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1. Introduction

The steel fatigue process is a function of a great number of
external and internal factors, and their superposition significantly
changes the fatigue resistance of material. The internal factors
mainly include the structural state of material, which is given by the
chemical composition and production technology of a product [1,
2, 11]. The relationship between the structure and mechanical
properties have attracted a great attention, and the yield point Re ,
at which macroscopic plastic deformation takes place, is often
considered as a macroscopic characteristic of the structure [3, 4].
From the practical point of view, the fatigue limit of steels is
expressed using the yield point or the tensile stress of material,

C � k.Rm, while the material constant k usually decreases with
the growing steel strength, i.e., generally said, it is again a function
of the steel structure [2, 5].

The treatment technology of a product usually results in
a change of the properties given by the original structure of steel.
During the cold levelling of strips from coils, on the upper side of
the coil tensile stress and on the lower side compressive stress are
formed, which significantly influence the initiation of fatigue damage
and hence the service life of a product [6, 7]. During the surface
treatment of a steel strip by blasting, compressive stress is also
formed in the surface layer and tensile stress below this layer,
while the deformation hardening of the surface layer and a change
of the surface roughness take place. Some of the mentioned changes
of the state decelerate (compressive stress, strain hardening) and
others accelerate (increased roughness, tension stress below the
strain-hardened layer) the fatigue process [8, 9]. It results from
the above-mentioned that from the viewpoint of the fatigue life it
is necessary to utilize their favourable effect in the production
technology.

The paper aims to analyse the influence of residual stress
after the cold levelling of steel strips, as well as the influence of

blasting on the fatigue life, since flat products are mainly loaded
by variable loading, during which material fatigue takes place.

2. Experiments and their analysis

Residual stress influences the fatigue properties of steel strips
with higher yield points more intensively. Therefore the experi-
ments were carried out on a strip, 8 mm thick, made of microal-
loyed steel E 7000TS. The surface treatment by blasting is usually
carried out on steel sheets with higher plasticity, and for experi-
ments was used 3 mm thick steel sheet made of 11 375.1 steel.

The structure of the microalloyed steel strip (C � 0.08%, 
Mn � 1.80%, Si � 0.41%, Al � 0.016%, Mo � 0.16%, Nb � 0.46%,
Ti � 0.16%, V � 0.012%, Zr � 0.057% – wt.%) after controlled
rolling is non-polyedric, formed by acicular ferrite, bainite and pre-
cipitates of microalloying elements. The structure of the steel strip
made of 11 375.1 steel was ferritic-pearlitic, with the ferrite grain
size of cca 0.012 mm, corresponding to the carbon content of
0.15%. The basic mechanical properties of the tested sheets are
shown in Tab. 1.

Basic mechanical properties of tested steel strips Table 1. 

After the cold levelling of the coil, residual tensile stress is
formed on the upper side of the strip and residual compressive
stress is formed on its lower side, as shown in Fig. 1. Using the ten-
sometric residual stress measuring method, stress in the amount
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Steel Thickness Re Rm A5

[mm] [MPa] [MPa] [%]

E 7000TS 8 703 832 20.4

11 375.1 3 208 400 32.0
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of cca 120 MPa was measured in the depth of 0.5 mm on the
upper side of the strip and cca 70 MPa in the depth of 4 mm [10].
Test samples were taken from the strips in the rolling direction
and notched test bars were made for fatigue tests (Fig. 2). The
influence of residual stress on the fatigue crack initiation and the
fatigue limit was tested under one-sided bending, with the asym-
metry coefficient R � 0.1.

Test samples were taken in the rolling direction from the
strips made of 11 375.1 steel and test bars were made for fatigue
bending tests (Fig. 3). Some of these test bars were blasted on all
the sides with steel granulate with the size of 0.9 mm under the
impact angle of 75° and the pressure of 0.5 MPa. The result of
blasting was surface strain hardening to the depth of 0.05 mm,
while the microhardness close to the surface (0.01 mm) increased
by 45 HV 0.01, when compared with the hardness of the basic
material. Because of the thickness of the hardened layer, the X-ray
diffraction method was used to determine residual stress in this
layer. Using this method it was found out that before blasting the
sample had tension stress on the surface (cca 79 MPa) and after
blasting it had residual compressive stress of as many as 293 MPa.
The blasting resulted in an increased roughness of the test bars. The
ground test bars had the mean arithmetic deviation Ra � 0.27 �m
and the highest profile height Rz � 1.56 �m, and the blasted test
bars had Ra � 9 �m and Rz � 45 �m. Such prepared test bars

were fatigue-tested under flat bending with the symmetric cycle
(R � �1).

The results of the fatigue crack initiation and growth tests on
notched bars (Fig. 2) are shown in Fig. 4. The bars were loaded
under one-sided bending, with the upper stress levels from 700 to
550 MPa. The documented results indicate that when the test bar
was loaded under one-sided bending on the upper side (designa-
tion A), the crack initiation period was significantly shorter com-
paring to the test bar loaded on the lower side (designation B).
For example, at the stress of 700 MPa a crack 1 mm long is
formed under loading on the side A after 54.000 cycles and on the
side B after 107.000 cycles. This indicates an adverse effect of
residual tension stress on the fatigue crack initiation.

Residual stress also influences the fatigue limit values, simi-
larly as the fatigue crack initiation. Fig. 5 presents Wöhler curves,
obtained on notched bars under one-sided bending on the upper

Fig. 1 Distribution of residual stress 
z after levelling a coil

Fig. 4 Fatigue crack growth dependence on the number of cycles in 
E 700 TS steel at the stress of 700, 650, 600 and 550 MPa. 

A – Bending on the upper strip side, B – Bending on the lower strip side

Fig. 5 Wöhler curves of E 700 TS steel for notched bars under one-sided
bending (R � 0.1), L – rolling direction, T – transversal direction, A –

Bending on the upper strip side, B – Bending on the lower strip side

Fig. 2 Fatigue test bars made of E 700 TS steel strip

Fig. 3 Fatigue test bars made of 11 375.1 steel strip
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side (A) and the lower side (B). The number of cycles to failure in
the oblique section of the curve, as well as the value of the fatigue
limit under bending 
Co for 7.106 cycles, are lower in case of
loading the bars on the upper side of the strip (A). The orienta-
tion of the bar with regard to the rolling direction has also a slight
effect. The values of the fatigue limit under bending are lower in
the transversal direction (T) than in the rolling (longitudinal)
direction (L). This is, besides the structure, also caused by differ-
ent values of residual stress in the L and T directions; residual
stress is lower in the T direction. These facts could be utilized in
practice, for example in the manufacture of flat products and their
expected loading (containers, vehicles, etc.).

The experimental results of the influence of the blasted layer
on the fatigue properties of the tested steel sheet are shown as
Wöhler curves in Fig. 6. The fatigue limit of the blasted bars
(
Co � �196 MPa) is higher than the fatigue limit of the ground
bars (
Co � �176 MPa) by 11%, which generally applies in the
area of the time fatigue limit under bending. The above-mentioned
indicates a clear positive effect of blasting on the fatigue proper-
ties, which is a result of strain hardening and residual compressive
stress in the blasted layer.

The analysis of the distribution of residual stress in the blasted
layer (Fig. 7) also indicates certain risks, arising from the positive
influence of blasting on the fatigue properties. Below the strain-
hardened layer, residual tension stress is formed, which negatively
influences the fatigue properties. Significantly increased surface
roughness has also an adverse effect. In case of overloading (Fig.
6 at 260 MPa), the favourable effect of blasting is lost and French
defect band of the blasted bars is obviously extended, which may
result in a fatigue fracture at a lower stress than the experimentally
determined 
Co of the blasted bars.

Another risk of the decrease of fatigue resistance of blasted
bars is shown by the results of the 
–N relationship, processed using
non-linear regression, which also takes into account fatigue tests
where the test bar did not fail [11]. Such results processed as the

–N relationship are shown in Fig. 8. The fatigue limits at 107

cycles are comparable with the results obtained from Wöhler curve

(Fig. 6). For the ground bars 
C � �178 � 3 MPa, and for the
blasted bars 
C � �192 � 3 MPa. It results from Fig. 8 that in
the ground bars at 107 cycles the saturation of fatigue damage takes
place, but in the blasted bars a damage accumulation takes place
even after this number of cycles, and a decrease of the fatigue limit
can be expected at a higher number of cycles. The non-linear
regression also enabled us to determine the fatigue limit at an infi-
nite number of cycles, 
�, and this theoretic value is 175 � 3 MPa
for ground bars, hence it practically does not differ from the 
Co

value, but for blasted bars it is 169 � 15 MPa and is lower than

Co , and has also a significant dispersion variance. In accordance
with the pieces of knowledge from [9], can be assume that the ini-
tiation of the fatigue failure was not on the surface, but below the
blasted layer, where residual tension stress occurs. Its propaga-
tion towards the surface is also supported by unevenness of the
blasted sheet surface. This creates conditions for fatigue failures at
stress lower than 
Co .

Figs. 9 and 10 document the fracture surfaces of ground bars
and blasted bars at different stress values, and hence cycles to
failure. The fatigue fracture of ground bars is initiated and propa-
gates on the whole surface of the bar, while in blasted bars the

Fig. 6 Wöhler curves of steel grade 11 375.1 under flat bending 
(R � �1)

Fig. 8. Wöhler curves of 11 375.1 steel under flat bending, determined
by non-linear regression analysis

Fig. 7 Scheme of distribution of residual stress after blasting
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fatigue fracture is initiated preferably in certain points of the
surface, which indicates an adverse influence of roughness on the
fatigue process. These pieces of knowledge should be considered
in calculations of the fatigue life of components with a strain-hard-
ened functional surface.

3. Conclusion

The paper analyses the influence of residual stress and surface
strain hardening of steel sheets on fatigue properties under bending.
After the cold levelling of 8 mm thick steel made of E 700TS steel,
residual tension stress is formed on one side of the sheet and
residual compressive stress on the other side. These types of stress
influence the fatigue process in such a way that on the side of
residual tension stress under one-sided bending (R � 0.1) the fatigue
crack initiation starts at a significantly lower number of cycles and

the fatigue limit is also lower than in case of one-sided bending on
the side with residual compressive stress.

The blasting of a 3 mm thick strip made of 11 375.1 steel
results in the strain hardening of the surface layer with the thick-
ness of about 0.5 mm, the formation of residual compressive stress,
but also an increased surface roughness. The fatigue limit under
symmetric bending at the number of cycles 107 (
Co) is higher for
blasted surfaces (by about 11%) than for ground surfaces. It results
from the analysis of fatigue tests that the theoretic fatigue limit (at
an infinite number of cycles) of blasted sheets can also be at the
same level or lower than that of ground sheets. 

The presented results can be applied in practice when design-
ing the production technology of flat products (orientation of the
strip with regard to the loading method) and determining the
fatigue life of strain hardened products.

a) b) c)     d)
Fig. 9 Fracture surfaces of ground bars of made of steel grade 11 375.1

under flat bending: 
a) 
 � 211 MPa, N � 202.600 cycles, b) 
 � 197 MPa, N � 232.900

cycles, c) 
 � 192 MPa, N � 944.000 cycles, d) 
 � 190 MPa, 
N � 1.070.600 cycles

a) b) c)  d)
Fig. 10. Fracture surfaces of blasted bars made of steel 11 375.1 under

flat bending: 
a) 
 � 222 MPa, N � 246.200 cycles, b) 
 � 230 MPa, 

N � 268.600 cycles, c) 
 � 209 MPa, N � 733.100 cycles, 
d) 
 � 202 MPa, N � 1.405.400 cycles
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