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SUMMARY::

The effect of stress concentration and deflection in plates with circular holes subjected to
concentrated load is studied. Different hole sizes and distance from the plate center (x) are tested
experimentally and compared with a reference plate without hole. The specimens are classified into
two groups, the first represents specimens containing hole leis in the x-axis of the plate group (A) ,
and the second group represents the specimens containing two half hole leis at the edge of plate
group (B). The results are analyzed using finite element method (FEM), which gives good
agreement with the experimental deflection data. The specimens which have central hole group (A)
or side two half hole with the same diameter group (B) give lower deflection than that the plate
without hole for the same cross sectional area. Increasing hole diameter gives a reduction in the
deflection values for each specimen. Group (B) give a higher deflection value for a wide range of (x)
as comparing with those of hole specimens group (A). The maximum stress (cx) is higher in groups
as comparing with the reference plate for wide range of (x). When this distance (x) increased, the
value of maximum stress is reduced for groups. The same behavior is found when increasing the
hole diameter.

Key words: Stress Concentration and Deflection, Plates under static loading.

IS e Jaa Lpale halowd) ilbal) 8 Cil adY) g Al 38l Julas

paA G il gllae 2
30 Luwa M
)5y - 4,583 A,1SY)

s ualilical)

Ledl yail e 58 paie e Lgle Jalusal) 3, 00 5 mill Cld il 8 ol ast) 5 dleal¥) S a8 ils Al 0 s

Lulal daghia se Ll dagiiall )sfggm‘mg;,umj?\#egg Dhial & Jaadl 138 8 e slgal oall
(B) &5 ¢ Axall i) ) smdll Lo a8l 55 928 (5 905 (A) (Y] e sme () Sl il o iy st o g 51y
& A e Baa il Ciae ) il g caasal) jaliall 38y Hlay il Jilas 23| Asgbiall Gl die Aa8) 55 sadl) il (g a0
e s 5 pull) daioall ae 4 )l i ol el late cilae | Gl (e A 5 Y1 Ao penall | Alasll il
‘519\ &J\);J\ ke Calae Ll Ae gandll WM\M&J\F\J\ Dhte jlass sz\ L;Ji 5 onall had 3ol ) Cayead
Gl e 4 )lie e genall & el (5 (0x) sleal oaal o L LS (X)) clilisdll (o gl 5 520l 5V pe 4l

165


mailto:akhuder@yahoo.com

AL-Qadisiya Journal For Engineering Sciences ,Vol. 6.No 2 Year 2013

vie (o peail) G ddaale i WS oy gal il (i ddliall elli 0l ) vie 5 (X) Slilaall o gl 5 (520l B sad ()5
Boadll Hhad gl )
1. INTRODUCTION:

In order to link the concept of stress concentration with the elasticity theory, it is necessary to
determine the stress field around the hole in an infinite plate. The analysis of stress concentration
factor (SCF) of adjacent holes in a spherical pressure vessel can be approached by considering
a thin plate undergoing hydrostatic stresses [1].

The von Misses stress is considered to determine the SCF, various arrangements of adjacent
holes are investigated i.e., two, three, four, and five adjacent holes are taken into account. The SCF
curves with respect to the ratio of the distance between adjacent holes to the diameter of hole, (L/d),
and for a certain ratio of the diameter of hole to the plate thickness, (d/t), are then plotted. The
results show that the decreasing of (L/d) will affect the increasing of SCF, while for the case of five
adjacent holes configuration, the increasing of (d/t) doesn’t make any significant effect to the
increasing of SCF [2].

Examines the efficiency of an adhesively bonded reinforcement patch in reducing the stress
concentration around a hole in a plate, as a function of hole size. A stress concentration factor is
defined as the tangential stress in the plate at the hole boundary, compared to that far away in the
plate but still under the reinforcement [3].

The distributions of stresses and deflection in rectangular isotropic and orthotropic plates with
central circular hole under transverse static loading have been studied using finite element method
(FEM). The (D/A) ratio (where (D) is the hole diameter and (A) is plate width) is varied from (0.01-
0.9). The analysis is done for plates of isotropic and two different orthotropic materials. The results
are obtained for three different boundary conditions. The variations of SCF and deflection with
respect to (D/A) ratio are presented in graphical form and discussed. The finite element formulation
is carried out in the analysis section of the package [4].

In the case when an anisotropic plate contains a triangular, oval, or square opening, the only
solution available in the literature is an approximate solution for orthotropic plates with openings.
The solutions presented here have only one simple unified expression for various openings such as
the ellipse, circle, crack, triangle, oval, and square. Two special loading conditions are considered
form. The results show that the effect of an isotropy on the stress concentration is totally determined
through the fundamental elasticity matrices [5].

2. MATERIAL DESCRIPTIONS AND SPECIMENS PREPARATION:

The material used in this work is pure Aluminum (AA1050) where the chemical composition is
listed in Table (1). A tensile test specimen is machined as in Figure (1) to achieve the mechanical
material properties.

The dimensions of reference plate used in this work is made from a sheet of plate have
a thickness of (t = 1mm); a width (w = 21mm) and a length of (L = 90mm). The cross sectional area
of this plate is (21 mm?). The value of cross sectional area will be assumed as a reference to
compare the results. Two groups of holed plate are prepared such that the cross sectional area
remains the same as in the reference plate.
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2.1 Group (A):

To explain the effect of central hole on the values of stress and deflection, the plate is drilled
with central hole along the longitudinal center line. Hence the width of reference plate (W=20mm).
Specimens are made such that the net width remains the same and results in equal cross sectional
area. The center of hole is the same that the center of plate, that means the distance (x) in Figure (2),
(x=0 mm). The net sectional area of this group (A) is shown schematically in Figure (3). Therefore,
the width and hole diameter values of specimens are assumed as in Table (2).

2.2 Group (B):

The same specimen dimensions mentioned in group (A) are made for group (B). but the hole is
divided in two half circle at the edges of plate to predict and compare the effect of side half holes
with that the same of central hole, as shown in Figure (4). The cross section area of this group (B)
is shown schematically in Figure (5).

3. EXPEREMENTAL WORK:

A concentrated force is applied along the center line of plate parallel to the width of plate. This
force will give a maximum deflection in the center line of plate, Figure (6). The concentrated load
is increased gradually from zero value until reach the value of (F=10N) where the deflection of
plate is record.

4. FINITE ELEMENT MODEL.:

The stress and deflection of plates are analyzed with finite element method. The following steps
are done for each plate [6]:

e Define the element type (elastic 4 nodes 63).
Define the real constant for the above element (using thickness t = 1mm).
Define the material property (E=70000 N/mm?, v = 0.3).
Molding area (drawing the specimen groups and the reference plate).
Meshing the specimen with fine mesh.
Applying the boundary conditions.
Applying the concentrated force (F=10N).
Solve the current model.
Plot the results of stress and deflection for each specimen.

5. RESULTS AND DISCUSSIONS:

The results of this work can be classified into:
e Central deflection results include the experimental and the FEM results.
e Results of maximum stress in plate (6x).

To compare the results between all specimens with the reference plate, the same cross sectional
area, the applied concentrated load (F=10N) and the boundary conditions are used as mentioned in
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the experimental work. Figure (7) represents the variation of central deflection with the horizontal
distance for five widths of specimens (W=27-35mm), group (A).

As comparing with the reference plate, the deflection of plates for group (A) is lower than that for
the reference plate. That means; making a central hole in the plate will result in decreasing the
deflection (for the same cross sectional area, force and boundary conditions). Also for the same hole
diameter, the deflection will decrease as the horizontal distance (x) increase for each specimen.
Increasing the hole diameter for the same value of (x) results in decreasing the value of central
deflection.

Figure (8) represents the behavior of deflection with the distance (x) for five specimen widths
(w=27-35mm), group (B). Where the deflection for all specimens is lower than that of the reference
plate and decrease with increasing hole diameter for the same distance (x). It has been shown that
the deflection increases gradually for each specimens width with increasing the distance from
(x=0-5) mm, and reach maximum value at (x=5mm).After this, the deflection decreases with
increasing (X).

A sample specimen is taken to show the results of stress distribution in the x-axis (ox) for all
nodes of plate specimen. The specimen is from group (A) with the dimensions of (W=35mm,
d=14mm), where the distance have a range of (x=0, 5, 10, 15, 20, 25 mm) in Figures (9-14)
respectively. It has been observed that the maximum stress decreases from (cx=82MPa) found
around the hole, Figure (9), and (cx=45 MPa) found at the center of plate.

The maximum stress found around the hole has a small amount as shown in Figures (9 -11),
(x=0, 5, 10 mm). This is due to the effect of stress concentration in the curved area of hole circle.
This effect reduces gradually as the distance (x) increases and the amount of maximum stress will
appear in the center of plate as in Figure (12), (x=15mm). The amount of maximum stress will be
larges in the plate center than that around hole, Figure (13), (x=20mm).

When the value of (x) reaches (x=25mm), Figure (14), the maximum stress is appears at the
center of the plate, where the effect of the curved area is diminished. That means the effect of
concentration of stress around hole is reduced as the distance (x) increases.

6. CONCLUSIONS:

The following conclusions are presented:

1- The specimens which have central hole group (A) or side hole group (B) gives small deflection
than that the plate without holes, the value of central deflection is decrease with increasing the
distance (x) for groups.

2- Increasing hole diameter gives a reduction in the deflection values for each specimen of groups.

3- The maximum stress (ox) is higher in groups as compared with the reference plate for wide range
of (x). Increasing the distance (x) reduce the value of maximum stress for groups.

4- Maximum stress is at the center of specimens for the ranges (x=0 -15mm).and the maximum
stress is found only at the center of specimens for the value of (x=25mm).

5- The amount of maximum stress transfers from the location of hole surrounding to the plate center
as the distance (x) increases.
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Table (1) Chemical compositions of Aluminum specimens (AA1050).

Al Si Fe Cu Mg Mn Cr Ni Zn Ti Ag B Bi Be
99.5]0.173 ] 0.225 ] 0.0125 | 0.0045 | 0.0215 | 0.0043 | 0.0051 | 0.0113 | 0.0163 | 0.00062 ] 0.0028 | 0.001 | 0.0028
Ca Cd Co La Li Na P Pb Sn Sr V Zr
0.00045 | 0.00035 | 0.001 | 0.0021 | 0.0005 | 0.0002 | 0.00099 | 0.001 | 0.0027 | 0.001 ] 0.0001 | 0.005 ] 0,0003

Table (2) Dimensions of group (A) specimens.

Specimen No. 1] 21]3 4 5

w(mm) 27129 ]131] 33 |35
d(mm) 6 ] 8110 12 ] 14
t(mm) 11111 1 1

A=(w-d)*t 2121 ]21] 21|21

Figure (1) Tensile test specimen.
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Figure (2) Shape of group (A) specimens.
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Figure (3) Cross sectional area of group (A) specimens.
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Figure (4) Shape of group (B) specimens.
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Figure (5) Cross sectional area of group (B) specimens.
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Figure (6) Boundary conditions and concentrated load of specimens.
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Figure (7) Variation of central deflection with the distance for group (A).
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Figure (8) Variation of central deflection with the distance for group (B).
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Figure (9) Variation of stress (ox) for the distance (x=0 mm).

173



AL-Qadisiya Journal For Engineering Sciences ,Vol. 6.No 2 Year 2013

1
NODAL SO0LUTION AN

STEP=1 WOV 26 2010
.5 09:29:13
TIME=1

sX (AVG)

RSY5=0

DMX =.813441

SMN =-75.429

SMX =75. 47

-75.429 -41.905 -8.381 25.143 58.667
-58.667 -25.143 8.381 41.905 75.429

Figure (10) Variation of stress (ox) for the distance (x=5 mm).
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Figure (11) Variation of stress (ox) for the distance (x=10 mm).
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Figure (12) Variation of stress (ox) for the distance (x=15 mm).
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Figure (13) Variation of stress (ox) for the distance (x=20 mm).
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Figure (14) Variation of stress (ox) for the distance (x=25 mm).
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