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Injury domain method does not let the cracks close to the critical level to start growing and lead to the critical length before the
time of periodic visits. Until now, calculation method of the tension in a perforated plate has been assessed in two- or three-
dimensional mode by considering the special opening (holes with different geometry). But, the tension calculation in a plate
included opening with edge crack presence in three-dimensional mode has not been studied. So, in this study, in addition to the
assessment of this mode, calculation method of the tension in the plates including different opening will be assessed. Generally,
when the object endures the tensions for a long time, the geometric deformation will be occurred. Used plates in this study are
made of isotropic materials. In these materials, when the force is applied, they show the same function in any direction and the
direction of applying force has any on effect their treatment. For analyzing the data, the Abaqus software is used. The results of the
research show that the kind of the boundary conditions has effect on the value of critical load in the tension and kind of created
tension. In the joint-joint boundary conditions, tension critical load increases with length-to-width ratio increase, and local
tension occurred in the higher penetration ratio. However, in the joint-open boundary conditions, by increasing the length-to-
width ratio, the tension critical load is decreased and in often cases, the tensions are kind of general. According to this, the plates

including cavity with bigger dimensions are subjected to local tension in smaller ratios of yielding dimension.

1. Introduction

Effect of boundary conditions on tension loading of per-
forated plate included yielding, the boundary conditions is
one of the most important parameters in the value of critical
load. In many of structures and mechanical parts, the
germination and crack growth is an inevitable phenomenon,
for example, in welded parts like, metal structures in the big
airplanes, sea structures, bridges, under pressure reservoirs,
and also in forging productions like, turbine rotors and
generators in the powerhouses [1-3]. Under the intermittent
loading, the injuries caused by fatigue are the main factor in
the failure of industrial parts [4]. The crack existence in the
mechanical components causes decrease in the value of load
ability and fatigue life and makes them weaken [5]. Iden-
tification and having a correct understanding of this phe-
nomenon can prevent or decrease its breakdowns [6]. There

are several methods to control the crack growth under static
or fatigue loading and the crack growth can be restrained by
replacement of injured parts, decreasing of possible loads, or
decreasing of crack growth rate to acceptable level [7].
Replacement of the injured parts is usually costly [8]. Also
decreasing of possible loads is sometimes impermissible and
can have effect on the correct function of parts [9]. De-
creasing the crack growth rate and receiving it to an ac-
ceptable level is an economic method faced with fatigue
cracks, which decreases the costs and has no lateral effects on
the other components [10]. In addition to this, the philos-
ophy of advanced components designing is different than
usual methods for designing of structures. The usual
methods are based on principles of material strength, it
means, how much a material or a structure has strength
against the injury. The new concepts are based on the injury
domain principle near the strength principles, it means, after
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the injury creation, the injured material should have the
ability to continue its working [11-13].

This method helps the user to decrease the repair costs
and replacement of injured parts and also decrease the
probability of failure and fatigue of parts in the service time.
The design based on strength principles depends on the
allowable design values, generally, these values are taken
from specific experiments and are corrected by confidence
coefficients. The confidence coefficients are considered for
the proximity of values difference among the considered
limitations in designing (the changes in material properties,
the environmental conditions, loading in the combined
conditions, etc.,) and real conditions of the components
during the service [14-16]. Usually, when the fatigue loading
is considered, the permissible coefficients of designing are
got from static loading and also the confidence coefficients
have higher values [17]. On the other hand, a different kind
of the opening and notches are created in different sizes and
shapes in the engineering structures, because of different
reasons like: decrease of structures weight, ability of
equipment connection to them, and output and input paths
creation. This opening causes creation of intense local
tensions which is named tension concentration. The tension
concentration is effective in the decrease of useful life and the
confidence coefficient of structure around these disconti-
nuities (opening and cracks). On the other hand, determi-
nation of the tension value and the points of tension
concentration in the experimental methods are usually
costly and difficult [18].

One of the main problems of the crack growth analysis is
by using finite element methods, in which, the structure
reticulation should be changed frequently until the analysis
is done with suitable accuracy, but this is a heavy and time-
consuming analysis. If the analytical answers are found, their
results can be simulated easily through available software so
that the frequent experimental tests that cost heavy and are
time-consuming can be removed [19]. By increasing or
decreasing the tensions or, in other words, the changes in the
applying force, the object will be fatigued. The determination
of fatigue life can prevent the financial losses and irreparable
damages [20]. Also, because the structure load-bearing ca-
pacity depends on the value of tension concentration se-
verely, and the value of material fatigue life in designing of
the structures, paying attention to the tension concentration
issue and material fatigue life and also the plate defects like
crack existence in the plates including opening with different
shapes is an inevitable matter which some researchers have
studied about for several years [21]. The crack existence in
objects is one of the most important problems in the in-
dustry, and finding the methods to forecast of crack growth
and solving it has a specific importance. So, the parameters
like the fatigue, buckling, and object yield should be con-
sidered in the designing.

2. Research Background

In a research, Hasebe and teammates explained the relations
related to the problem solving of two-dimensional ther-
moelastic for the plate including opening completely. In this
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study, they used mixed variable method to present their
relations. The mixed potential functions were extracted for
the used mapping functions in this study, and also for
different boundary conditions and temperature conditions
[22]. Aseeri used mixed variable method to get the potential
functions for an unlimited elastic plate including opening
with different shapes. For accessing a straight method, this
opening was written to out of a circle with single radius, by
using suitable and concerted mapping function [23]. Vinh
et al. evaluated the confrontation between cracked opening
and its progress under uniform thermal flow. Their results
showed that the confrontation between cracked opening and
leaner crack of uniform thermal flow leads to elimination of
tension intensity coefficients in the tip of the edge crack [24].
Gao and teammates presented an accurate solution for the
tension analysis of piezoelectric plate including the crack or
oval opening. Recently, by using of mixed variable method
and integral equations solution and by using of Cauchy
integral and fractional mapping functions, different open-
ings in the unlimited isotropic plates were studied [25].

Xu and teammates, in 2010, did a three-dimensional
thermoelastic analysis on a rectangular plate with a length, b
width, and h thickness in which the above surface was flat
and the down surface was defined with a continuous
function and was exposed to stable mode temperature and
mechanical load [26]. Sarkar and Lahiri, in 2012, assessed a
three-dimensional issue in a semi-infinite, homogeneous,
isotropic, and thermoelastic space with a thermal source
depended on the time was located on its border. In this
study, they used normal analysis and eigenvalue method to
solve the unpaired equations [27]. In 2013, Hou and
teammates got the three-dimensional solution of governing
equations in the stable mode for the isotropic materials. They
assumed two displacement functions for simplification of
the governing equations, then by using differential operator
theory, they expressed three general methods in two func-
tions and solved the issue by using two different kinds of
thermal loading. In the first issue, a spot thermal source into
the infinite thermoelastic object, and in the second one, a
thermal source on a thermoelastic semi-infinite surface were
considered [28].

3. Method

3.1. Tension Models. Structural assessment of a homoge-
neous and rounded plate based on analytical solution and
numerical solution and comparing the tension modes results
are represent in Figure 1. Also, the homogeneous plate and
its loading kind are shown, and the material properties and
its boundary conditions are expressed in Tables 1 and 2:

2
N 2D1 m? n? ()
XCR=Ta W ?4‘? .

Value of the critical force per unit length [20] is as
follows:

n: half wave number in line with y
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N, (unit length)

Figure 1: Flat plate under the pressure loading and included joint
boundary conditions [29].

TaBLE 1: Sample properties.

Index Properties Value
a Plate length 20 in
b Plate width 10 in
h Plate thickness 0.1 in
E Young module 10e6psi
Nu Poisson’s coeflicient 0.3

D Hardness 916 lb-in

TABLE 2: Presented boundary conditions.

x=0,a w=0 M,=0
y=0,b w=0 M,=0

m: half wave number in line with x
The minimum critical force in this mode is equal to 1
(n=1) [20]:

1 (m? 12\ kn’D
Nycg = II°a’D (+> Nycr=—5— (2

m2 a2 b2 b2

The critical force relation [22] is
oo o kﬁ(t)z )
“ -y

The tension coefficient relation (k) with a/b ratio and
tension modes (m) can be extracted here [22]:

2
k:(”"_b+i>. @

a mb

Relation of tension modes change [21] is as follows:

Vm(m+1). (5)

m_b+a_(m+1)b+ a a_
(m+1)bb

a mb a

According to the obtained values of the tension coeffi-
cient (Figure 2 and Table 3), the least value of tension critical
load is seen in the second mode (m =2). In this situation,
there is a sinusoidal half wave in the transverse direction and
there are two half waves in the longitudinal direction. In this
mode (m =2), the value of critical force is obtained through
analytical solution and by software as in Tables 4-6.
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FiGure 2: Tension coefficient figure (k) based on a/b ratio for
different values of m (modes transformation) for the joint plate
[22].

TaBLE 3: Values of k based on tension modes.

m=1 K=6.25
m=2 K=4
m=3 K=4.694444
m=4 K=6.25
m=5 K=8.41
m=6 K=11.11111
m=7 K=14.33163

TaBLE 4: Value of critical force obtained through analytical solution
and solution by software.

Pcr-tahlili = 3616.223
Pcr-shell =3613.2
Pcr-solid = 3596.7

Analytical solution
Solution by software (the shell element)
Solution by software (the solid element)

TaBLE 5: Percentage difference of analytical solution and software
solution for the least tension mode.

Relation

((Pcr-tahlili — Pcr-shell)/Pcr-tahlili) * 100
((Pcr-tahlili — Pcr-solid)/Pcr-tahlili) * 100

Percentage difference

0.08% shell
0.5% solid

TaBLE 6: Percentage difference of software solution and analytical
solution for other tension mode kinds.

Tension Analytical Software Percentage difference
mode solution solution (%)
m=1 5650.349 5646.0 0.07
m=2 3616.223 3613.2 0.08
m=3 4244.04 4239.0 0.11
m=4 5650.349 5641.4 0.15
m=>5 7603.109 7586.0 0.22
m=6 10045.06 10015 0.29
m=7 12956.6 12908 0.37
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FIGURE 3: Tension modes of homogeneous and isotropic plate.
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F1GURE 4: Comparison of the tension values from the software and
analytical solution.

The treatment figure of tension modes shows that the
least of tension value in this sample occurred in mode 2. And
it shows that the mode 2 is sensitive for this kind of
boundary and loading conditions (Figure 3). By increasing
the modes, the values of tensions have uptrend, and in this
value, the first mode shape, is the fourth created tension
mode in the plate. Due to the high accuracy and proximity of

FIGURE 5: Plate loading and applied support conditions.

obtained results from finite element analysis and analytical
solution, both the obtained figures with matched each other
(Figure 4).

In this model, the effects of circular cavity dimensions
in a plate on the critical value of tension load were
evaluated. The plate dimensions are 120 mm x 120 mm
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FIGURE 6: Plate tension with different cavity radii.
TABLE 7: Specifications of presented sample.
Index Properties Value
A Plate length 0.12m
B Plate width 0.12m
H Plate thickness 0.0012 m
El Young module in line with fibers 130 GPa
E2 Young module in the transverse direction 10 GPa
E3 Young module out of plate 10 GPa
G12=Gl13 Torsional modulus 5GPa
Nul2=Nul3 Poisson’s coeflicient 0.35
Nu23 =Nu32 Poisson’s coefficient 0.49

(length and width) (Figures 5 and 6). Each of the four
edges are closed by the joint support in line with z and
perpendicular to the plate, and a pressure load in line
with x was applied in both opposite edges such that the x

axis is perpendicular to them. For the plate stability, we
close one of the loaded edges in line with x and also, we
close the middle point of this edge in line with y
(Tables 7-9 and Figure 7). B



TaBLE 8: Introduction of used parameters in the modeling.

R (m) Cavity radius
dlb Ratio of cavity diameter to plate width

N, (N/m) Critical load value to length unit
K.= (N, * b)/ Value of dimensionless tension load by shell
(E, = 1Y) software
K.= (N, * b)/ Value of dimensionless tension load by solid
(E, = ) software

. Value of dimensionless tension load of
Kc article .

article

TaBLE 9: Comparing dimensionless values of critical tension load
for shell and solid elements.

R (m) d/b N, (n/m) Kcshell Kcsolid Kc article
0 0 1985.0 13.79 13.97 13.79
0.0015 0.025 1976.00 13.72 13.93 13.71
0.003 0.05 1950.00 13.54 13.71 13.51
0.006 m 0.1 1859.70 12.90 13.07 12.80
0.012 0.2 1615.00 11.21 11.30 10.82
0.018 0.3 1393 9.67 9.75 8.97
0.024 0.4 1226.4 8.51 8.53 7.51
0.03 0.5 1106 7.67 7.73 6.39
0.036 0.6 1011.7 7.02 7.04 5.63
0.042 0.7 900 6.25 6.31 4.99
0.048 0.8 719 4.99 5.08 4.43

Kc

(=T S = W)

0 0.2 0.4 0.6 0.8 1

Cutout Dimensions

—o— Reference
—o— Shell Element
Solid Element

FiGUre 7: Results from shell and solid elements.
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FiGure 8: Plate with limited width including central crack [23].
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200 mm

2a=24mm

L

2b =100 mm

FiGURE 9: Plate with central crack under uniform tension [23].

3.2. Crack Modeling. This factor for the plate with big width
and a central gap and 2a length is showed in Figure 8. In the
event that the plate width be limited and equal to 2b, the
correction coefficient should be considered f (g) to enter the
tension effect of crack tip in the tension intensity factor. In
this mode, the tension intensity factor is equal to

2b may\"
k; = oﬁ(gtan<%>> . (6)

In Figure 9 an aluminum plate (E=72.4x10° MPa,
v =0.3) with 200mm length, 100 mm width, and 1mm
thickness, including a central crack with 24 mm length,
under the uniform tensile load equal to 1 MPa is showed.
Calculation of tension intensity factor through finite element
method and its comparison with analytical method is
assessed.

Since the issue geometry is symmetrical, in order to have
easiness in the modeling, and also to decrease the time of
issue solution, just above a quarter and the right part was
modeled (Figure 10).

The S8R element was used and the meshing was done as
shown in Figure 11.

The results from the software and the values from the
theory relation are shown in Table 10.

As the second sample, for the finite element modeling,
the plate with two edge cracks is used. The plate geometry is
under uniform tension with two edge cracks which is created
perpendicular to direction of entered load and is shown in
Figure 12. In this mode, the results obtained from the
software analysis is compared with the numerical method
which is presented in source [29].

A thin square plate with 10m length under the flat
tension including two edge cracks each 2m in length are
pulled in remote with 10MPa tension constantly. As
mentioned, for this model, the source [30] was used by using
numerical solution based on energy method in analyzing the
presented crack (the J Integral method). In this source, the
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F1Gure 10: Using symmetry in finite element modeling of first simple issue [24].

FIGURE 11: Meshing of the first sample model.

TaBLE 10: Comparing the results for plate including central crack.

Finite element
method answer

1.13 K;=6.363MPa (mm)®® K;=6.292 MPa (mm)®®

Error rate (%) Analytical answer

O A

a a
—— f—

2b

Prr

FIGURE 12: Plate with two edge cracks under tension [25].

o

values obtained from tension intensity factor, with nu-
merical method used for the third cantor, are the closest
values to accurate solution (7% error) and are more than the
real values. Table 11 shows the obtained results from finite

element solution through Abaqus software compared with
the source [31] numerical results. According to this, in
mentioned source, used accuracy in the Abaqus software is
more than the numerical solution. The assumptions raised
regarding this model and the behavioral model as well as the
boundary conditions, and it is necessary to point out that the
change in each of these cases, including the density and
dimensions of the mesh, may cause changes, albeit limited,
in the new responses given in the numerical analysis
methods.

3.3. 3D Modeling of Edge Crack. In the modeling done, an
edge crack is defined in the object, and due to the different
thicknesses of object, the values of K; were calculated along
the crack length. For the modeling, the 25 knots brick el-
ement was used and the value of applied tensile tension is
50 Mpa. In Table 12, the specifications of modeling sample
are presented. Also, in Figure 13, kind of loading and the
situation of crack in the object are showed.

One of the most important points in the crack
modeling is the singularity of elements in the tip of the
crack. This matter is defined by using higher order ele-
ments and also transferring the middle knots of the el-
ements in the tip of the crack to 1/4 distance from the tip
of the crack. In Figures 13 and 14, a 20 knots element
including singularity is shown.
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TaBLE 11: Comparing results for the plate including edge crack.

Error rate (%) Numerical answer of source

Answer of finite element method

Analytical solution

0.8 K;=32.18 MPa (mm)°?

K;=28.98 MPa (mm)®® K;=29.23 MPa (mm)®®

TaBLE 12: Geometry specifications of three-dimensional object

including edge crack.

A=2w 40 mm
B=w 20 mm
a=0.5w 10 mm
t=2, 10 and 20 mm

Plate length

Plate width

Crack length
Plate thickness

0 = 50MPa Tensile tension
(o2
I B S S
[ [ [ [ [
SENT
2W B
— > a }‘7 /

i

Figure 13: Loading kind and the situation of crack in three-di-
mensional object [26].

Crack-front

F1GURE 14: Transferring middle knots of elements in tip of crack to
1/4 distance [26].

The mesh properties such as number and pattern have
great effects on analysis results. In the crack modeling,
due to the importance of elements’ shape in the tip of the
crack and its surrounding area, the correct meshing will

Figure 15: Kind of meshing done [32].

have double importance. In Figure 15, the meshing
method in source [32] is shown.

The modeling done for each thickness and their meshing
is shown in Figure 16. Figure 17 shows the kind of crack
opening under the tensile loading, and also shows the ele-
ments and the meshing around of the tip of the crack for the
sample with 20 mm thickness.

3.4. Results Comparison. In Figures 18 and 19, the different
thicknesses of object are modeled with crack length to 0/5
plate width ratio. The changing process of fatigue values
shows that the maximum value of tension intensity is in
center of object. Also, by increasing the sample thickness,
the maximum value of tension intensity is decreased, but
a wider domain of the object is surrounded this value. By
comparing the source results with obtained results
through finite element solution and 0/2% error, the
corrected values of obtained results are obtained.

4. Analysis

In the main presented sample, effects of the yielding
dimensions on the tension loading were assessed [34].
One of the factors in the yielding creation in the plate is
drilling operation. The drilling causes the injuries like
yielding, sharp bulge in plates, visible prominences and
fibers shaving and protrusion [35]. In fact, the small
splinters are a kind of pollution and wrinkles, around the
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FIGURE 17: Meshing around the tip of crack and kind of opening of the object under tensile load.

850

825
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775 4

750

K; MPa mm!/2

725

700

675

-10 -5 0 5 10
Distance, mm

FIGURE 18: Values of tension intensity for different thicknesses
based on source [33].

cavity. Also, thermal injuries and comprehensive yielding
are kind of injuries caused by drilling. The yielding is
considered as an injury in the drilling plate, and because
of it, this phenomenon is analyzed and assessed sepa-
rately in the plate. The yielding phenomenon also can be

850

825

800

775 4

750 -

K; MPa mm!/2

725 -

700

675 -
650

-15 -10 -5 0 5 10 15
Distance, mm
—— t=2mm
—— t=10mm
—— t=20mm
FIGURE 19: Values of tension intensity for different thicknesses
based on finite element method [33].

created in the down bruise strength and it decreases the
material strength in the loading, less than material fatigue
and can decrease the operating life of the part.
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TaBLE 13: Comparing obtained results from 1/4 modeling and complete modeling.

Sample Complete sample  1/4 sample joint-free Percentage =~ Complete sample 1/4 sample joint-joint  Percentage

dimensions joint-free boundary conditions difference joint-joint boundary conditions  difference

blw=1 87.578 87.484 0.107333 151.75 145.69 3.99341

blw=1.5 36.288 36.575 0.784689 144.80 140.18 3.190608

blw=2 23.584 23.589 0.021201 190.65 189.39 0.660897

TABLE 14: Modeling parameters.

b (mm) Plate length

w 30 (mm) Plate width

a (mm) Size of yielding area

r (mm) Cavity radius in plate center

H 1.5 (mm) Plate thickness

E, 50 (MPa) Young’s modulus in line with fibers

E, 15.2 (MPa) Young’s modulus in the vertical direction in line with fibers

E3 15.2 (MPa) Young’s modulus out of plate

Nul2 0.254 Poisson’s ratio

Nul3 0.254 Poisson’s ratio

Nu23 0.428 Poisson’s ratio

GI2 4.7(MPa) Shear modulus in 1 and 2 plates

Gl13 4.7(MPa) Shear modulus in 1 and 3 plates

G23 3.28(MPa) Shear modulus in 2 and 3 plates

K.= (N, *w)/(E, * h*)

Critical load of dimensionless tension

TaBLE 15: Explained ratios for analysis and modeling.

Sizes of dimensionless . .
Size ratios in sample

sample

alr 0,0/25,0/5,0/75,1,1/25,1/5,2,2/5
rlw 0/1, 0/15, 0/2

blw 1, 1/5, 2

4.1. Geometry Specifications of the Sample. The model has
30 mm width and length to width ratios are 1, 1.5, and 2,
also the plate has a central cavity whose radius was
designed in a ratio of 1% of the plate width, also these
radii were generalized for 0/15 of plate width and 0/2 of
plate width ratios. In modeling done, yielding dimensions
were changed due to the size of central cavity (the central
cavity was designed based on the drill head diameter in
the drilling). Table 13 shows the different ratios used in
this modeling. Due to the importance of boundary
conditions in the tension treatments of plates, the four
joint edge and two joint edge-two free edge were assessed
in this research (Table 14). Since, the pressure loading is
applied to two edges of the plate equally, and the object
has geometry symmetry, assessment of available sym-
metry in the model is possible. In the researches done,
with observance to the sustainability definitions and the
symmetry conditions of samples, it has been modeled in
the form of 1/4 (Table 15):

(1) Many elements existed in the complete modeling
than 1/4 modeling.

(2) Frugality in the solution time and modeling also
prevents available problems in the complete
modeling.

FIGURE 20: Plate under pressure loading.

4.2. Loading and Boundary Conditions. In this modeling, the
main purpose is assessing the effects of plate dimensions, the
cavity, and yielding on the value of critical tension load, so
the loading is a kind of pressure loading which is applied to
two edges parallel with y axis, since the model is designed as
1/4, just one outside edge of plate which is parallel with y axis
has been applied under the pressure loading. The sym-
metrical boundary conditions are used for two internal edges
of plate, the edge which is perpendicular to x axis and
parallel to y axis, is limited in line with x. U; =0 and its
derivatives means Ug; =0 and Uy, =0 also were closed. For
meshing of the modeling done, because of being three-di-
mensional and also available sensitivity, the crack modeling
is used with high rank cubical elements with 20 knots, this
element is known as C3D20R, in Abaqus software. Of
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1: EigenValue = 135.57
Primary Var; U, Magnitude

FIGURE 21: Plate meshing, front plate view of x-y. Figure 25: Tension mode for plate with 1/5 length to width ratio
and 0/2 radius to width ratio without yielding.

U, Magnituc
- +1.0

\ ot
StepusStep-1
Mode 1: EigenValue = 134.73
Primary Var: U, Magnitude. -

FIGURE 26: First tension mode for plate with 1/5 length to width
ratio and 0/2 radius to width ratio with 0/25 yielding ratio.

FIGURE 22: Meshing cantors around of crack tip.

Step: Step-1
Mod 1: EigenValue = 86.562
Primary Var: U, Magnitude

FIGURE 27: First tension mode for plate with 1/5 length to width
ratio and 0/2 radius to width ratio with 0/5 yielding ratio.

course, available sensitivity in the tip of the crack, causes the
elements be small enough in that area, and the wedge ele-
ments are used in the tip of the crack. Also based on the
linear fatigue mechanics, the middle knots available in the
tip of the crack were transferred to 1/4 of crack. In
Figures 20-22, the singularity of the elements of the crack tip
is showed, also based on the elastic linear fatigue mechanics,
the middle transfer of the elements of the crack tip to 1/4 of
FIGURE 24: Location of yielding in plate. their contour till crack tip is observable.
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+1.001e+00

Step: Step-1
Mode 1: EigenValue = 52.053
Primary Var: U, Magnitude

Step: Step-1
Mode 1: FigenValu:
Primary Var: U, Magnitu

FIGURE 29: First tension mode for plate with 1/5 length to width
ratio and 0/2 radius to width ratio with 1 yielding ratio.

r(w): 0.10

—o— b(w):1
—e— b(w):1l.5
b (w):2

FiGure 30: Dimensionless figure of tension coefficient according to
crack length to radius ratios and different length to width for cavity
with 0/1 ratio.

Figures 23 and 24 present the overview of the plate and
also its meshing kind. One of the most important points in
the three-dimensional models is the number of general and
local granulation. Because the elements ring around the tip
of the crack, and their growing up ratio, the number of seeds
should be selected in the method which is creating the zero
elements to be impossible (the zero elements are those ones
in which their sides ratio has a lot of difference with each
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r(w): 0.15
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w
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-~ b(w):1l5
b (w):2

FiGure 31: Dimensionless figure of tension coefficient according to
crack length to radius ratios and different length to width for cavity
with 0/15 ratio.
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F1GuRre 32: Dimensionless figure of tension coefficient according to
crack length to radius ratios and different length to width for cavity
with 0/2 ratio.

other). This matter is possible through the experience in
meshing, using of different patterns for meshing, and correct
granulation of elements ring around the crack line and the
whole of the plate.
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For example, critical modes of the tension for the plate
with 1/5 length to width ratio and 0/2 radius to width ratio
were assessed. As it is visible, by increasing the dimensions
of yielding, the values of critical tension load decreased
(Figures 25-29).

4.3. Analysis of Critical Tension Load Value for a Plate with
Different Radii. In Figures 30 and 31, effects of the cavity
dimensions on the critical tension load were assessed. As it is
visible, for a specific radius without yielding, value of the
critical tension load for the plate, gets bigger with length to
width ratio. Also, by increasing the yielding area and con-
verting the general tension to local tension, these values get
convergent. Another visible point is increasing the difference
of general tension values by increasing the cavity radius, in
different length to width ratios of the plate. This matter
shows the effect of cavity dimensions on the critical load of
general tension in the plate, in Figure 32, the values of critical
tension load for the plate including cavity with specific
dimensions were expressed.

5. Conclusion

The figures showed that the plates with SSSS boundary
conditions (joint-joint boundary conditions) have a higher
value of critical tension load than that of SFSF boundary
conditions (joint-free boundary conditions). While, in the
joint-free boundary conditions, the critical tension load is
decreased by increasing the length to width ratio, and in
most cases, the tensions are a kind of general. Therefore,
through the assessment and detailed analysis of tension, the
permissible tension of desired cross section can be deter-
mined, until we do not exceed from the limit which this is
the main step in designing of the machinery and the desired
structures. On the other hand, by knowing the permissible
tension and specific cross section, the maximum loading can
be calculated, and this is the quality control. By increasing
the dimensions of yielding, value of the critical tension load
is decreased, and the kind of the tension from general
tension is changed to local tension. In the joint-free
boundary conditions, because of plate tension treatment, the
effects of the yielding are decreased, and in most cases, the
tension is a kind of general one. Increase in diameter of
central cavity causes the decrease in the value of critical
tension load, of course, by increasing the length to width
ratio in the plate, effects of the central cavity will be de-
creased. Effect of edge crack on critical tension load in
perforated plate: the yielding dimensions is one of the most
important properties in the research done, yielding is an
important factor in the value of critical tension load in the
plate, in addition to the effective role on the critical tension
load, this parameter determines the kind of tension (general
or local). By increasing the dimensions of yielding, the value
of critical tension load is decreased. However, by growing
the yielding dimensions, the general tension is changed to
local tension and values of the local critical tension load in
these two boundary conditions will be convergent to each
other. For b/w =1, b/w=1/5, and b/w =2, the rate of decline
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in values of local critical tension load is, respectively, 0/89%,
16/98%, and 51/68%.

Kind of the boundary conditions has effect on the value
of the critical tension load and the kind of tension created, in
the joint-joint boundary conditions, the critical tension load
is increased by increasing the length to width ratio, and the
local tension occurred in higher yielding ratio. This is be-
cause of the tension treatment of the plate with SFSF
boundary conditions and its similarity with tension of the
columns. Surrounded kind of tension in the SFSF boundary
conditions is general tension. In the event that the SSSS
boundary conditions causes increase in the critical tension
load, and also in bigger dimensions creates the yielding, the
local tension will be the main reason of tension in the SSSS
boundary conditions. Due to the figures, for the mode which
b/w =1, the values of general critical tension load in the SFSF
boundary conditions are decreased to 40% of the SSSS
boundary conditions. Also, for b/w=1/5 and b/w=2, the
rate of decline of general critical tension load is, respectively,
72/8 and 87/7. Effect of plate dimensions (length to width
ratio) on critical tension load of perforated plate including
yielding: one of other effective and important parameters on
the critical tension load is length to width ratio of the plate,
in the SSSS boundary conditions, by increasing the length to
width ratio, value of the critical tension load is increased,
which, by increasing the length, has joint boundary con-
ditions in the direction of the load. But treatment of the
critical tension load for SFSF boundary conditions is dif-
ferent, by increasing the length to width ratio, the critical
tension load is decreased. Also, for the length to width ratios
more than 1, in most cases, the tension is a kind of general
tension. Also, due to the cavity dimensions and boundary
conditions, range of the tension kind changes from general
tension kind to local tension kind. Effect of central cavity
dimensions on critical tension load in perforated plate in-
cluding yielding: the size of central cavity radius is one of
effective factors on the critical tension load. By increasing it,
in SSSS and SESF boundary conditions, the value of the
critical tension load is decreased, but the rate of decrease, in
critical tension load, has downward trend by increasing the
length to width ratio (effect of the cavity radius on the critical
tension load will be decreased by increasing the length).
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