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Abstract: In this paper, was studied the evolution of roughness surface

finish and the Vickers micro hardness, for S355JR steel grade samples, under
a constant amplitude fatigue loading. Several bending fatigue tests were
carried out using flat specimens. This paper is aimed the appreciation of the
metallic surface integrity evolution subjected to the fatigue processes on the
basis of the links between the surface roughness evolution, as geometrical
aspect, and the micro hardness evolution as physical aspect.
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1. Introduction
The quality of the surfaces of the
mechanical structures as a parameter of
their integrity, resulted after the
processing, plays an important role in
determining the behavior to variable loads
[1]. The deterioration process by fatigue
takes place by the initiation and the
evolution of the cracks having as primary
source the parameters that characterize the
integrity of the surfaces.
The experimental researches [2], [3], [4]
have shown that during the fatigue process
the surfaces modify their integrity state
following the evolution of the parameters
that define it.
The cracks made by fatigue are initiated,
mainly, in the superficial layer of the
material, the integrity of the surface having
a considerable influence on this process.
The structural discontinuities, such as:
micro cavities, cuts, (such as it may be
1
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considered the roughness) can be
considered as prime of the fatigue cracks
[5].
As it was shown, in the process of the
variable loads, the irregularities of the
surfaces do not remain at the constant
value resulted following the processing,
evolving together with the number of the
solicitation cycles, until a value at which
these lead to a high degree of
concentration of the tensions, from which
starts the process of evolution of the
fatigue crack [6].
On the basis of the fact that the surface
defects can be considered primes of the
initiation of the fatigue cracks, the studies
of Murakami and others [7÷10] have
shown that the resistance limit to fatigue
can be determined mathematically.
So the relation that allows the
determination of the fatigue strength has
the form:
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sw =

1,43(MHV + 120)

(

)

1/ 6

(1)

area
where,
MHV - is the Vickers micro hardness;

area - the parameter defined as the
size of the defect is projected on the
perpendicular plan on the application
direction of the load.
It must be seen the fact that the equation
(1) can be used for steels, as well as for
other materials, such as copper and
aluminum, being variable in the case of the
surface defects. For the internal defects the
coefficient 1,43 must be replaced with the
value 1,56. The validity of the equation
proved to be a series of Vickers micro
hardness (HV), comprised between 70
MPa and 720 MPa.
Murakami modified then the equation
(1), so that the roughness parameters can
be used at the determination of the fatigue
resistance, so the micro geometry of the
surface can be considered as a surface
defect [10]. So it was elaborated an
equivalent equation that will take into
account the amplitude parameters of the
roughness Ry and Rp resulting the equations
(2) and (3).
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2. Experimental determinations and
materials
Experimental tests followed roughness
parameters evolution and the micro
hardness evolution during the variable
loads.
Bending fatigue tests were carried out
using a flat specimen (Figure 1) of steel
grade S355JR, with the following
mechanical characteristics presented in
Table1(mechanical properties of grade
S355JR)
Table 1
Minimum
Tensile
Minimum
yield strength strength elongation
(MPa)
(MPa)
[%]
Nominal thickness <16 (mm)
355
470-630
22

(2)

2
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For, 3 >

where,
a - is the roughness parameter Ry ,
defined as the maximum depth of the
roughness;
b - represented by the amplitude
Rp, defined as the distance from the top of
the roughness to the median line.
In this paper the model Murakami will
be used in the evaluation of the evolution
of the resistance to instant fatigue,
considering the roughness as evolution
surface defect during the fatigue process.

a
> 0,195 :
2b
(3)

The surfaces of the flat specimens were
processed at three values of roughness (R1
– Ra = 0,05÷0,1µm, R2 – Ra = 0,2÷0,3µm,
R3 – Ra = 1,0÷2,0µm). The flat cantilever
samples were subjected to plane bending
fatigue loading

Fig. 1.
Dimension of
plate specimen
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3. Results and discussion
During the tests for the three levels of
roughness and three levels of symmetrical
variable loads was registered the time
evolution of roughness parameters.
Determination
of
the
roughness
parameters evolution was performed using
Profilometer PRO500 3D (with stylus),
assisted by a dedicated soft SPIP (The
Scanning Probe Image Processor).
The surface roughnesses, of all steel
plates, were measured for all the three kinds
of surfaces in the three points, because a
single 3D measurement with Profilometer
PRO500 is not sufficient for qualifying the
surface quality. There were investigated a
maximum areas of 500μm x 500μm with
PRO 500, all records have been done with
100 point on each line. Measurements were
made for evolution in time of the roughness
parameters Sy, Sp .
In order to study this type of behavior, at
three levels of load cycles N1=9x104 , N2
=1.3x105, N3 =1.8x105, were made
experimental determinations of micro
hardness on flat specimens (Figure 1),
using a Vickers Hardness Tester.
Three measurements were done, the
average values obtained are considered as
micro hardness of each tested sample. The
minimum distance between the centers of
the measuring points was approximately
three times the value of the diagonal of the
impression, in order to avoid any influence
of the previous measurements.
The micro hardness value was calculated
with the relation [11]

æFö
MHV = 1,854 × ç 2 ÷
èd ø

(4)

where,
MHV is the Vickers micro hardness;
F is the applied load and d is the diagonal
length of the indentation.

On the basis of the above mentioned
reasons, regarding the behavior to fatigue
considering the roughness as surface
defect, it was followed the establishment
of the influence degree of the factors that
determine the evolution of the resistance to
instant fatigue, in the conditions of some
different processing levels of the variably
load surface.
For the improvement of the Murakami
model, which used the 2D roughness
parameters, the 3D roughness amplitude
parameters were used.
It was proposed the use of the 3D
roughness amplitude parameters because
these
parameters
offer
a
better
characterization of the surface in
comparison to the 2D ones [12], offering
more precise information about the local
state of the micro geometry of the surface.
In this paper, the determination of the
roughness amplitude parameters has been
made all time during the try.
It was seen that the report a/2b is
between the interval 0,193÷3, which leads
to the fact that the parameter area will
be calculated with the relation [10]
area = 0,38 × 2b

(5)

where 2b represent the roughness
amplitude parameter Sp.
On the basis of the experimental values it
was followed the evolution of the
parameter areaR (Figure 2), for all the
three roughness levels. From the analysis
of the experimental data it can be seen the
fact that the parameter area R evolves
together with the solicitation duration and
with the roughness level. It can be seen
that no matter the roughness level this
parameter keeps the same character of the
evolution.
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The parameter area R has an evolution
route together with the solicitation
duration, reaching a maximum value
followed by a decrease of this value. It is
seen the fact that the number of cycles at
which the maximum value is recorded
varies according to the sample processing
level. Together with the increase of the
processing level the number of cycles until
the reach of the maximum value, is higher.

evolution of it, during the variable load, for
the three processing levels of the specimen
samples.
High values are recorded together with
the increase of the finishing level of the
surface, following the cold straining
process which takes place during mechanic
processing.
In figure 3 it is presented the micro
hardness evolution according to the
numbers of load cycles for the three
processing levels of the specimen samples
surfaces (R1, R2 and R3).

a)

a)

b)

b)

c)
Fig. 2. Evolution of area and Sa ,
S=345MPa: a) R1 roughness, b) R2
roughness, c) R3 roughness
Regarding the micro hardness of the
superficial layer, it was recorded an

c)
Fig. 3. Vickers micro hardness
evolution: a) R1 roughness, b) R2
roughness, c) R3 roughness
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According to the relation of Murakami,
the evolution of the parameters area R
and MHV during the solicitation leads to
the instant modification of the resistance
limit to fatigue.
So, in figure 4 it is presented the
evolution of these characteristics for the
three roughness levels, at the load level,
S2=450MPa.
It is seen, (Figure 4), a fluctuation in the
evolution of the resistance limit to fatigue,
according to the roughness level, the
highest resistance to fatigue, being as it
was expected, at the lowest roughness
(high degree of finishing of the surface).
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area R

has a higher influence
comparatively to the influence of the micro
hardness. It was seen that the influence
degree of the parameter areaR increases
together with the increase in the level of
the roughness.
3. Conclusion
The use of the 3D roughness amplitude
parameters, in the analyzed models, leads
to the increase of the precision degree of
the experimental determinations.
The roughness of the surface can be
considered as surface defect evaluated by
the means of the parameter area R .This
parameter can be used in the analysis of
the behavior to fatigue of the materials.
The parameter area R and the micro
hardness MHV, develops during the fatigue
process leading also to the instant
modification of the resistance to fatigue σw.
The evaluation of the influence degree of

a)

the parameters areaR and MHV, on the
evolution of the instant resistance to
fatigue, demonstrate that for the same
roughness level the parameter
areaR
has a higher influence. The influence
degree of the parameter area R increases
together with the increase in the level of
the roughness.

b)
Fig. 4. The evolution of the fatigue limit: a)
R1, R2, R3, roughness b) Sa and MHV
influence (R3 roughness)
Regarding the share of the influence of
the parameters area R and MHV, on the
evolution of the instant resistance to
fatigue it is seed (figure 3.b) that for the
same level of roughness the parameter
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