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ABSTRACT 

In this work, Fatigue tests have been performed to investigate the 
fatigue damage process for two kinds ofplain carbon steels, (low 
and high carbon steels) . The effect of pre-strain process on fatigue 
crack initiation and fatigue strength has been examined. The main 
results obtained are summarized as follows: (1) In the case of low 
carbon steel (0.15%C) , the fatigue limit of ~ ~ ' 0 %  (non-pre-strained 
specimen) is higher than or equal to those of ~,=2% and %=5% pre- 
strained specimens and lower than that of &,=8% pre-strained 
specimens. (2) In the case of high carbon steel (0.46%C), the 
fatigue limit of ~ ~ ' 0 %  (non-pre-strained specimen) is higher than 
those of cp=2%, 5% and 8% pre-strained specimens . (3) Though 
the fatigue limits of pre-strained specimens are lower than those of 
non-pre-strained specimen , the fatigue limits increase according to 
the increasing of pre-strain percentage for both of tested material. 

Most of plain carbon steels are practically used after plastic 
deformation caused by tensile or bending process . It will be 
consider that it is very important to investigate the effect of pre- 
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from the crack of pearlite block and the plastic slip between ferrite 
grain and pearlite block which appeared after pre-straining process. 

Finally, it seems to be clear that the fatigue crack initiation is highly 
affected by the wkak field of plastic slip which appeared in pearlite 
block after pre-straining. 

From this study, the following conclusions may be drawn : 

1. In the case of tensile test, the plastic slip is generated in the 
boundary area between ferrite ga in  and pearlite block by total 
strain of 5% for material A (low carbon steel), and the cracks are 
observed in pearlite block by the total strain of 4.8% for material 
B (high carbon steel). 

2. In the case of material A, the fatigue limit of pre-strained zy=2% 
is lower than that of sp=O% On the other hand, the fatigue limit 
of pre-strained zp=5% IS equal to that of cp=O%, and the fatigue 
limit of pre-strained ~ ~ ' 8 %  is higher than that of zp=O%. 

3. In the case of inaterial B, the fatigue limit of non-pre-strained 
zp=O% is higher than those of pre-strained s,=2.5% and 8%, 
respectively. 

4. The fatigue limit of pre-strained specimen is lower than the non- 
pre-strained ones, and the fatigue limit increases due to the 
increasing of pre-strain for both of tested materials. 
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strain process to fatigue properties. Unil now, researches about 
static tensile and fatigue test for non-pre-strained specimen have 
been reported, but the research for pre-strained specimen is limited 
[I-61. Low and high carbon steels (0.15% C and 0.46%C) have 
been used in this work . In the case of low carbon steel, after 
tensile test, it has been observed that the plastic sliding is generated 
in the boundary area between ferrite grain andpearlite block by 
total strain of ~,=5% without crack initiation. On contrary, for high 
carbon steel, after tensile test, cracks are initiated in pearlite block 
by total strain of ~,=4.80/6 [7]. 

Therefore, it is interesting to investigate the influence of pre-strain 
on fatigue properties such as fatigue crack initiation, and to study 
the behaviour of plastic slip and micro-cracks which initiated by 
tensile test. 

2.MATERIALS AND EXPERIMENTAL PROCEDURE 

The chemical composition and mechanical properties of tested 
material are shown in tables (1) and (2) , respectively. Furthermore, 
material grain size was unified by annealing at 900°C for 2 hrs (for 
0.15%C carbon steel), and 990°C for 2 hrs (2 times) (for 0.46%C 
carbon steel) the mechanical properties were evaluated in the 
rolling direction. 

The specimens from the material were cut out and were machined 
in the rolling direction concerning with the partial notch at the 
rolling surface as shown in Fig.(l). 

The specimens were soaked at 600°C for lhr, next cooling to room 
temperature for stress relief annealing, then the specimens were 
polished by mechanical polishing, finally were etched. . 

-The pre-strain was given to specimen using a universal testing 
machine. The fatigue tested specimens were machined from the pre- 
strained specimens to the shape and dimensi0ns.a~ shown in Fig.(l). 
On contrary, fatigue test was carried out at room temperature using 
rotating bending fatigue testing machine at speed of 2880 R.PM. 
Fatigue micro-cracks were observed by successive taken replica 
method on the circumferencial direction of the specimen surface. 
:The taken replicas of the specimens werk examined using 



metallurgical microscope and scanning electron microscope, SEM 
(Jeol Ts-20 Japan). 

Table (1) : Chemical composition %wt 

o, : Tensile strength cr, :Yield strength 
w : Reduction of area 

A.C : Air cooling F.C :Furnace cooling 

Material 
A 
B 

Table (2) : Mechanical properties 

3.RESULTS AND DISCUSSION 

Material 

A 
B 

The stress-strain curves of both tested materials are shown in 
Fig.(2). The changes of surface state during static tensile test 
process for both materials 0.15%C (material A) and 0.46%C 
(material B) are shown in Fig. (3). The plastic slip is generated in 
the boundary area between ferrite grain and pearlite block by total 
strain of 5% for material A, while the cracks generating are 
observed in the pearlite block by total strain of 4.8% for material B. 

C 
0.15 
0.46 

The changes of surface state of the pre-strained specimen are 
significant at about ~,=5%. It is reasonable to choose this level pre- 
strain to investigate the effect of pre-strain process to the fatigue 
properties. In addition, pre-strained ~ , = 2 %  and $=8% specimens 
are also employed in order to represent the lower and higher pre- 
strain cases. 

;! . 

The S-N curves of both materials A and B are shown in Figs. (4) 
and (5). From the curves. it is concluded that, the fatigue limits of 
mater~al A (0.1 5%C) reached by 1 X I  0' cycles at pre-strain E~=O, 2, 
5 and 8% are 205, 200. 205 and 220 MP,,, while the fatigue limits of 

Si 
0.22 
0.20 

. . 

. . . J . . 

Heat treatment 

900°C 2hrs -+ A.C. . 
990°C 2hrs +F.C.(2 times) 

Mechanical properties 

Mn 
0.55 
0.73 

0" 

MPa 
440 
632 

P 
0.034 
0.029 

0~ 
MPa 
283 
360 

V 
% 

70.8 
53.8 

S 
0.025 
0.017 

Al 
---- 

0.018 



material B (0.46%C) reached by 1x10~ cycles at -zp=O, 2,5 and 8% 
are 250,215,235 and 245 MP,, respectively. 

The comparison of the fatigue limits of pre-strained specimens to 
the non-pre-strained one is shown in Fig. (6). It is remarked that, (1) 
for material A, the fatigue limit of cP=2% pre-strained specimen is 
lower than that of the non-prestrained specimen (cp=O%)by 2.4%, 
while the fatigue limit of sp=5% is equal to the fatigue limit of q,=O 
(non-prestrained specimen), and on contrary, the fatigue limit of 
~ 8 %  is higher than that of the [E~=O%] by 7.3% , (2) for material 
B (0.46%C), the fatigue limit of the non-pre-strained specimen is 
higher than that of the pre-strained specimens, especially for 
materia1 B, the fatigue limit of c,,=2% is lower than that of ~ ~ ' 0 %  
by 35 MP,. Though the fatigue limit of pre-strained specimens are 
lower than that of the non-pre-strained one, the fatigue limit of pre- 
strained specimens increases due to the increasing of pre-strain for 
both kinds of material. 

The improvement of fatigue limit have been reported in a previous 
researches [l-41. But in this study, the fatigue limit of pre-strained 
specimen for high carbon steel, such as material B (0.46%C) 
become worse than that of non-pre-strained. This can be attributed 
to the crack initiation and plastic slip which appeared after static 
tension (pre-strain). 

Fatigue micro-cracks have been observed by successive application 
of taken replica technique on the circumferencial direction of the 
specimens for material A and material B, as shown in Figs. (7), and 
(8). Further details of the fatigue cracks initiation in Fig. (8) are 
shown in Figs. (9) and (1 0) by SEM observation. 

For material A (0.15%C) Fig (7), the cracks in sP=2% specimen 
initiate from the plastic slip of ferrite transcrystalline and 
intercrystalline which appeared after pre-straining process. The 
cracks in sP=5 and 8% specimens initiate from the plastic slip 
between ferrite grain and pearlite block which appeared after pre- 
straining process. For material B (0.46%C) [Figs. (8), (9) and (lo)], 
the cracks in cp=2% specimen initiate from the plastic slip between 
ferrite grain and pearlite block which appeared after pre-straining 
process. Further the cracks of ~,=5% and 8% specimens initiate 
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Fig. 1 Shape and dimensions of specimen. mm. 
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Fig. 2 Strcss-strain c u ~ ~ c s .  
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Fig. 3 Changes of surface state during pre-strain process. 
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Fig. 4 S-Ncunes of material A (O.l5'%/uC). 



m 

300 
m 

b 
0, 
T 
2 
.Z 250 - 

w 
w 

ZOO 
U 
w 

Number o f  cycles t o  f a i l u r e  N I  

Fig. 5 S-N curves of material B(0.46%C). 

0 7 
0 1 2 3 4 5 6 7 8 9 1 0  

Plastic sum E % 

Fig. 6 Relation behveen a,/n,,, and E,%. 
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Fig. 8 Successive observation of fatigue crack initiation of prcstraisrd specimen 
(matcri;d B:O.J6%C). 
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Fig. 9 Successive observation of fatigue crack initiation of pre-stmixxed specimen 
using SEM (material B:0.46%C). 
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Fig. 10 Successive observation of fatigue crack initiation of pre-strained 
specimen using SEM (material B:0.16%C). 
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