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RESUMEN 
 
The use of pre-cracked small punch creep test specimens (p-SPCT) is analyzed in this paper as an alternative method to 
obtain the Creep Crack Initiation (CCI) time in those cases where there is not enough material to use CT specimens. 
The material selected was an AZ31B magnesium alloy. The geometry of the specimens used was square of 10 × 10 mm 
with a thickness of 0.5 mm. An initial crack-like notch was created in the SPT specimens by means of a laser micro-
cutting technique. Conventional compact specimens (CT-20) have been tested at T=150ºC as a reference for CCI 
determination. The definition of an equivalent load for p-SPCT was seen to be a good methodology, and a l parameter 
was defined to convert the p-SPCT to an equivalent C(T) load that produces the same CCI time. The influence of 
temperature and material on the l parameter must be investigated. 
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1.  INTRODUCCIÓN 
 
In order to assess the reliability of components 
continually exposed to high temperatures, such as those 
working in power generation plants, accurate methods 
to predict the time for Creep Crack Initiation (CCI) and 
the rate of the Creep Crack Growth (CCG) are required. 
 
In this sense, creep crack initiation and early growth 
constitute the most important part of the life under creep 
conditions. However, this initial stage of the creep 
process shows large fluctuation of the crack incubation 
time and growth of small cracks. These fluctuations are 
mainly caused by the randomness in the grain size and 
due to differences in local stress and local resistance to 
failure [1-2]. It is common practice to predict crack 
initiation in terms of creep damage accumulation in a 
process zone ahead of the crack tip. Other commonly 
used approach for creep crack initiation is based on the 
attainment of a critical crack opening displacement.  
 
For creep-ductile materials substantial creep 
deformation accompanies the onset of fracture, and 
stress redistribution will occur at the crack tip that 
makes K not adequate to describe the local stress field at 
the crack tip. In those cases, the use of C* integral has 
been widely used as a parameter for correlating CCG 
under steady-state creep conditions [3]. 
 
According to ASTM E-1457 Standard Test Method for 
measurement of Creep Crack Initiation and Creep Crack 
Growth in metals [4], the recommended specimen is the 

standard compact tension specimen C(T) with B/W=0.5 
and pin loaded in tension under constant loading 
conditions. Side-grooved specimens are recommended 
to assure uniform crack extension across the thickness 
of the specimen [5]. The equation to obtain C* from 
C(T) specimens are well known and perfectly 
established. 
 
Nevertheless, the use of geometries other than C(T) are 
allowed provided the calibration functions for K, J or 
C*(t) are available. In any case, data for other 
geometries must be compared to data obtained from 
C(T) specimens, that is usually considered as the 
reference geometry. 
 
On the other hand, the small punch test (SPT) is a 
relatively new technique that has been proven useful to 
obtain the mechanical and fracture properties of metallic 
materials [6-7], in those cases where there is not enough 
material for conducting conventional tests. It has also 
been shown to be useful for the determination of creep 
properties [8-12]. Creep tests on a small scale have the 
potential to be used without significant loss of material 
or in areas where the available material is limited.  
 
In this paper, the use of precracked miniature specimens 
is discussed in order to validate the Small Punch Creep 
Tests on pre-notched specimens (p-SPT) as an 
alternative creep crack initiation testing practice 
applicable in those cases where there is not enough 
material for the realization of conventional tests, such as 
the C(T) reference test.  

Anales de Mecánica de la Fractura (Vol. 33)

82



Then, the proposed approach involves to establish a 
correlation between the p-SPT and the C(T) standard 
tests, so that the load applied in p-SPT creep test can be 
converted into an equivalent C(T) load. Consequently, 
the objective is not to calculate the C*(t) value for the 
miniaturized specimens, but to use the C*(t) well-
known equations for C(T) specimens, using an 
equivalent load obtained from p-SPT tests. 
 
2.  MATERIAL DATA 

 
The material considered in this work is an AZ31-B 
magnesium alloy. It has a poor creep resistance at 
temperatures above 125°C. The chemical composition is 
of this alloy is presented in Table 1. Moreover, the 
mechanical properties of the alloy at a temperature of 
T=150ºC is summarized in Table 2.  
 
Table 1. Chemical composition of AZ31-B Mg-alloy 
(ASTM B90/B90M), % weight. 
 

Al Zn Mn Si Cu 
2.5-3.5 0.6-1.4 0.2 0.1 0.05 

Ca Fe Ni others Mg 
0.04 0.005 0.005 0.3 balance 

 
Table 2. Mechanical properties of AZ31-B Mg-alloy. 
 

Sy (0.2%) Su (MPa)  E (MPa) A (%) 
129 MPa 185  30200 0.33 

 

The microstructure of the as-received material AZ31-B 
alloy is shown in Figure 1. After polishing, specimens 
were etched using a solution of acetic-picral (l00 ml of 
ethanol, 5 gr of picric acid, 5 ml of acid acetic and 10 
ml of water) to reveal second phases, twins and grain 
boundaries. The microstructure of the alloy consists of a 
matrix of α-Mg with fine particles that are 
homogeneously distributed. The fine particles were 
identified as  phase by X-ray diffraction 
technique (XRD).  
 

 
Figure 1. Microstructure of AZ31B Mg-alloy 

 

3.  CREEP CRACK INITIATION TESTING 
 
3.1. Creep crack initiation testing on C(T) specimens 
 
For creep crack growth testing the standard compact 
tension specimen C(T)-20, pin loaded in tension under a 
constant load was selected. The geometry and main 
dimensions of the C(T) specimen is shown in Figure 2. 
The specimens were side-grooved to promote uniform 
crack growth across the thickness.  

 
Figure 2. Compact tension C(T), ASTM E1457-00 

 
In common practices for creep crack initiation and creep 
crack growth testing two different methods to provide 
the crack starter are used: (a) fatigue pre-cracking, and 
(b) use of an electric-discharge machined notch. 
Although the influence of the crack starter type on the 
creep crack growth progress can be disregarded, it is an 
important factor for the evaluation of the creep crack 
initiation time. In this paper, the fatigue pre-cracking 
method was used on compact C(T) specimens at room 
temperature, to obtain an initial crack between 

. The crack front obtained after pre-
cracking, presented in Figure 3, shows a uniform crack 
along the thickness of the specimen. The maximum 
force during fatigue pre-cracking was less than 60% of 
the load used during creep crack growth testing. 
 
In order to obtain the required crack length during the 
test, the partial unloading compliance method was used. 
During the test, the crack size and the load-line 
displacement versus time were recorded. Finally, the 
final crack length reached after the creep test the 
specimen was marked applying fatigue cycles at room 
temperature until complete fracture. The final crack 
front is then clearly identified in the specimen, as can be 
seen in the aforementioned Figure 3. 
 

 
Figure 3. Aspect of creep-crack-growth in a C(T) 

specimen. 
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Figure 4 (a) shows the typical curve load-line 
displacement (LLD) versus time on the C(T) specimens. 
The curve corresponds to a C(T) specimen of the 
AZ31B material loaded with 5P kN=  at a temperature 

150ºT C= . In Figure 4 (b) the crack extension versus 
time obtained in the same test is presented.  
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Figure 4. Load-Line Displacement vs. time (upper) and 

Crack Size vs. time (lower) for a C(T) specimen of 
AZ31 alloy at 150ºC. 

 
In order to analyze the creep crack initiation 
mechanisms, some specimens have been interrupted at 
the moment where crack initiation was detected, as can 
be observed in Figure 5. After the initial blunting an 
small crack is visible and is considered as the initial 
crack size. A typical ductile micromechanism of 
microvoids nucleation and growth takes place in the 
process zone ahead the blunted precrack, giving rise to 
the initiation of the crack. After that, the growth of 
voids and tearing of the ligaments between voids is the 
main crack growth mechanism.  
 
The creep crack initiation time it  can be defined by a 
technical creep crack initiation length. A typical value 
of 0.5ia mm∆ =  is common for C(T) specimens [1]. 
The definition of a fixed crack length at initiation is 
advantageous to avoid the influence of spurious factors 

not related to crack advance. The creep crack initiation 
time for a value of 0.5ia mm∆ =  is defined as 0.5t . 
 

 
 

 
 

Figure 5. Creep Crack initiation in a AZ31B CT 
specimen at 150ºC 

 
2.3. Creep crack initiation testing on p-SPT specimens 
 
An initial block of 10x10x20mm was extracted from a 
25 mm thick rolled plate. Using a laser microcutting 
technique [13], a crack like notch was longitudinally 
machined, as it is shown in Figure 6 and after that, small 
samples of 10x10x1 mm were extracted. Finally, the p-
SPT specimens were polished with SiC papers on both 
sides up to a 1200 grit final finish. The final thickness 
dimension obtained in each specimen was controlled 
within an accuracy of 0.5 0.01mm± . 
 
The small punch creep tests have been conducted in air, 
using a device inserted into a tubular furnace provided 
with two temperature control zones and a variability for 
temperature of 1º C± . The test temperature was 150ºC. 
A dead weight was used to apply a constant load to the 
specimen. The displacement of the punch was measured 
using a COD extensometer with a precision of 1 µm. 
The experimental setup for small punch creep testing is 
presented in Figure 7. 
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Figure 6. p-SPT specimen dimensions and machined 
laser notch 

 

 
 

Figure 7. Experimental setup for Small Punch Creep 
Testing 

 
Figure 8 presents typical curves obtained in small punch 
creep tests performed on precracked specimens. The 
punch displacement versus time is recorded during the 
test until the fracture of the specimen. The punch 
displacement rate is then obtained as / tδ δ= ∆ ∆ . 
Three zones can be clearly identified, that represent the 
primary, secondary and tertiary creep material 
behaviour, which show the crack tip blunting, crack 
initiation and crack propagation phases. 
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Figure 8. Typical Punch displacement curve vs. time 

for a p-SPT specimen. 
 
In a first analysis, there are no evidences in the shape of 
the curve, like a sudden displacement increase at which 
fracture initiation occurs. In a first approach, it can be 
assumed that, like occurs in a conventional creep SPT 
[6,12], the onset of fracture (microvoids coalescence) 
initiates at a time where the minimum punch 
displacement rate is reached. In order to corroborate this 
assumption, some tests have been stopped at this 
particular time.  
 
Figure 9 shows several micrographs taken in a test that 
has been interrupted when the minimum creep punch 
displacement rate has been lightly surpassed, the punch 
displacement rate started to increase afterwards. It can 
be clearly observed that crack propagation has started 
by tear in the precrack tip of the specimen. Creep 
initiation micromechanisms are similar to those 
observed in the C(T) specimens: after tip precrack 
blunting, the crack initiates in a ductile way. 
 

 
 
 
 
 
 

 
 

Figure 9. Crack initiation by creep on p-SPT specimens 
of AZ31 Mg alloy. 
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As a result of this analysis, it can be postulated that the 
crack initiation on p-SPT can be assumed to take place 
at the time where the minimum creep punch 
displacement rate has been reached 
 
4.  RESULTS 
 
In order to compare the Creep Crack Initiation values, 
using both geometries (CT and p-SPCT), the 
experimental program presented in Table 3 has been 
undertaken. Initially, a test temperature of 150ºC has 
been selected, for both conventional creep test on C(T) 
specimens and small creep tests on p-SPT ones. 
 
As it was explained before, for C(T) specimens, the 
creep crack initiation time ti  can be defined based on a 
technical creep crack initiation length. In this research, a 
value of ∆ai  = 0.5 mm has been used [2].  
 
Moreover, for p-SPCT, the creep crack initiation time ti 
was found at the time where the minimum creep strain 
rate was reached. Interrupted tests were carried out to 
assure this assumption.  
 
In the same Table 3, for both geometries, the values of 
the applied loads on C(T) specimens, referred as CTP , 
and the loads used on the p-SPCT specimens, referred 
as pSPTP , were collected.  
 
Table 3. Experimental program and creep crack 
initiation (CCI) time results. 
 

Specimen 
 

Temp 
(ºC) 

Load 
(kN) 

CCI time 
(h) 

C(T)-20 #01 150 4.0 65.56 
C(T)-20 #02 150 4.0 62.50 
C(T)-20 #03 150 4.0 83.33 
C(T)-20 #04 150 5.0 21.39 
C(T)-20 #05 150 5.0 25.83 
C(T)-20 #06 150 5.0 25.00 
C(T)-20 #07 150 6.0 7.64 
C(T)-20 #08 150 6.0 5.83 
C(T)-20 #09 150 6.0 5.69 
C(T)-20 #10 150 8.0 0.52 
p-SPT #01 150 0.10 64.43 
p-SPT #02 150 0.12 33.99 
p-SPT #03 150 0.14 8.67 
p-SPT #04 150 0.16 4.45 

 
 
5.  ANALYSIS AND DICUSSION 
 
In order to make a comparison between a defined 
conventional test (e.g. creep tensile test) and the SPT is 
common practice to obtain and equivalent load for SPT 
that produces the same effect on the conventional 
specimen. In this research a similar approach was 
defined between the C (T) specimen and the p-SPT 
specimen for creep crack initiation analysis.  
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Figure 10. Experimental results of the CCI time for 
C(T) specimens 

Time for minimum displacement rate, t (h)

1 10 100 1000

Lo
ad

 a
pp

lie
d,

 P
p-

SP
T  (k

N
)

0,00

0,04

0,08

0,12

0,16

0,20
Specimens = p-SPCT

T=150ºC 

Pp-SPT = - 0.021·ln(t)+0.1911
R2=0.9774

 
 

Figure 11. Experimental results of the CCI time for p-
SPCT 

 
 
An equivalent load for p-SPT has been defined 
( eq

pSPT CTP P→ ) to convert the applied load in the p-SPT 
sample to an equivalent C(T) load, that produces the 
same CCI time in both creep tests.  
 
As can be observed in the Figures 10 and 11, taken from 
the results of Table 2, a linear regression in log-t scale 
can be assumed in both tests. The bet fit was obtained 
using the following equations: 
 

( ) 0.809·ln( ) 7.496 (1)

( ) 0.021·ln( ) 0.191 (2)

CT
i

pSPT
i

P kN t

P kN t

= − +

= − +
                
Comparing both equations, a relationship between the 
loads applied in both tests can be obtained: 
 

[ ]
( ) 0.021·ln( ) 0.191

0.0253 0.809·ln( ) 7.496 (3)

· ( , )

pSPT
i

i

CT

P kN t
t

P t hoursl

= − + =

= ⋅ − + =

=
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As a results, the load applied in the p-SPT, pSPTP , can 
be converted into an equivalent C(T) load, eq

CTP , that 
produces the same CCI time: 
 

(4)
0.0253eq

pSPT pSPT
pSPT CT P PP P

l
→ = =

 
A value of 0.0253l =  or 1 39.5l − =  was obtained for 
this particular material and test temperature. 
 
Figure 12 shows the results of the CCI time for all the 
tests of the experimental program conducted at 
T=150ºC. As can be observed, the CCI time can be 
predicted with a high accuracy using the p-SPCT results 
(converted to equivalent CT specimens). However, the 
influence of test temperature and material on the l 
parameter must be studied in order to extent the 
applicability of the exposed methodology. 
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Figure 12. Experimental results of the CCI time for 
C(T) and p-SPCT 

 
 
6.  CONCLUSIONS 

 
The p-SPCT can be used to obtain the Creep Crack 
Initiation time in those cases where there is not enough 
material for conducting conventional C(T) test. The 
definition of an equivalent load for p-SPCT was 
demonstrated to be a good methodology, and a unique l 
parameter was defined to correlate both tests. The effect 
of test temperature and material on the l parameter 
must be investigated in order to spread the applicability 
of the exposed procedure to other situations. 
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