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C ucnonvzosanuem mMemooa KOHEUHbIX INEMEHNO8 8 MPeXMepHOl NOCMAHOBKe UCCIe008AHO HANPs-
JICEHHOE COCMOAHUE U ONnpedesieHa 30HA MAKCUMANbHBIX HANPAJICEHUN 6 NIOCKUX NIAACIUHAX C
nepuoouueckumu Haopesamu. B uacmuocmu, usyuen sgpgpexm eapvuposanus uecmvio ceomempu-
uecKuUMU napamempamu (MoayuHa nAacmunbl, oOmHouleHue nyounsl Haope3a K wupuHe niacmuHbl,
paccmosiHue MexHcoy nepuooudecKUMy Haopesamu, yeou u paouyc V-obpasnoeo naopesa) Ha pacnpe-
Oeenue HANpAXCeHUl No MoawjuHe NIACUHbL U JOKATU3AYUI0 MAKCUMATbHBIX Hanpsicenul. TIpo-
ananuzuposaro bonee 500 eeomempuyeckux kongueypayuii niacmun ¢ nHaopesamu. Coenacno pesyio-
mamam uccnedo8anuii 6 OMHOCUMENbHO MOHKUX NAACIUHAX MAKCUMALbHOE 3HAYeHUe HANPAIHCEHUS Y
cpeonezo Haopesa 00Ccmu2aemcs 6 cepeOuHHOU NI0CKOCMuU, 4mo COOMEemcmeyem nioCKoMy Hanpsi-
JICEHHOMY COCMOANUIO, NOCMYIUPYEMOMY 6 DAMKAX O8YXMEpPHbIX KOHEUHOINeMEHMHbIX MOOenell.
Oonaxo ¢ ysenuuenuem mMoONWUHLL NIACMUHBL UMeem Mecmo cymeujeHue 001acmu MaKCUMAnTbHbIX
Hanpax)cenull u3 cepeOuHHOl NI0CKOCIU K C80O0OHOI NOBEPXHOCU NAACMUHbL. YCmanosnieno, 4mo
yeenuuenue KoIu4ecmea Haope306 ¢ Yeablo CHUNCEHUsS. YPOSHSA HANPAICEHUL 6 UX GepUIUHE ABNACMC
IpPexmusHbiM UL 8 MOM Cayuae, eciu PACCMOSHUE MeXCOy HUMU CPABHUMENbHO Mano. M3
BbIUCYKAZAHHBIX 2€OMEMPUYECKUX Napamempos Haubonvuiee uAHUe HA JOKAIU3Ayuio obracmu
MAKCUMATILHBIX HANPAdCeHUll 801U3U CpeOHe20 Haope3a OKAa3vledaenm pacCmosHue Mexcoy nepuoou-
uecKuMU HAOpe3amu, 0COOeHHO OJil OMHOCUMENbHO MOHKUX NAACTUH.

Knroueswvie cnosa: MEPUOANIECCKUE HAAPE3HI, KOHEYHOAIEMEHTHBIHN aHaJIn3, TPpEXMEpHasA
MOCTAHOBKA, PACTIAKCHUC.

Introduction. As well-known examples of periodic notches, bolt-nut joints play an
important role in the safety and reliability of structural systems. In [1] the reduction of
stress concentration of bolt thread geometry is achieved by an optimization technique.
Reduction of stress concentration in a bolt-nut joint by using a two dimensional
axisymmetric finite element model is studied in [2]. Dealing with periodic blunt notches
and using the strain energy density (SED) approach, plane strain conditions are assumed to
evaluate the stress concentration factors (SCF) of a number of flat plates and round bars
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with periodic U- and V-notches. Tension, bending, and torsion loading conditions have
been considered [3]. In the presence of sharp periodic notches and by means of SED, the
plane theory of elasticity has been used to study the variability of the notch stress intensity
factors (NSIF) of periodic sharp notches in [4, 5]. A new model of depth reduction factor
for different ratios of relative depth of the notch is proposed to match the results of the SED
approach. In the case of shallow notches, the results are compared with some
semianalytical solutions provided in [6]. In addition, based on the best fit of numerical data
from the SED approach, some polynomials for nondimensional NSIFs, in the case of
intermediate and deep notches are presented. In another work by the authors [7], some
very simple expressions are derived for the direct evaluation of the SED and the NSIF of
plates with infinite width as a function of the notch spacing in the case of narrow sharp
notches.

Dealing with crack problems, it is crucial to know the exact stress intensity factors for
different geometrical configurations because the fatigue life is strongly influenced by them,
both under uniaxial and multiaxial loadings [8—11]. For a plate under in-plane loading
condition, two basic assumptions for the stressed state within the framework of plane
theories of elasticity, namely as plane stress (zero transverse stress) and plane strain (zero
transverse strain), are commonly used [12]. On the other hand, until now there is no
generally accepted criterion for identifying what thicknesses correspond to plane stress or
plane strain conditions. There are numerous recent publications addressing the above issue
[13-20]. In particular, in [15], an extensive review of some recent analytical, numerical and
experimental results was performed to investigate the effect of plate thickness on elastic
deformation, as well as quasi-brittle fracture of plate components.

In [21], an attempt was made to investigate the thickness effect on the location of
maximum stress and NSIF of corresponding blunt and sharp periodic notches in three-
dimensional (3D) plates weakened by periodic blunt and sharp notches. A number of 3D
finite element (FE) models are constructed with this aim. In addition, different number of
periodic notches, as well as different notch opening angles, are examined.

As it can be concluded from the above literature review, most of the works has been
done on periodic notches are limited to two-dimensional (2D) analyses. However, the 3D
stress field ahead of notch root of periodic notched components is greatly affected by the
six geometrical parameters, namely: the plate thickness, the ratio of notch depth and width
of the plate, the pitch of periodic notches, the notch opening angle and the notch tip radius.
Therefore, in this study, a comprehensive 3D FE analysis is performed on periodic blunted
notches models. The aim of this study is to investigate the influence of the above six
mentioned parameters on the stress field ahead of notch root of blunted notches, as well as
on the location of the maximum stress through the plate thickness.

1. Geometry and Boundary Conditions. Five models with different geometrical
configurations (summarized in Table 1) have been considered. The geometrical parameters
are introduced as: thickness of the plate (¢), notch depth to width of the plate (a/w), pitch of
notch (p), notch opening angle (2x), notch radius (p), and number of notches (V). More
than five hundred three-dimensional models have been analyzed by combining the following
values of the above-mentioned parameters (Table 1). In all these models, the applied stress
0, =1MPa is assumed.

Figure 1 shows the schematic model with boundary conditions.

2. Numerical Analysis. The finite element method (FEM) is employed to obtain the
stress field ahead of notches and analyze the stressed state and the location of the maximum
stress. All of the analyses are carried out using the ANSYS software package. Due to
existence of symmetry, only one-fourth of each notched plate is modeled. The 20-node
brick element is used. Fine mesh is utilized near the notch tip to improve the accuracy of
results, whereas coarse mesh is used far from the notch tip, in order to reduce the numerical
cost. Figure 2 shows a sample meshed model.
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Table 1
Geometry of Models under Study
Model 2a, 0, D, t N alw
deg mm mm mm
1 60 0.1 2.5 0.5, 1-10, | 3,7 0.125
15, 20, 25
2 60 0.1 1.5, 25,35 4-11 3,7 | 0.08, 0.1, 0.125,
4.0, 5.0 0.16, 0.2
3 60 0.1 1.0, 1.5, 2.0, 2.5, 5-10 3,7 0.125
3.0, 3.5, 4.0
4 10, 15, 20, 30, 0.1 2.5 1, 5-10 3-5 0.125
45, 60, 90, 120
5 60 0.05, 0.1, 2.5 5-10 3,7 0.125
0.2, 03

Uy=Lon(1-V%)/E

I

w/2

Pt

S 4\1/'2
Symmetric planes

Fig. 1. The geometrical parameters of 3D periodic notched plate and boundary conditions.

Fig. 2. A sample meshed model.
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Prior to the analysis, a model verification is performed by comparing the results
obtained from model 1 and corresponding results of [21]. Figure 3 depicts the normalized
stress at the middle notch of the periodic notched plate as a function of normalized plate
thickness for the three thickness values of 1, 5, and 10 mm. Excellent agreement is
observed between the results of the present model and the ones reported in [21] with the
maximum relative difference of only 0.5%, which is related to the case with a thickness of
10 mm and normalized thickness of 0.5.
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Fig. 3. Comparison between the present study results and data of [21]. (Here and in Figs. 4-25:
legends have dimensions as in Table 1.)

3. Results and Discussion.

3.1. Effect of the Thickness Variation. In order to evaluate the effect of the thickness
variation on the tensile stress at the middle notch of periodic notched plates along the
thickness of the plate, model 1 is used for the analysis. In this regard, stress values are
calculated for 14 thicknesses (0.5, 1-10, 15, 20, and 25 mm) and two different numbers of
notches (N = 3 and 7).

Figure 4 shows the normalized stress at the middle notch of the periodic notched
plate as a function of normalized thickness of the plate for different ranges of the plate
thickness.

As is seen from Fig. 4, the maximum stress is shifted from the mid-plane to the
location near the free surface when the thickness of the model increases.

Figure 5 exhibits a similar trend for thinner models. According to Fig. 5, the
maximum stress location starts to shift toward the free surface, in case of >3 mm.

Figure 6 depicts the results of the similar analysis for #= 5-10 mm. The trend is
similar to the cases corresponding to thicknesses larger than 2 mm shown in Fig. 5.
Moreover, it can be seen that increasing the thickness of the model leads to a slight
decrease in the stress values.

Figure 7 presents the results of the analysis for N = 7. Again, the same patterns of the
maximum stress location being shifted toward the free surface and the reduction of stress
values with plate thickness can be observed. However, the difference between the stress
values increases for N =7.

ISSN 0556-171X. Ilpodaemol npounocmu, 2014, Ne 3 119



A. Amini, R. Afshar, and F. Berto

1.00 ~

095 |

0.0 02 0.4 06 08 10
zit

Fig. 4. Variation of tensile stress at the middle notch of periodic notched plates along the plate
thickness for different thickness values (¢ = 0.5mm, N =3, p=2.5mm, p = 01 mm, and 2a = 60°).
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Fig. 5. Variation of tensile stress at the middle notch of periodic notched plates along the plate
thickness for different thickness values (¢ = 0.5-5.0 mm, ¢ = 0.5 mm, N =3, p =25 mm, p = 0.1l mm,
and 2a = 60°).
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Fig. 6. Variation of tensile stress at the middle notch of periodic notched plates along the plate
thickness for different thickness values ( = 5-10 mm, ¢ = 0.5 mm, N =3, p =25 mm, p = 0.1 mm,
and 2a = 60°).
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Fig. 7. Variation of tensile stress at the middle notch of periodic notched plates along the plate
thickness for different thickness values (¢ =5-10 mm) and N =7 (¢=0.5 mm, p=25 mm,
p =01 mm, and 2a = 60°).

The influence of thickness on the location of the normalized maximum stress will be
discussed in section 3.3.

3.2. Effect of Notch Depth-to-Plate Width Ratio. To investigate the effect of notch
depth-to plate width ratio a/w, two parameters as notch pitch and number of notches are
also considered. It is due to the fact that the notch pitch, as it will be discussed in section
3.3, has a strong effect on the stress field of notches, as well as on other geometrical
parameters.

At first, stress variation with a/w ratio is studied for model 2 with the preset number
of notches N =3 and thickness value 7= 5 mm. Figures 810 show the results for
p=1.5,3.5, and 5 mm, respectively. In these models, the notch depth (¢) was maintained
invariable, while the plate width (w) was varied. It might be expected that stress values
increase when the width of model decreases, but based on the results depicted in Fig. §, it
can be seen that stress values start to reduce when a/w increases, but stress values tend to
grow at a/w ratios exceeding 0.16.
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Fig. 8. Variation of tensile stress at the middle notch of periodic notched plates along the plate
thickness for different a/w ratios and p=1.5 mm (¢ =0.5 mm, N =3, p =0.1 mm, 2a = 60°, and
t =5 mm).
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52

a(MPa)

z (mm)

Fig. 9. Variation of tensile stress at the middle notch of periodic notched plates along the plate
thickness for different a/w ratios and p=3.5 mm (¢ =0.5 mm, N =3, p =0.1 mm, 2a = 60°, and
t =15 mm).
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Fig. 10. Variation of tensile stress at the middle notch of periodic notched plates along the plate
thickness for different a/w ratios and p=5mm (¢ =0.5 mm, N =3, p =0.1 mm, 2 = 60°, and
t =5 mm).

The same trend can be observed in Fig. 9, with the only difference that the increase in
stress values starts at larger widths (for a/w> 0.1), which obviously indicates the effect of
width variation on the stress field.

It can be concluded from what Figs. 8-10 that further increasing of the model plate
pitch leads to a trend in stress variation, which was expected from the beginning. In other
words, as it is presented in Fig. 10, reducing the model width leads to an increment of stress
values.

Figure 11 depicts the tensile stress at the middle point of the plate thickness for
different pitch p values versus a/w ratios.

According to Fig. 11 and based on what it can be observed in Figs. 8-10, when the
periodic notches are far enough from each other, i.e., a large pitch value, stress values
increase due to the reduced distance between the notch tip and the bottom edge. In other
words, when the pitch of periodic notches is large enough so that the notches have a feeble
effect on each other, one can expect the increase of stress values by decreasing the width of
the model plate.
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Fig. 11. Tensile stress at the middle point of the plate thicknes versus a/w ratios for different pitch
values p (¢=0.5 mm, N =3, p=0.1 mm, 2a = 60°, and 7= 6 mm).

The effect of a/w ratio on the stress at the middle notch as a function of number of
notches (N) and pitch (p) is also studied. The results are shown in Fig. 12. Generally, it is
expected that the stresses would decrease through the thickness, when the number of
notches increases. But as it can be seen from Fig. 12, this pattern is valid only in cases with
a relatively small pitch. For example, for models with p= 1.5 mm, there is a relatively
large difference between the stress values corresponding to models with N = 3 and 7. But
for p=35 mm (except for the first point, which is related to the ratio of a/w= 0.08),
increasing the number of notches has no effect on stress values, and the respective stress
lines almost coincide. Thus, when the periodic notches are placed at a small distance from
each other, the effect of each notch on the stress field of others becomes quite strong, so
that one can reduce the stress values by increasing the number of notches.
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Fig. 12. The effect of a/w ratio on stress at the middle notch as a function of number of notches and
pitch (¢ =0.5 mm, p =0.1 mm, 2a =60°, and =15 mm).

Another important point is the role of a/w ratio. As it is depicted in Fig. 12,
increasing a/w ratio reduces the effect of adding notches to the model. This is true for the
cases with small pitch as it is stated earlier and also is evident from Fig. 12.
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Fig. 13. The effect of a/w ratio on the location of the maximum stress (z/¢),x for p=2.5 mm
(a=05mm, N =3, p=0.1 mm, and 2a = 60°).
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Fig. 14. The effect of a/w ratio on the location of the maximum stress (z/#) ¢ for (a) p =1.5 mm
and (b) p=4 mm (¢=0.5 mm, N =3, p=0.1 mm, and 2a = 60°).
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The effect of a/w ratio on the location of the maximum stress is also studied. Figure 13
presents the z/t¢ values regarding the location of the maximum tensile stress for models
with p= 2.5 mm. As is seen in Fig. 13, a/w variation exerts no effect on the location of
the maximum stress values. Figure 14 illustrates the similar analysis for models with pitch
values of 1.5 and 4 mm, and thickness values of 5, 8, and 10 mm. It is clear from Fig. 14
that even under conditions of pitch variation, a/w ratio still does not affect the maximum
stress location in the plate within the thickness range of 5-10 mm.

3.3. Effect of Pitch Variation. Figure 15 shows the tensile stress variation along the
plate thickness in the middle notch of the periodic notched plate for different pitch values.
As it is depicted in Fig. 15, increasing the notch pitch leads to an increment of the stress
values. Furthermore, the rate of this increment tends to be reduced for higher pitch values.
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Fig. 15. Variation of tensile stress at the middle notch of periodic notched plates along the plate
thickness for different notch pitches (¢ = 0.5 mm, p =0.1 mm, =15 mm, and 2a = 60°).
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Fig. 16. Tensile stress at the middle point of the plate thickness as a function of pitch for different
number of notches (¢ =0.5 mm, p =0.1 mm, =35 mm, and 2a = 60°).

Figure 16 shows the tensile stress of the middle point of the plate (z=1¢/2) as a
function of model pitch for N =3 and 7. It is clear from this figure that the effect of
increasing the number of notches becomes negligible when the pitch of the model
increases. For example, in this specific model with p = 3 mm, stress values for N =3 and
7 are almost identical. In addition, for the model with N = 3, influence of larger pitches is
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considered, i.e., pitch values of 5, 6, 7, and 8 mm. As it is depicted in Fig. 16, when the
pitch attains a relatively high value, the stress values of the middle notch become
insensitive to further increase in the pitch value.

The effect of pitch variation on the maximum stress location is also evaluated. Figure
17 shows the z/¢ values regarding the location of maximum tensile stress for different
thickness and pitch values (these data are tabulated in Table 2). As it is depicted in Fig. 17,
pitch variation has the most important effect on the location of maximum stress values.
According to this figure, for a given pitch, increasing the plate thickness leads to a shift in
the location of maximum stress value toward the free surface. In addition, for a given
thickness, the location of the maximum stress becomes shifted from the mid-plane for the
small pitch values to the near surface for the case of large pitch values. In fact, for thinner
plates the shift in the maximum stress location is more evident, in comparison with
relatively thicker plates (=10 and 11 mm).

b ]EZ)ffle:t ozf Pitch Variation on the Maximum Stress Location for Different Thicknesses
The location of the maximum tensile stress (/1)
Thickness Pitch of notches (mm)
(mm) 1.0 1.5 2.0 25 3.0 35 40
5 0.5 0.133 0.133 0.1667 0.200 0.2000 0.2000
6 0.5 0.100 0.133 0.1330 0.133 0.1667 0.1667
7 0.5 0.100 0.100 0.1000 0.100 0.1000 0.1330
8 0.5 0.067 0.100 0.1000 0.100 0.1000 0.1000
9 0.5 0.067 0.067 0.0670 0.100 0.1000 0.1000
10 0.2 0.067 0.067 0.0670 0.067 0.0670 0.0670
11 0.2 0.067 0.067 0.0670 0.067 0.0670 0.0670

0.6

0.5
t=4
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t=8
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0.4

0.3 4
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0.1

0.0 T T T T T T T
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Fig. 17. The effect of p variation on the location of the maximum stress (z/¢),,, for different
thicknesses (¢ = 0.5 mm, p =0.1 mm, N =3, and 2a = 60°).

3.4. Effect of the Notch Opening Angle Variation. In order to evaluate the effect of
the notch opening angle variation on tensile stress at the middle notch of periodic notched
plates along the thickness of the plate, model 4 is analyzed.
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Figure 18 shows the variation of tensile stress for different notch opening angles(z = 1
mm and N = 3).

As it can be seen from Fig. 18, increasing the notch opening angle leads to reduction
of the tensile stress in the middle notch of a periodic notched plate. But this trend is more
perceptible for notch angles exceding 90°, while the increase in the stress value is low for
the notch opening angles of 60° and smaller.
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Fig. 18. Variation of tensile stress for different notch opening angles (f =1 mm, N =3, a = 0.5 mm,
p =0.1 mm, and p=2.5 mm).

Figure 19 shows the results of the similar analysis for N = 7. According to Fig. 19,
the same trend of Fig. 18 can be observed. In addition, increasing the number of notches
leads to reduced stress values, which reduction in stress values is higher for notch angles of
90 and 120° and is insignificant for angles of 10-60°.
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Fig. 19. Variation of tensile stress for different notch opening angles ( =1mm, N =7, a =0.5 mm,
p =0.1 mm, and p=2.5 mm).

In addition, the effect of the notch opening angle variation on the stress values has
been studied for #= 5 mm. Figure 20 shows the results of this analysis for N = 3. Again,
the trend of stress reduction due to increase of the notch opening angle could be observed
and, similar to the analysis for # = I mm, the increase in stress value is low for notch angles
of 60° and smaller.
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Fig. 20. Variation of tensile stress for different notch opening angles (t =5 mm, N =3, a =0.5 mm,
p =0.1 mm, and p=2.5 mm).
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Fig. 21. Effect of the notch opening angle variation on the location of maximum tensile stress
@/ max (@=05mm, N =3, p=0.1 mm, and p=2.5 mm).

Figure 21 shows the results of the analysis regarding the effect of notch opening angle
variation on the location of the maximum tensile stress. As it can be seen from this figure,
the notch opening angle variation has no strong effect on the maximum stress location
within the thickness range of 5-10 mm. There are two exceptions, which are related to the
case of = 8 mm with the opening angles of 90 and 120°.

3.5. Effect of Notch Radius Variation. Effect of notch radius variation on the through
the thickness tensile stress in the middle notch of the plate is studied using model 5, in
which four notch tip radii of 0.05, 0.1, 0.2, and 0.3 mm are considered. Figure 22 shows the
results of the analysis for N =3 and =5 mm.

According to Fig. 22, reducing the notch tip radius leads to a considerable increase in
stress values. Figure 23 presents the results of the same analysis for N =7, in which a
similar trend of Fig. 22 can be observed.

The effect of the notch radius variation on the location of the maximum stress is
considered as well. Figure 24 shows the z/¢ values regarding the maximum tensile stress
location for different notch radii and thicknesses. According to this figure, for a given plate
thickness, the maximum stress location is not affected by the notch radius variation, except
for two radii, in case of #= 8 mm. In addition, the same analysis is done for model 1 with
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Fig. 22. Effect of notch radius variation on tensile stress in the plate middle notch for N =3
(a=0.5 mm, p=2.5 mm, =5 mm, and 2a = 60°).
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Fig. 23. Effect of notch radius variation on tensile stress in the plate middle notch for N =7
(a=0.5 mm, p=2.5 mm, =5 mm, and 2a = 60°).
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Fig. 24. Effect of notch radius variation on the location of the maximum tensile stress (z/7),,, for
different thicknesses (¢ =0.5 mm, p=2.5 mm, N =3, and 2a = 60°).
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Fig. 25. Effect of notch radius variation on the location of maximum tensile stress (z/¢),, for
different thicknesses (¢ = 1.0 mm, p=4.0 mm, N =3, and 2a = 60°).

a=1mm and p=4 mm, which results are shown in Fig. 25. Again, it can be observed
that for a given thickness the maximum stress location is not affected by variation of the
notch radius. However, there is an exception, which is the notch radius of 0.5 mm for the
case of =10 mm.

Conclusions. The main findings of this study are summarized as follows:

1. For relatively thin plates (thinner than 2 mm for this model), the maximum stress in
the middle notch appears to be in the middle of the plate, which confirms the plane stress
assumption of 2D FE models. However, increasing the plate thickness leads to a shift in the
location of the maximum stress towards the free surface. In addition, increasing the number
of notches has no influence on this pattern.

2. Reducing the plate width leads to an increment of the maximum stress in the middle
notch.

3. Increasing number of notches with the purpose of decreasing stress values in the
notch tip is possible only when the pitch of the notches is small.

4. Increasing the notch opening angle leads to reduction in the value of tensile stress
in the middle notch of a periodic notched plate for the notch opening angles over 90°.
Moreover, this pattern is invariant to the number of notches.

5.Reducing the notch tip radius leads to a considerable increase in stress values, and
this trend can be observed for different number of notches.

6. Among the above-mentioned geometrical parameters, pitch variation has the
strongest influence on the maximum tensile stress location in the middle notch of periodic
notched plates. For a given thickness, the maximum stress location varies from the
mid-plane for the small pitch values to the near surface for the case of large pitch values. In
fact, for thinner plates the shift in the maximum stress location is more pronounced, in
comparison with relatively thicker plates (=10 and 11 mm).

7. Variation of other geometrical parameters, such as notch depth-to-plat width ratio,
notch opening angle, and notch tip radius, does not affect the maximum stress location,
except for a few cases as shown in Figs. 21, 24, and 25.

Pe3ome

3a IOIOMOrOI0 METOy CKIHYCHHHX €JICMEHTIB y TPUBHMIPHIH ITOCTAHOBII TOCIIIKCHO
HANpPYXEHUH CTaH 1 BU3HAYEHO 30HY MAaKCUMATbHUX HAPYXKEHb y IUIOCKUX IUIACTHHAX 13
MepiOANYHUMHI HanpizaMu. 30KpeMa, BUBYCHO e(eKT BapifoBaHHA MIICTEMa T'€OMETpHY-
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HUMH{ [apameTpamu (TOBIIMHA IIACTHHH, BIJHOIIEHHS TIJIMOMHM HAJpPi3y A0 IIUPUHH
IUTACTUHM, BIZICTaHb MK MEPIOMUYHAMU HAJPi3aMu, KyT i pajiyc V-moaiObHOro Haipi3y) Ha
PO3IOJII HANpy)KEeHb 110 TOBIIMHI IUIACTHHH 1 JIOKaTi3allil0 MaKCUMaJbHUX HalpYKEHb.
[IpoanainizoBano 6inbmI sik 500 reoMeTpuuHUX KOHQIrypauiil miacTuH i3 Hajapizamu. 3rijg-
HO 3 pe3yJbTaTaMH JOCIIUKEHb y BIIHOCHO TOHKHX IUIACTUHAX MaKCHMaJbHE 3HAUYCHHS
Hanpyru Ouls cepefHbOro HaJpidy Mae Micle B CepeiMHHIN IUIONIMHI, IO BiIIOBiIa€E
IUIOCKOMY HAalpy)KeHOMY CTaHy, IOCTYJIbOBAHOMY B pPaMKaX JBOBUMIPHHMX CKiHUYEHHO-
eJIEMEHTHUX Mopenei. OaHaK 3i 30UThIICHHSIM TOBIIWHU TUTACTHHHA MAa€ MICIIEC 3MIIICHHS
o0acTi MaKCHMAaIBHUX HANpYXKEHb 13 CEPEIMHHOI IUIOMIMHU 10 BUTFHOI MOBEPXHI IUIac-
THHU. YCTAaHOBIICHO, IO 30UTBIICHHS KITBKOCTI HAIPi3iB 13 METOK 3HIDKCHHS PIBHSA
HaIpy’>XeHb y iX BEpIIMHI € e(PEeKTUBHUM TiTbKH B TOMY BHIQJKY, SKIIO BiJCTaHb MiX
HUMHU HOPIBHSHO Maja. I3 BHUIEBKa3aHUX T'€OMETPHUYHHX MMapaMeTpiB HAHOUIbIINI BILIUB
Ha JIOKaJi3aIifo 00JacTi MaKCHMAalbHUX HAINPYXXEHb MMOOIH3Y CEepeNHBOTO HAIpPi3y Mae
BIJICTAHb MIX TEPIOJMYHIMH HAApi3aMH, OCOOJMBO IS BiTHOCHO TOHKHX ITJIACTHH.
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