and the results presented are intended mainly to demonstrate the

methodology and to obtain some preliminary indications regarding

its reliability. Good agreement is observed between the strain-time

plots obtained by conventional testing and by using the (Miller-

Norton) creep parameter values inferred via the indentation testing.

The stress exponent obtained in this way has a value of about 2.5. 

d) A final “tertiary ” regime was observed with the higher stress level

tensile tests, which was not captured well in the indentation-derived

Miller-Norton curves. It seems likely that this arose because the true

stress was approaching the yield stress, such that conditions were

outside the regime that could be represented at lower stress levels

by a Miller-Norton law with a single set of parameter values. Indeed,

it may be that some conventional plastic deformation was starting

to take place in the “tertiary ” regime. 

e) Indentation creep plastometry does, of course, require a soft-

ware package in order to infer strain-time curves from experimen-

tal indentation data. Such packages are now starting to become

available for indentation plastometry and are likely to be devel-

oped soon for indentation creep plastometry - for example, see

https://www.plastometrex.com/ . 
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