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Abstract Stress concentrators are sudden changes of shape of mechanic part, which evoke changes of force flow,
so they influence tensions, which load this part. The same goes for the static or the cyclic loading. The notches
which are on the surfaces of various components increase the stress. Such kind of stress creates instability and
weakening of the component. However, it is possible to reduce that influence by adding such notches which are
spaced apart in some distance.
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1. Introduction
The stress concentration factors cause the sudden
change of component shape which induce the change of
the force flow around the component [3]. The uniaxial
state of stress is changing to triaxial state of stress
(rotating rod) or to biaxial (thin flat rod). The notches can
be divided into three main groups:
• The Construction notches, eg.: the grooves, the
recesses, the threads, etc.
• The Technological notches (Macrodefects of material).
• The Metallurgical notches, eg.: significant distortions
of the internal structure, the dirt, etc.
Just the construction notches are desirable. From the
construction and the operation point of view is the
concentration undesirable because it has big influence on
the life cycle of the whole structure [1].

2. The State of Stress and the
Deformation around the Notches
The first works which were concentrated on the
determination of the state of stress and the deformation
around the notches were provided by Neuber. According
the theoretical analysis the level of stress around the
notches depends on the radius of curvature around the root
of notch ρ , the side of angels ψ , and also it depends on
the depth of the notch t . Neuber has developed the stress
concentration factor α to characterize the concentration
of stress around the notches [3]. The value of that factor
α is proportional to the maximum level of stress σ max

and inversely proportional to the nominal (mean) stress
σ nom , Figure 1

α=

σ max
.
σ nom

(1)

The shape factor takes into account the increase of the
stress because of the geometrical effect of the components
and also it reflect the detailed change of the force flow
component.

2.1. The Influence of Notches to Fatigue
Strength
The notches which are on the surfaces of various
components increase the stress. Such kind of stress creates
instability and weakening of the component. However, it
is possible to reduce that influence by adding such notches
which are spaced apart in some distance. It is caused by
the stress concentration factor which is for above situation
lower than one notch case. Simply, the group of notches
are acting like there is one notch with a larger radius of
root curvature [2]. To determine α moderating effect of
these notches characterized as the depth of the notch
which we can count from the following formula:
t∗ = t ⋅ γ ,

(2)

Where γ is mitigating factor and t is the depth of then
notch.
γ depends of ratio of separation notches c and the depth
of the notch t which is shown on Figure 2. [3]
The shape factor of notch α for the component with
more than one notch can be calculated from the known
formulas. To determine α for the flat bar with a
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rectangular cross-section which is under the tensile stress
we can use following formula, Figure 3 [4].
2r

2r

2

3

2r

(3)

α=
C1 + C2 
 + C3 
 + C4 
 .
 L 
 L 
 L 
Constants C1 to C4 are known from:
2

2r
2r
C1 =
3,1055 − 3,8247 
 + 0,8522 
 ,
 D 
 D 

2r
−1, 4370 + 10,5053 
C2 =
−
 D 
2

(5)

3

2r
2r
− 8, 7547 
 − 19, 6273 
 ,
 D 
 D 

The fatigue strength for each type of loading can be
determined from the favorable conditions which can be
modified by such factors, which can reduce the fatigue
strength. Such factors are the surface treatment, notch, and
also sensitivity of notch.
The fatigue strength can be determined from the below
formulas for the alternating symmetrical tensile loading or
bending loading and also of the torque loading:
• alternating symmetrical tensile loading:

σ c* = σ c

1

β

ηp ,

2r
2r
C3 =
−1, 6753 − 14, 0851
 + 43, 6575 
 ,
D


 D 

(6)

1

*
σ co
= σc

β

η po vo ,

σ
vo = co ,

2r
C4 =
1, 7207 + 5, 7974 
−
 D 
3

2r
2r
− 27, 7463 
 + 6, 0444 
 ,
 D 
 D 

(8)

• alternating symmetrical bending loading:
2

2

(4)

2.2. Determination of Fatigue Strength for the
Alternating Symmetrical Loading

(7)

where r is radius of notch, D is width of sample , L is
distance between the notches.

(9)

σc

vo is factor of size by bending,
• alternating symmetrical torque loading:
*
τ ct
= τc

1

β

η pt vt ,

τ
vt = ct ,

(10)

τc

vt is factor of size by torsion.

η p is quality factor of surface, which we can determine
from the graph Figure 4. The value of that factor for the
bend η po is almost the same like the value of η p . In case
of torque moment, we need to modify that factor
according the following formula: [3]

ηp ≅

(

)

1
1 + η po .
2

Figure 1. Stress in components with notches

Figure 2. Dependence of ratio of separation notches and the depth of the
notch

Figure 3. Multiple opposite semicircular notches in finite-width plate

Figure 4. Quality factor of surface

(11)
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Figure 5. Field of reduced stress with 40 mm of notches range by the tensile

Figure 6 Field of reduced stress with 50 mm of notches range by the tensile

Figure 7. Field of reduced stress with 55 mm of notches range by the alternating symmetrical tensile
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Figure 8. Field of reduced stress with 65 mm of notches range by the alternating symmetrical tensile

2.3. Tensile Stress
We have used the same method of calculating the
loading force 𝐹𝐹 for the case with the three sided notches as
we used for one sided notch case of static and alternating
symmetrical tensile loading. However, there is one
difference when it comes about the factor determination
process. We have calculated that factor from the formula
(3). The component was modeled at various mutual
distances of notches 𝐿𝐿. The distances were chosen as
follow 40 mm, 50 mm, 55 mm and 65 mm. According the
formula (3), there will be different value of α once the
distance 𝐿𝐿 will be changed.
The results can be found in the following table Table 1.
You can also find the results of the static loading model
on the Figure 5, Figure 6
For the alternating symmetrical tensile loading, the
results are shown on Figure 7, Figure 8.

2.4. Bending Stress

The following Table 1 provides our results. The results
of modeling for the static loading are shown at Figure 9
and Figure 10.
The Figure 11 and Figure 12 provides the results of
modeling the alternating symmetrical loading.
Table 1. Výsledky analytického a numerického riešenia
Load

Tensile
Static

Tensile
Alternating
Symetrical

Bending
Static

In case of component with the three sided notches was
the value of loading force 𝐹𝐹 also counted in the same way
as we used for one notch case. The value α was determined
in the same way for both types also. According the change
of mutual distance of adjacent notches we were able to
observe the change of σ max parameter.

Bending
Alternating
Symetrical

L

F

α

σ max [MPa]

[mm]

[N]

[-]

Analytical

FEM

40

84 052

1,949

205

225

50

79016

2,073

205

224

55

77264

2,12

205

224

65

74794

2,19

205

277

40

56476

1,949

137

152

50

50940

2,073

132

148

55

49128

2,12

130

133

65

46539

2,19

127

156

40

39 490

1,96

251,5

226

50

39 490

1,96

251,5

234

55

39 490

1,96

251,5

239

65

39 490

1,96

251,5

246

40

26 570

1,96

169

152

50

26 570

1,96

169

157

55

26 570

1,96

169

160

65

26 570

1,96

169

165

Figure 9. Field of reduced stress with 40 mm of notches rangeby the bending
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Figure 10. Field of reduced stress with 50 mm of notches rangeby the bending

Figure 11. Field of reduced stress with 55 mm of notches range by the alternating symmetrical bending

Figure 12. Field of reduced stress with 65 mm of notches range by the alternating symmetrical bending

3. Conclusion
There were changes of the maximum stress of the
component with the three double-sided notches induced
by the change of mutual distances of the individual mid

notch. In case of the tensile loading process we have
calculated shape factor 𝛼𝛼 according the known formula for
each change of the distance. The more increase of distance,
the more reduction of shape factor 𝛼𝛼. It means that the
value of loading force 𝐹𝐹 will be reduced too. According
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the results we have found out that such theory works with
the limited distance only. The maximum stress can be
reduced till the notch does not exceed a certain minimum
distance from the edge of the current sample. When it
comes about the bending stress, the factor 𝛼𝛼 was
determined for the mutual distance 40 mm only. We have
took into account that above constant for each calculation.
We observed the change of maximum stress. According
the modeled samples we have found out that values of
maximum stress increased progressively. It follows that it
is not possible to reduce the maximum stress value during
the bending stress process with the constant force of
mutual distance of notches. The main difference between
the components with the one double-sided notch and the
component with the tree double-sided notches is the
maximum stress which depends on 𝜎𝜎𝑐𝑐. The settings of
SolidWorks problem or the factor 𝛼𝛼 can cause that
difference.
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