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Creep at high temperature leads to gradual deformation under constant loads. In this
paper, a comparative study of the fatigue effect of stainless steel and low carbon steel
was made, whereby each sample had a constant weight of 24 kg and the experiments on
elongation were performed at temperatures 660°C, 700°C, and 740°C at a constant time
of 10 minutes for each experiment. It was found that the highest elongation rate found to
be 0.76% for stainless steel metal at a temperature of 740°C. On the other hand, the
amount of elongation for low-carbon steel metal at the same temperature found to be

1.9%. This difference in the amount of elongation observed due to the difference in the
microstructure of the two metals. The hardness test showed that the maximum value for
stainless steel specimens found to be 225 BHN at 660°C, while for low carbon steel
specimens 106BHN at 660°C.

1. INTRODUCTION

At high temperatures, failures due to creep, fatigue, and
fracture are an assuming issue in the safety of modern
production industries [1]. To perform the test at constant
temperature is important to observe accurate account of the
beginning of plastic deformation and the early stages of work
hardening. On the other hand, the creep test is particularly
suited to investigate the steady state of deformation, which
allows the study of material response to a sudden change in
deformation conditions, for example, a change in stress, in a
simple and convenient way. It is the only test to study long-
term plastic deformation at extremely low rates [2].

The failure of material due to creep distortion cannot be
neglected, but it can be controlled by proper system design [3].

Several rate proceeding mechanisms for the creep
deformation of materials, such as lattice diffusion, grain
boundary diffusion, grain boundary sliding, grain boundary
flow, and dislocation creep were tested over a range of stresses
and temperatures [4].

Al-Warmizyari et al. [5] worked on the creep strength of the
austenitic stainless steel throughout creep behaviour and
damage accumulation in metal microstructure, and the results
of the work were compared with the result data of non-
serviced samples of the same metal type and dimensions.

Nassour et al. [6] investigated the creep behavior of
austenitic stainless steel weld metals. AISI 316L stainless steel
base plates were welded together using the submerged arc
welding process. The tests were carried out on the welds at
constant load, over a stress range of 100 MPa-400 MPa, and
in the temperature range of 600°C-700°C.

Yamaguchi et al. [7] studied uniaxial tensile and creep
properties at elevated temperature for analysis and creep
failure stress. Stress strain curves and creep deformation
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properties were obtained for low-alloy steel, austenitic
stainless steel, and nickel-based alloys that were used in lower
head of reactors pressure vessels including control rods and
stub tubes.

The aim of this work is to show the benefits and drawbacks
of IC testing over uniaxial creep testing in order to determine
its usefulness as a test method. Materials under high creep
temperatures causes damage function due to cavity nucleation
and cavity growth which leads to fatigue and creep
combination for stainless steel.

2. EXPERIMENTAL PROCEDURE

Both stainless steel metal and low-carbon steel were
selected for this study. The chemical compositions of both
metals are illustrated in Tables 1 and 2, respectively.

1- The samples were cut based on ISO 527-2 standard. The
dimensions of two types of samples were the same with
thickness of 4 mm and 24 samples were used in the research.
The cutting operation was done using mechanical shearer
machine. All the dimensions are shown in Figure 1 [8].

2- The fatigue test device was manufactured locally,
according to the specifications mentioned in Figure 3.

3- The specimens were clamped between the jaws of
machine with a bolt and nut (M8*1) made from stainless steel
to resist the applied heat from the electric heater. The sample
was fixed well to the two jaws, whatever one of it’s side was
fixed and the other was moveable.

This process is shown in Figure 2. The sample was placed
inside an electric oven with a thermocouple to control the
temperature as it rose to the required degree.

4- The selected weight of 24 [kg] was installed in its
position on the machine. The machine parts and the applied
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load are shown in Figure 3.

Table 1. Chemical composition of stainless steel

Weight %
C Mn Si P S Cr  Fe (Rest)
009 1.0 1.0 0.04 004 115 86.33

Table 2. Chemical composition of low-carbon steel

Weight %
C Mn Si Ni Cu Fe(Rest)
005 06 0.06 05 0.5 98.29

The following steps were used to arrange the specimens:

Figure 1. Final dimensions of stainless steel and low-carbon
steel samples (all units in mm)
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Figure 3. Parts and loading weight in the system

5- The device was calibrated by zeroing the dial gauge to
measure the elongation of specimens.

6- Specimens were heated at 660°C, 700°C, and 740°C, and
the temperature was measured by infrared thermometer.

7- The test period time was measured with a time, whereby
there was fixed time of 10 minutes for each test.

8- Operating system and the approximate temperature were
determined according to the following formula:
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Metal approximate creep temperature

Tapproximate:0~4Tm ( 1 )

where, Tr, is the absolute temperature of the metal [9].

3. RESULTS AND DISCUSSION

The time-elongation curves obtained from the experiment
are illustrated in Figures 4-9. The figure show that the stresses
were sustained for short time creep periods at different
temperatures with different degrees of plastic deformation.
During a short period of time of 10 minutes per sample in the
tests, the temperature was raised until the required temperature
was reached for each sample.
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Figure 4. Relationship between elongation and applied load
for stainless steel at 660°C
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Figure 5. Relationship between elongation and applied load
for stainless steel at 700°C

30
25

20
15
10

N

K 2
0

Load (mm)

0.6 0.8 1 1.2

Elongation (mm)

1.4 1.6

Figure 6. Relationship between elongation and applied load
for stainless steel at 740°C
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Figure 7. Relationship between elongation and applied load
for low carbon steel at 660°C
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Figure 8. Relationship between elongation and applied load
for low carbon steel at 700°C
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Figure 9. Relationship between elongation and applied load
for low carbon steel at 740°C

As for the creep tests of stainless steel (ASTM A276-03)
samples, it was observed through the graph shown in Figure 4
that the elongation amounted to 0.76 mm at a load of 24 kg at
a temperature of 660°C and 700°C. This was also proven by
recent study [10] which demonstrated that the maximum heat
value was generated for the stainless steel specimens with the
aforementioned mechanical properties.

For the sample shown in Figure 5, the elongation amount
was 1.32 mm for stainless steel at 700°C. As for Figure 6,
when the temperature was raised to 740°C, the elongation
amounted to 1.47 mm for stainless steel [11].

Figure 7 shows the graphic relationship between the applied
weight and amount of elongation by fixing the time to 10
minutes for low-carbon steel for each test. When the
temperature and weight were fixed at 660°C and 24 kg (the
maximum applied load), respectively, the elongation
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amounted to 0.81 mm, when compared with the sample in the
graphic relationship shown in Figure 8, the elongation
measured was 0.9 mm at a temperature of 700°C, which was
also obtained in the graph of Figure 9, in which the rise in the
temperature of sample to 740°C resulted in the elongation
amount of 1.9 mm. This was the maximum value obtained in
the tests [12].

For the sample shown in Figure 10 the graphic relationship
between temperature and elongation with Brinell hardness
number for stainless steel specimen by fixing time 10 minutes.

Note from the figure the relation between hardness and
elongation is inverse relationship, as the lower hardness value,
due to the difference in the brittleness of the metal, where at
temperature of 600°C, the elongation value (0.76) of the
hardness reached maximum (225BHN), While for the
elongation value (1.47) the hardness number obtained
(199BHN), and that was proved by Brnic et al. [13].
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Figure 10. Relationship between temperature and elongation
and Brinell hardness (BHN) for stainless steel

For the sample shown in Figure 11 the graphic relationship
between temperature and elongation with Brinell hardness
number for low carbon steel specimen by fixing time 10
minutes, note from the figure the relation between hardness
and elongation is inverse relationship As the lower the
hardness value, due to the difference in the brittleness of the
metal, where at temperature of 600°C, the elongation value
(0.81) of the hardness reached maximum (106BHN), While
for the elongation value (1.9) the hardness number obtained

(87BHN), and that was proved by Wichienrak and

Puajindanetr [14] and Ahmad et al. [15].
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Figure 11. Relationship between temperature and elongation
and Brinell hardness (BHN) for low carbon steel



By depending on heat equilibrium diagram [16], it was note
that when specimens heated to (660-723) °C for low carbon
steel, the (Ferrite + Perlite) phase was appear, the (alpha)
ferrite is ductile phase therefore it has low hardness.
Meanwhile, the (alpha + gama) phase appear at temperature
740°C, which is the ratio of the alpha phase dominates the
gamma phase because it is close to the alpha zone, and, at this
temperature the size of the particles is larger, therefore it is
characterized by greater ductility and lower hardness. As for
the martensitic stainless steel, the martensite phase (cementite
+ ferrite) which contains cementite needles, which are by
nature hard and needle-shaped, and have a lower ductility due
to the phase shift from (cementite + ferrite + perlite), due to
the (austenite + ferrite) phase, which led to decrease in the
hardness value with increase in the ductility [17]. From the
obtained results, it was concluded that the temperature and
load have a direct relationship in the two samples for short
time creep test. Comparing the samples of low-carbon steel
and stainless steel shows that the amount of elongation of each
was close due to the fixation of time of 10 minutes for each
test. This difference in elongation between the two samples
due to the different chemical compositions and durability. The
main difference between this research and the rest of the other
research is that the short time period for shedding weight to
show the amount of elongation is very short compared to the
rest of the research, which needs long periods of time (more
than 10 minutes).

4. CONCLUSIONS

Tests had been proved that the increasing the creep
temperature caused increase in the elongation also, with
constant time and load. This was intended that the relationship
was proportion directly between these two parameters.

Respect to the applying constant load Any further increase
caused increasing in the elongation with the variable creep
temperatures. Regarding the hardness parameter, the increase
in creep temperature caused decreasing Brinell Hardness
values. In addition, the Brinell hardness value proportion
inversely with the elongation values.
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