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Abstract: Creep is one of the main engineering problems facing engineers dealing with high temperature components. These 

components have to be closely monitored, especially after serving 50% of their residual life. For many reason creep engineers 

has to use small material samples for creep assessments of these components. Many small creep test specimen types can be 

manufactured using these small material samples; this include the sup-size uniaxial creep test specimen and the pin loaded 

small creep test specimen. Considering the limitations and the difficulties associated with each testing method is another factor 

often taken in to account before choosing which specimen type can be used. Traditionally many of creep engineers tend to go 

for the sup-size uniaxial creep test specimen, because of it is similarity to the standard creep test specimen. However, this 

specimen type has some limitations; this is include the high possibility of misalignment during the loading application, and this 

is due to the small size of the specimen. The misalignment effect on the test results normally ignored which can lead to 

inaccurate results. This paper will be focusing on the misalignment effect on the sup-size uniaxial creep test specimen, and the 

one-bar and two-bar creep test specimens. Using different values of misalignment the creep results obtained from one-bar and 

two-bar specimens and the sup-size uniaxial creep test specimen will be compared. The P91 steel at 650°C, which is one of the 

high temperature materials, will be used for validation. 
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1. Interdiction 

Creep failure is one of the main problems facing most of 

the aged conventional power generation plants, Oil refineries 

and other industries, where the elevated temperature and the 

high stress levels are the norm in their daily operation [1, 2]. 

Therefore, creep assessment of the old high temperature 

components become vital part in any maintenance and 

evaluation plan [3, 4]. The operating company of those 

conventional power generation plants and Oil refineries are 

always seeking new methods to assess their plants high 

temperature components creep strength accurately and 

efficiently; in order for them to be able to renew their 

operating license from their local government or the 

responsible agency [5, 6]. 

The most common way of determining creep strength of 

any material, is by manufacturing a conventional cylindrical 

uniaxial creep test specimens from this particular material, 

with approximately a gage-length of about 100 mm and 

diameter of about 10mm. This specimen than should be 

tested by applying a tensile loading to both ends under 

elevated temperature, typically about % 30 of the materials 

milting point, until the rupture of the specimen. Normally the 

outcome of this test is displayed as displacement-time curve 

or strain-time curve. These kind of curves than can be used as 

bases to determine the material creep strength. However, in 

many situations the conventional power generation plants 

operating companies and the Oil refineries operating 

companies find themselves in a position, where it is not 

possible for them to manufacture the conventional cylindrical 
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uniaxial creep test specimens out from the tested high 

temperature component without compromising the 

component integrity. For this reason the small specimens 

creep testing techniques has been invented and used to test 

the high temperature components, and to estimate the 

remaining lifetime of these components [2, 3]. 

Small specimens creep testing [7-16] become inevitable 

method of assessing the creep strength of the high 

temperature components. The small specimens creep testing 

requires the removal of small material samples from the 

tested components. These small material samples are used to 

manufacture the small specimens for creep testing [13]. The 

results obtained from these small specimens is used to assess 

the creep strength and the remaining life of these critical 

components. Some of the small creep test specimens are 

loaded by applying a tensile loading to the specimens such as 

(i) the sup-size uniaxial specimen [13, 14] and (ii) the small 

two-bar specimen (TBS) [10] and (iii) the small one-bar 

specimen (OBS) [7, 8]. Some other testing techniques do not 

require applying tensile loading to the specimens such as the 

indention creep test [17] and the small punch creep test [18]. 

Any misalignment during loading may affect the specimen 

deformation and failure time. This paper has a numerical 

investigation using the finite element analyses, to assess the 

effects of the misalignment during loading on creep 

deformation and failure using the pin-loaded small specimens 

(OBS and TBS) and the sup-size uniaxial creep tests 

specimens. 

2. The Sup-Size Uniaxial Creep Test 

Specimen 

 

Figure 1. Positions of small cylindrical specimens in scoop samples (a), 

cylindrical specimens (b) and the sub-size creep test specimen (c). 

This type of specimen can be manufactured from small 

material sample removed from a components surface such as 

a Headers in the power plant. For many years the sub-size 

creep test specimen shown in Figure 1, is used to assess the 

creep strength when there is limitation of the material 

available for creep testing. The specimen deformation and 

failure is very similar to the standard uniaxial creep test 

specimen deformation and failure. The specimen has small 

cylindrical bar which is relatively small, with gauge length 

about (5-12mm) and gauge diameter about (1-3mm). These 

mall dimensions allow the specimen to be constructed from 

very small material samples. Loading the specimen is the 

critical part in this testing technique, as the specimen has 

relatively small gauge length, a small conventional end 

pieces have to be attached (welded) to the specimen ends for 

loading purposes [14]. However, welding the two loading 

ends in the right position with good alignment achieved, is 

not an easy task and requires a complicated welding machine. 

3. The Small Pin-Loaded Creep Test 

Specimens Types 

3.1. Small Two Bar Specimen (TBS) 

The pin-loaded, small two bar specimen (TBS) type [9, 10, 

13], which is shown in Figure 2 and Figure 3, has a simple 

dimensions and geometry. The specimen dimensions are 

defined by Lo, b, d, Di, and k; where Lo is the uniform “bar” 

length, i.e. the distance between the centres of the loading 

pins~(5-13) mm, b is the bar width, d is the specimen 

thickness ~(1-2) mm, b is the uniform “bar” height ~(1-2) 

mm, Di is the diameter of the loading pins ~(1-2.5) mm and k 

is the length of the loading pin supporting end~(4-7) mm. 

The specimen is loaded under high temperature using two 

loading pins, one is to constrain the specimen and the other 

one is to apply the tensile load to the specimen. The 

specimen deformation is recorded throughout the test until 

the rupture of the specimen. Conversion relationships are 

used to convert the specimen deformation and the applied 

load to the corresponding uniaxial stress and strain [13, 14]. 

The small TBS is capable of obtaining the creep strain and 

the creep rupture data [13]. 

 

Figure 2. The two bar specimen (TBS) geometry and dimensions [10]. 
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Figure 3. A photos of the small Two-bar specimen. 

3.2. The Pin-Loaded Small One-Bar Specimen (OBS) 

The pin-loaded small one-bar specimen is loaded using 

four loading pins (OBS), is recently developed and used to 

obtain full creep strain-time curves, using small material 

samples [7, 8]. The OBS shape and dimensions are simple 

(see Figure 4), therefore can be easily manufactured, for 

example, using electrical discharge machine. The specimen 

dimensions are given by Lo, k, R, b and d, where Lo is the 

distance between the centres of the loading and 

concentrating pins~(5-13) mm, K is the supporting material 

behind the loading pins~(2-4) mm, R is the loading pin 

radius ~(1-2.5) mm, b is the bar thickness ~(1-2) mm and d 

is the specimen depth ~(1-2) mm. The specimen is loaded 

using four loading pins, two are used to constrain the 

specimen and the other two are used to apply a tensile 

loaded to the specimen under elevated temperature. The 

loading pins can be attached to the loading machine using 

flexible joint, in order to allow good alignment to be 

achieved during the loading application [7]. The specimen 

deformation (the loading pins displacement) is recorded 

throughout the test until the rupture of the specimen. The 

small OBS is capable of obtaining the creep strain and 

creep rupture data [7, 8]. The main differences between the 

OBS and the TBS are: 

(i). the OBS loaded using four loading pins rather than 

two, therefore the loading pins can be made from 

materials with less creep resistance, this also allow the 

loading pin designer to design the loading pins using 

wide range of materials. 

(ii). in the case of OBS the supporting material behind the 

loading pins, k, can be made shorter than the k for the 

TBS, which mean the OBS. These two advantages of 

the OBS over the TBS, enable the OBS to be made 

from much smaller material samples shown in Figure 

1. 

 

Figure 4. The Pin-loaded small one-bar specimen (OBS) shape and 

dimensions. 

3.3. Data Conversion Method for the OBS and the TBS. 

The creep data of the OBS and the TBS have to be 

converted to the corresponding uniaxial creep data. For 

this reason a conversion relationships have been obtained 

and used to convert the OBS and the TBS creep 

deformation (the load line displacement of the loading 

pin), to the corresponding uniaxial strain [11-14]; also to 

convert the applied load (the tensile load applied to the 

loading pin) to the corresponding uniaxial stress [11-14]. 

Finite element analysis is used to obtain the conversion 

relationships and the conversion factors which are used in 

the conversion relationships. The method which is used to 

obtain the conversion relationships and the conversion 

factors β and η have been detailed and published in [11-

14].  

To determine stress level for the sup-siz uniaxial creep test 

specimen (see Figure 1), the applied load has to be divided 

by the cross section area of the specimen, i.e., 

nom

P
σ =

A

                                         (1) 

Where σnom is the nominal stress in the uniform part of the 

specimen, P is the applied load and A is the cross section area 

of the uniaxial specimen, i.e. 
2

A rπ= . The creep strain,
cε , 

for the sup-size uniaxial specimen can be calculated at any 

given time, by dividing the specimen extension by the 

original length, i.e. 

c 2 1

1

L - L
ε  =

L
                                     (2) 

Where L1 and L2 are the specimen dimensions before and 

after testing. For the TBS and the OBS a Conversion factors 

β and η and conversion relationships i.e. Eqs (3-6) have to be 

used to determine the require loading and to convert the 
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specimens despoilment to strain. The stress for the TBS can 

be calculated using Eq. (3a) 

2
nom

P

bd
σ η=                                      (3) 

and for the OBS the stress can be calculated using Eq. (3b) 

nom

P

bd
σ η=                                      (4) 

where nomσ is the nominal stress in the OBS and the TBS 

bars (equivalent uniaxial stress). η is the stress conversion 

factor for the TBS and the OBS (the tool which is used to 

convert the applied load to the equivalent uniaxial stress), P 

is the applied load to the loading pins. 

Eq. (5), has been used to convert the TBS and the OBS 

minimum creep deformation rates, measured between the 

centres of the loading pins, to the equivalent uniaxial 

minimum creep strain rates, i.e. 

c

o

c

=
L

ε
β
∆ɺ

ɺ                                       (5) 

where ��	
� is the equivalent uniaxial minimum creep strain 

rate, ��	
�  is the TBS and the OBS minimum creep 

deformation rate,	�� is the distance between the centres of 

the two loading pins and	�	is the conversion factor. It is 

worth mentioning that the conversion factors β and η are 

specimen dimensions and geometry dependent therefore 

their numerical values change as the OBS and the TBS 

geometries change. 

During the creep testing of the OBS and the TBS most of 

the specimens dimensions do not change significantly during 

the creep test [14] which mean the conversion factors β and η 

do not change significantly during the test. Therefore, the 

conversion relationship given by Eq. (5) can be rewritten as 

in Eq. (6) 

c

o

c

=
L

ε
β
∆

                                       (6) 

where 
cε  is the equivalent uniaxial creep strain for the OBS 

and the TBS, 
c∆  is the OBS and the TBS creep deformation, 

β is the reference stress parameter and Lo is the length of 

the uniform bar for the OBS and the TBS. Therefore, Eq. (6) 

can be used to convert the entire creep curve for the OBS and 

the TBS [7]. 

4. Specimens Modeling 

The FEA were carried out using the ABAQUS software 

package [19] for the specimens modelling. As the sup-size 

uniaxial specimen has a simple and axisymmetric shape, the 

Axisymmetric Elements have been used to model the 

specimen as shown in the Figure 5 (b). 3D-FE analyses 

were carried out for the OBS and the TBS using meshes 

which consist of 20-noded brick elements. Because of the 

nature of the study, it was necessary to model the entire 

specimens, as shown in Figures 5 (a and c). The boundary 

conditions, i.e. ux=0, uy=0 and uz=0 was applied to the 

constraining side, through the loading pins in one side of 

the specimens. From the other side where the tensile 

loading were applied through the loading pins, the boundary 

conditions were, uY=0 and uz=0. These boundary conditions 

also applied to the reference points in the central of the 

loading pins, which are assumed to be “rigid” in the FE 

model. For the TBS and the OBS Eqs. (3) and Eq. (4) are 

used consecutively to determine the required load, whereas, 

for the sup-size uniaxial specimen Eq. 1 is used to 

determine the loading. 

 

Figure 5. Finite element models and mesh for the TBS (a), the sup-size 

uniaxial specimen (b) and the TBS (c). 

5. Results and Investigation 

5.1. The Affect of the Misalignment on the Specimens 

Minimum Strain Rate (MSR) 

Standard uniaxial creep test specimens where 

manufactured using the P91 steel which is one of that high 

temperature materials and used extensively in the high 

temperature applications; the specimens are all tested at 

650°C. The specimens are creep tested until failure at 

these stress levels of 70, 82, 87, 93 and 100 MPa [12-14]. 

The finite element analyses for the sub-size uniaxial 

specimen and for the OBS and the TBS specimens were 

carried out using the P91 steel at 650°C [12-14]. The 

small specimens were constrained from one end and a 

tensile loading applied to the other end. The load applied 

to all specimens were calculated in order to generate stress 

levels of 70, 82, 87, 93 and 100 MPa in the specimens (in 

the uniform straight part in the middle of the specimens). 

The creep minimum strain rates (MSRs) obtained from the 

FE analyses for all specimens with (0.5, 1, 1.5 mm) of 

misalignment and the corresponding uniaxial experimental 

test results are plotted together in Figures 6-8. It can be 

seen that very good agreement is found between all 

results. The FE results presented in the Figures 6-8 also 

indicate that the small misalignment (0-1.5mm), between 

the two loading holders, have insignificant effect on the 

minimum strain rates (MSR) for the sub-size uniaxial 

creep test specimen and the OBS and the TBS creep test 

specimens. 
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Figure 6. The creep minimum strain rates (MSRs) obtained from the FEA for 

the OBS, TBS and the sub-size uniaxial specimen with 0.5mm misalignment, 

together with the corresponding experimental results obtained from the 

standard uniaxial creep test specimen for P91 at 650°C. 

 

Figure 7. The creep minimum strain rates (MSRs) obtained from the FEA for 

the OBS, TBS and the sub-size uniaxial specimen with 1mm misalignment, 

together with the corresponding experimental results obtained from the 

standard uniaxial creep test specimen for P91 at 650°C. 

 

Figure 8. The creep minimum strain rates (MSRs) obtained from the FEA for 

the OBS, TBS and the sub-size uniaxial specimen with 1.5mm misalignment, 

together with the corresponding experimental results obtained from the 

standard uniaxial creep test specimen for P91 at 650°C. 

5.2. The Effect of the Misalignment on the Specimen’s 

Failure Times (TF) 

In this stage of investigation, the FE analyses were 

performed using the Liu-Murakami creep damage model, 

instead of Norton's model to obtain a full creep strain-time 

curves [7, 13]. The P91 steel material creep constants at 

650°C were used in the FE analyses [7]. The creep constants 

for this material at this temperature were published also in 

[13]. The stress level were constant at 70 MPa for all the 

analyses. The analyses were performed several times for all 

specimen types, with different degree of misalignment, i.e. 

(0.50, 1.00, 1.50 and 2mm). These values of misalignments 

were choosing because it is unlikely in today's modern 

manufacturing and assembling technology to find 

misalignment in the testing and manufacturing machines that 

will exceed these levels. The FE failure times for all 

specimens are compared in Figure 9. The failure times of the 

TBS and OBS is insensitive to this range of misalignment 

values as they always fail at 1004h. This is because the OBS 

and the TBS have a flexible loading fixture during loading, 

i.e, it can rotate during loading to achieve self-alignment. 

However, for the sub-size uniaxial specimen the failure times 

is inversely proportional to the misalignment values as it can 

be seen from Figure 9. 

Figure 9. Shows the effect of misalignment on the failure times obtained 

from the FE analyses for the sub-size uniaxial specimen, OBS and the TBS, 

for P91 steel at 70 MPa and 650°C. 

6. Conclusions 

It is well known fact that the misalignment during tensile 

creep testing using uniaxial specimens has negative effects on 

the test accuracy. However. There isn’t any study previously 

has been conducted to study the effects of the misalignment on 

creep test results using the pin loaded creep test specimens. 

This study has approved that the loading misalignment during 

the tensile creep testing of the OBS, the TBS also the Sup-size 

uniaxial creep test specimens, has negligible effect on the 

creep minimum strain rate (MSR) in the range of misalignment 

between 0-2 mm. However, there is significant effect on the 
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Sup-size uniaxial creep test specimens failure time as result of 

the misalignment in the range of 0-2 mm, during the creep 

testing. This misalignment lead to a premature failure for the 

specimen and the premature failure is proportional the 

misalignment level. On the other hand, the misalignment 

during creep testing has no effect on the failure time of the 

OBS and the TBS. This is because the OBS and the TBS has 

the advantage of the self-aligning during loading. The results 

presented in this paper indicate that the pin loaded small creep 

test specimens I.e., the OBS and TBS, should be used instead 

of the sup-size uniaxial specimen, when it is possible. This is 

to eliminate the effect of the possible misalignment during 

tensile creep loading on the specimens failure time, which will 

ensure accurate creep assessment. 
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