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Abstract

reinforcement.

The orientation of a rectangular opening in a plate subject to a uniaxial stress has an important effect on stress
distribution. In this paper, the effect of von mises stress has been investigated for various corner radius of rectangular
opening to opening width ratio of a finite rectangular plate, from this analysis the suitable model has been selected
and on the basis of that model the effect of von mises stress also has been investigated for various opening width
to length ratio and from this analysis most desirable model has been selected when the value of opening width to
length ratio is 0.5. Openings are reinforced to restore partially the effective cross section area and reduce stress
concentration. In this paper, the effect of von mises stress on various types of reinforcements have been investigated
and from this analysis it has been observed that single doubler plate gives the most suitable reinforced model.
Finally, the convergence test has been performed for the most suitable reinforced model. The aim of this paper is to
analyze a finite steel plate with a rectangular hole subjected to uniaxial stress and observe the effect of variation in
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Introduction

A rectangular elastic plate with central hole under static loading,
have found widespread applications in various fields of engineering
such as Aerospace, Marine and Automobile. For design of plates with
hole, accurate knowledge of deflection and stress are required. Stress
concentration arises from abrupt change in geometry of plate under
static loading. As a result, stress distribution is not uniform throughout
the cross section. Failures such as fatigue cracking and plastic
deformations frequently occur at points of stress concentration. Since
stress concentration can be a critical condition in many cases, engineers
have worked on the stress concentration effect. It is, however, almost
impossible to have a structure without the stress concentration effect.
Our issue was not to remove the stress concentration from the structure
but to minimize the effect on structures. The designer is always faced
with the problem of stress concentrations at sections having abrupt
changes of shape. The best that can be done is to minimize their effects.
A study of the stress concentration curves for various geometries show
that, in general, the sharper the corner and the larger the magnitude the
change in contour, the worse will be stress concentration. The presence
of holes in the structure makes it prone to stress concentration and the
stress near the stress raisers becomes larger than the nominal stress by
a certain amount. This stress can be found by experimental, analytical
and numerical method. Though experimental methods give the most
reliable results, it is very costly, as it requires special equipment’s, testing
facilities etc. Analytical solution of every problem is almost impossible
because of complex boundary conditions and shapes. For this reason the
numerical methods had become the ultimate choice by the researchers in
the last few decades. Invention and rapid improvement of the computing
machines i.e. sophisticated high performance computers, also played an
important role for the increasing popularity of the numerical methods.

Stress analysis of a steel structure with holes requires the solution
of partial differential equations. There are various numerical methods
available for the solution of partial differential equations. Among them
most popular methods are Finite Element Method (FEM) and Finite
Difference Method (FDM). The Finite Element Method is a numerical
technique for obtaining approximate solution to a wide variety of

engineering problems. FEM divides the structure in to small but finite,
well defined, elements. In this analysis, finite element analysis software
ABAQUS has been employed to find out the localized stresses in the
plate.

Literature Review

The referenced collection of stress concentration factor data is in
Peterson [1]. This book compiles the theoretical and experimental results
of many researchers in to useful design charts from which the values
of stress concentration k (for normal stress), for various geometric
parameters and types of loading can be read. Rorak and Young [2] also
provide tables of stress concentration factors for a number of cases. The
ratio of the maximum stress over the average stress computed in the

critical section of the discontinuity isk=0,_ /o

Where 6, and o are the maximum stress and applied stress,
respectively. The value of k was plotted by Frocht (discussed by Beer
and Johnston [3]). Amelio M. D’Arcangelo [4], investigated the variation
of the maximum stress concentration factor as a function of the corner
radius to the opening width ratio in a rectangular plate with a central
hole. Therefore, more study or more investigation is required to
minimize the stress concentration effects of the structure.

Description of the Problem

The geometry of the problem has been shown in Figure 1. The
material of the plate is 0.2% C hot rolled steel; Poisson’s ratio v=0.30,
Young’s modulus E=200GPa, Yield Strength Y=250MPa [5]. Plate
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length L=1.016 m, plate width W=1.3462 m, plate thickness t=0.00635
m. Uniform tensile load (6 ) 34MPa is applied to the plate’s lengthwise
direction and in this case one-quarter of the full area, with loading and
boundary conditions is needed to solve stresses [6,7].

Results and Discussion

Opening in ship structures are made for access, cargo handling,
passage of pipes, ducts and cables, lightening of the structure, drainage
and air escape, weld relief, etc. Figure 2. Any opening in a stressed
structural member, no matter how small or how well designed and
fabricated, always causes a stress concentration. Ship openings that T G GRB I WSNRERT 11 01 o oo i T 24
are improperly designed, poorly located, or involve bad workmanship
in cutting and welding may lead to serious structural failures. To
serve as a guide, some simple rules resulting from experience and
experimentation will follow [8]. These rules will deal with opening
control, opening location and workmanship, rounding of the corners,
relative size, shape, proportions and reinforcements Figure 3. In this
section maximum Von mises stress for different corner radius to
opening width ratio (1/b), opening width to length ratio (b/a) and the
effect of various reinforcements of the centrally rectangular hole in
the elastic plate have been determined with the help of ABAQUS. The
results have been displayed with the help of graphs, tables and figures.

Figure 3: stress distribution around opening for r/b=1/5.

Effect of various corner radius to opening width ratio (r/b) on
von mises stress for b/a=0.5
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The stress concentration factor in a rectangular opening is strongly
influenced by the ratio r/b. In this ratio r is the radius at the corner of
the rectangular opening and b is the width of the opening Figure 4. A

Figure 4: stress distribution around opening for r/b=1/6.

value of r/b between one-fourth and one-eight is used in shipbuilding.

In this analysis value of 1/b between one-fourth and one-seventh has

-

been used Figure 5.

It has been observed from Figure 6 that maximum von mises
|——a——| ) stress for a central hole in a rectangular plate for r/b=1/4 is 106 MPa.
f + The maximum von mises stress increases with the decreasing values
T w of r/b. So, a generous corner radius is fundamental to reduce stress

concentration.

ain
T

Effect of various opening width to length ratio (b/a) on von
mises stress for r/b=1/4

Figure 1: Rectangular plate with centrally located hole under uniform tensile The b/a ratio of an opening in a stressed plate, has a definite

loading. . . . .
& influence on the value of maximum stress concentration factor Figures

7-10. Where b (opening width) is the dimension across the direction
of tensile load and a (opening length) is dimension in the direction of
tensile load. In this analysis value of b/a between 3 and 0.5 has been
used [9].

It has been observed from Figure 11 that maximum von mises
stress for a central hole in a rectangular plate for b/a=0.5 is 106 MPa.
The maximum von mises stress increases with the increasing values of
b/a. It is seen that a change of b/a from one-half to three almost doubles
von mises stress. So, to keep the stress concentration factor low, it
is necessary to keep the long dimensions of openings parallel to the
direction of load Figure 12.

Effect of various types of reinforcements on von mises stress

Figure 2: stress distribution around opening for r/b=1/4.

Openingsare reinforced to restore partially the effective cross section
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Figure 5: stress distribution around opening for r/b=1/7.
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Figure 6: Effect of various r/b on von mises stress for b/a=0.5.

Figure 7: stress distribution around opening for b/a=3.

area and reduce stress concentration. Actually, in way of an opening,
no amount of restored material (reinforcement), however disposed,
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Figure 8: stress distribution around opening for b/a=2.

Figure 9: stress distribution around opening for b/a=1.

Figure 10: stress distribution around opening for b/a=0.5.

von mises stress (pa)

5 OOE4008 b/a-von mises stress curve —a—r/b=1/4

1.80E+008

1.60E+008

1.40E+008 ]

1.20E+00§

1.00E+0 s 10 15 50 75 30 3.5

b/a

Figure 11: Effect of various b/a on von mises stress for r/b=1/4.
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Figure 12: Effect of 40 percent reinforcement on von mises stress.
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Figure 13: Effect of 60 percent reinforcement on von mises stress.

can reduce the stress concentration to unity or restore the complete
strength of the uncut plate Figure 13. Three types of reinforcement are
used almost exclusively in welded construction, namely: single doubler
reinforcement, face bar reinforcement and insert plate reinforcement
Figure 14.

When the percentage of reinforcement will greater than the optimum
indicated in Table 1, the reinforcement acted as a rigid inclusion in the
body plate and failure occurred in the weld joining the outer edge of
reinforcement to the body plate. In this analysis a rectangular plate with
a central hole whose b/a=0.5, r/b=1/4 and maximum von mises stress
was 106 MPa has been taken and various types of reinforcements have
been employed Figure 15.

It has been observed from Figure 16 that maximum von mises
stress decreases with the increase of reinforcement and maximum
von mises stress for 100 percent reinforcement is 65 MPa. 100
percent reinforcement gives almost double stress than the applied
stress (34 MPa). So, when the single doubler plate has been used, to
obtain its maximum efficiency, it is necessary to use 90 to 100 percent
reinforcement [10].

Effect of thickness change of reinforcement on von mises
stress

The change of thickness of reinforcement has an important effect
on von mises stress. In this analysis various types of thickness are

employed in the 100 percent reinforced model whose b/a=0.5, r/b=1/4
and maximum von mises stress is 65MPa Figures 17-20.

It has been observed from Figure 21 that maximum von mises stress
decreases with the increase of the thickness change of reinforcement

Figure 14: Effect of 80 percent reinforcement on von mises stress.

Type of reinforcement Optimum percentage
single doubler plate 90-100
Face bar 34-40

Insert plate 30-60

Table 1: Optimum percentage of reinforcement.

Figure 15: Effect of 100 percent reinforcement on von mises stress.
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Figure 16: Effect of various types of reinforcements on von mises stress.
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and maximum von mises stress for 120 percent thickness change of
reinforcement is 59 MPa. 120 percent thickness change of reinforcement
gives almost 1.75 times stress than the applied stress (34 MPa).

Mesh convergence test

It is important that to use a sufficiently refined mesh to ensure that
the results from ABAQUS simulation are adequate. Coarse meshes can
yield inaccurate results in analyses. The mesh is said to be converged
when further mesh refinement produces a negligible change in the
solution. In this analysis various types of mesh are employed in the 100
percent reinforced model whose b/a=0.5, r/b=1/4 and maximum von
mises stress is 65MPa [11].

From Table 2 it has seen that the coarse and normal mesh predicts
less accurate von mises stress due to skewness effect at the corner of the

Figure 17: Effect of 60 percent thickness change of reinforcement on von
mises stress.

Figure 20: Effect of 120 percent thickness change of reinforcement on von
mises stress.
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Figure 18: Effect of 80 percent thickness change of reinforcement on von
mises stress.
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Figure 21: Effect of various thickness change of reinforcement on von mises

stress.
Mesh Maximum von mises stress
Coarse 5.74E7
Normal 5.96E7
Fi 19: Effect of 100 t thick h. f reinf t Fine 6.49E7
igure 19: Effect of percent thickness change of reinforcement on von -
mises stress. Very fine 6.55E7

Table 2: Results of mesh refinement study.
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opening. The maximum von mises stress converges much more slowly
because stress are calculated from displacement gradients; thus, a much
finer mesh is required to predict accurate maximum von mises stress.

Conclusion

In this study Finite element method is used for the solution of two
dimensional problems of rectangular plate having centrally located
holes. Finite element results have been carried out by using commercial
software ABAQUS. The following conclusions can be drawn in regard
to the present study:

1. The maximum von mises stress increases with the
decreasing values of r/b. So, a generous corner radius is fundamental to
reduce stress concentration.

2. The maximum von mises stress increases with the increasing
values of b/a. A change of b/a from one-half to three almost doubles
von mises stress. So, to keep the stress concentration factor low, it
is necessary to keep the long dimensions of openings parallel to the
direction of load.

3. The maximum von mises stress decreases with the increase
of reinforcement and 100 percent reinforcement gives almost double
stress than the applied stress.

4, The maximum von mises stress decreases with the increase of

the thickness change of reinforcement.
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