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Abstract - This paper deals with the behavior of
stiffened plates subjected to different loading
conditions. Finite element method is used for modelling
and analysis of the stiffened plates. The maximum
deflection at the center of bare plate is verified with the
reported results. A parametric study is carried out to
estimate the maximum deflection and stress in the
isotropic plates by varying the geometry of stiffener
keeping the constant volume of material.
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1. INTRODUCTION

A plate is a flat structural element in which the thickness is
very small compared to the surface dimensions. A plate is
characterised based on its thickness as very thin if width
to thickness ratio is greater than 100, moderately thin if
ratio fall between 20 to 100, thick if fall between 3 to 20
and very thick if less than 301,

Of the available plate theories, following two are widely
accepted and used[?],

The Kirchhoff-Love theory of plates (classical
plate theory)

The Mindlin-Reissner theory of plates (first-order
shear plate theory)

Although thick-plate formulation is recommended in
general because it tends to be more accurate. For thin-
plate bending problems in which shear deformation is
truly negligible, the use of thick plate formulation is in
practice because of its easy application. However, the
accuracy of thick-plate formulation is sensitive to mesh
distortion and large aspect ratios, and therefore should
not be used in such cases when shear deformation is
known to be small.

The economical design of plate can be obtained by using
stiffeners instead of increasing the thickness of plate.
Stiffeners are secondary plates or sections used to stiffen
the primary element or member. Stiffened plates are
widely used in different fields of engineering viz. ships,
aircrafts, airframes, chemical industry structures etc. The
stiffened plates are needed to avoid the use of thick plates
that produce high weight for the structures. Stiffened
plates are light weight, high-strength structural
elementsl®l. The stiffeners enhance the rigidity of base
structures by increasing their cross sectional moment of

inertial4l. The configuration of the stiffeners should be
consistent with the natural modes likely to be excited by
the service loads, so as to arrive at a design with a high
strength-to-weight ratiolsl.

The optimum locations of the ribs or stiffeners for a given
set of design constraints were studied by Hasanll. The
authors found the best design of stiffened plates when
stiffeners were used on either side of square plate. The
stiffened clamped plate subjected to a pressure was
studied by Yousif et al.[3l. The investigation carried out to
find out the optimum height which was found to be in
between 40 and 50mm. The relationship between the
deflections of a clamped plate subjected to pressure was
studied by Pedatzurl’l. The stiffened plates for various
types of loadings and stiffeners shape were investigated
by Viragl8l. Author concluded that the trapezoidal stiffener
is the most economic one. The cost saving can be 69%
when compared with various ribs. Paykani et. al.lf]
investigated the bending of an isotropic rectangular plate
for various boundary conditions using MATLAB code and
ANSYS. Classical plate theory (CPT) and plane stress
assumption were used.

2. THEORETICAL FORMULATION

The Kirchoff-Love and Reissner-Mindlin FSDT are well
known in literature. The descriptions for these
formulations are circumvented here in for the sake of
conciseness of this paper. Only the Finite element
modeling is presented in the next section, for
completeness of the paper and convenience of the reader.

3. FINITE ELEMENT MODELLING

Finite element modeling consists of four steps: creating
the geometry of the model, generating a mesh for the solid
mesh (i.e. dividing the model into elements), applying
boundary conditions and loadings, and final is solution. A
number of finite element based computer programs
(NASTRAN, PATRAN, MARC, CATIA, ANSYS etc.) may be
used for the analysis of stiffened plates. ANSYS Workbench
15 is used in the present investigation.

A square plate of size 1000x1000x10mm, shown in Fig-
1(a), is consider in the present study and the different
dimensions of stiffeners are used to attach with the plate
by keeping the constant volume of material (10320000
mm?) throughout which is presented in Table-2. Although
a many shapes of stiffeners may be used to strengthen the
plates to increase the stiffness of the structures like flat, L-
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shape, trapezoidal or other shapes(é however, a flat plate
stiffener is used in the present study which is shown in
Fig-1(b).
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Fig-1: Geometry of stiffened plate

At first a convergence study is carried out to decide the
mesh size for modelling the bare plate. The investigation is
carried out for the maximum deflection value at the center
of the plate. The obtained results are shown in Fig-2. It is
observed that the results are coming very close when the
mesh size is 20x20. So, the mesh of 20x20 is adopted for
modelling the plate in other problems which are
presented below.
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Fig-2: Convergence study

SOLID73 element is used for modelling the square plate
and BEAM3 element is used for modelling the stiffener
which is shown in Fig-3. The SOLID73 element is defined
by eight nodes having six degrees of freedom at each node:
translations in x, y, and z directions and rotations about x,
y, and z axes. BEAM3 element is a uniaxial element with
tension, compression, and bending capabilities which is
used as stiffener. The element has three degrees of
freedom at each node: translations in x and y directions
and rotation about z-axis.

1 —— 10 mm
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B B e B

Fig-3: Meshing of stiffened plate

4. RESULTS AND DISCUSSIONS

Different examples are studied in the present study. In
example 1, a bare plate is analysed for point and uniformly
distributed load for fixed and simply supported edges
boundary conditions. In example 2, a parametric study is
carried out for different combinations of stiffener plate
geometry. In example 3, a parametric study is carried out
further for 5 kN and 5 kN/m?2 loads for fixed and simply
supported edges boundary conditions with different
combinations of stiffener plate geometry. In example 4, a
bare plate is analysed to estimate the deflection and the
corresponding stress. In example 5, maximum deflection
and the corresponding stress are calculated for stiffened
plates.

4.1 Example-1: A bare square plate of size 1000x1000%10
mm is analysed first to determine the maximum deflection
at the center of the plate for different loading and
boundary conditions. The obtained results are presented
in Table-1 and compared with the reported results
published by Timoshenko & Kriegerf0. The maximum
deflection and stress for point (1 kN) or uniformly
distributed load (1 kN/m?2) for both boundary conditions
are shown in Fig-4.
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Table-1: Validation of results for bare plate

Boundary
S. and
loading
conditions

Deflection
(mm)
obtained
by ANSYS

Deflection
(mm)
calculated
by formula
given by
Timoshenko
[10]

Percentage
error (%)

Table-2: Dimension of stiffener plate keeping thickness,
height and length constant

S. No.

Thickness

(mm)

Length

(mm)

Height

(mm)

Case-I: Dimension of stiffen

constant, varyin

er plate keeping thickness
height by 5mm

All  edges
fixed with
uniformly
distributed
load (1
kN/m?2)

0.0691

0.0688

0.4288

1 10 800.0000 40
2. 10 711.1100 45
3. 10 640.0000 50
4. 10 581.8190 55
5. 10 533.3300 60

All  edges
fixed with
point load
(LkN)

0.3440

0.3712

7.3529

Case-1l: Dimension of stiffener plate keeping thickness

constant, varying

length by 50m

m

All  edges
simply
supported
with
uniformly
distributed
load (1
kN/m?2)

0.2222

0.2279

2.5230

All  edges
simply
supported
with point
load (1
kN)

0.6346

0.6334

0.1862

4.2 Example-2: In this example, a parametric study is
carried out for different combinations of stiffener plate
geometry which is given in Table-2. The models are
analysed for varying point load (1 kN, 2 kN, 3 kN, 4 kN and
5 kN) and uniformly distributed load (1 kN/m2, 2 kN/m2, 3
kN/m2, 4 kN/m2 and 5 kN/m2) for simply supported and
fixed edges boundary conditions.

6. 10 750 42.6700
7. 10 700 45.7143
8. 10 650 49.2310
9. 10 600 53.3300
10. 10 550 58.1818
Case-I1l: Dimension of stiffener plate keeping length
constant, varying thickness by 2mm
11 12 650 41.0256
12 14 650 35.1648
13. 16 650 30.7692
14, 18 650 27.3504
15. 20 650 24.6154
Case-1V: Dimension of stiffener plate keeping length
constant, varying height by 5mm
08.2051 650 60
16.
08.9510 650 55
17.
09.8461 650 50
18.
10.9400 650 45
19.
12.3077 650 40
20.
Case-V: Dimension of stiffener plate keeping height
constant, varying thickness by 2mm
21, 12 666.6700 40
22. 14 571.4286 40
23. 16 500.0000 40
24, 18 444.4400 40
25. 20 400.0000 40
Case-VI: Dimension of stiffener plate keeping height
constant, varying length by 50mm
26. 10.6700 750 40
27. 11.4286 700 40
28. 12.3077 650 40
29. 13.3300 600 40
30. 14.5400 550 40
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Fig-4: Maximum deflection and stress for point (1 kN) or

uniformly distributed load (1 kN/m2) for both boundary
conditions
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Figures 5, 6, 7 and 8 show the maximum deflection at the
center of the stiffened plate for different loading and
boundary conditions by varying the different
combinations of stiffener geometry. It is observed that the
maximum deflection of plate for 1 kN and 1 kN/m2 load is
almost same in all the cases. The deflection value is
increased with the increase of load. However, the variation
of deflection is quite large for all the cases when the load is
5 kN and 5 kN/mz2. The variation is observed to be quite
large in Il case, shown in figures 5, 6 and 7, when the
length of the stiffener is remain constant and the height of
stiffener is decreased and the thickness of stiffener is
increased. However, the large variation is observed in Vth
case for simply supported edges and uniformly distributed
load which is shown in Fig-8.
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Fig-5: Maximum deflection for point load and fixed edges
condition
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Fig-8: Maximum deflection for uniformly distributed load
and simply supported edges condition

4.3 Example-3: A parametric study is carried out further
for 5 kN and 5 kN/m2 loads for different boundary
conditions with different combinations of stiffener plate
geometry. It is found that the variation in the deflection of
stiffened plate is very less when the load is minimum. If
the load is increased the variation in deflection is quite
appreciable. So, it is very important to analyze the
stiffened plate at higher loads. The obtained results are
shown in Figures 9, 10, 11 and 12.

i

Maximum deflection for point load (5 kN) and fixed
edges condition

Fig-9:
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Fig-10: Maximun; deflection for uniformly distrib
load (5 kN/m?2) and fixed edges condition
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deflection and the corresponding stress for varying both
the loading and boundary conditions. It is observed that
the maximum deflection is not occurred at that point at
- which the stiffened plate is having high stress, which is not
| similar to that of bare plate.

—o—Scaled deflection (mm), 100 —m—Stress (MPa)

Fig-12: Max_imun_1 deflection for uniformly distributed
load (5 kN) and simply supported edges condition

4.4 Example-4: In this example, a bare plate is analysed to
estimate the deflection and the corresponding stress. The
obtained results are presented in Table-3. It is found that 2t ,
the maximum deflection is occurred at that point at which R A i
the plate is having high stress. Fig-13: Maximum deflection (scaled =100) and stress
generated for point load (5 kN) and fixed edges

u
o

Table-3: Maximum deflection and stress for bare square

p I ate —o—Scaled deflection, *80  —i- Stress (MPa)

Point Load (kN)
1.0 20 3.0 4.0 5.0

Max. 15.68 | 31.37 | 47.05 | 62.74 | 78.43
stress 61 23 85 47 09

Fixed

edge (I;/Ieall‘)l(éct 00.30 | 0061 | 00.91 | 01.22 | 0152
. 56 11 | 67 | 22 | 78

Max. 1891 | 37.83 | 56.75 | 75.66 | 94.58
Simply | stress 74 49 24 98 72
suppor | Maxim

ted um 00.63 | 01.26 | 01.90 | 0253 | 03.17
edge deflect 46 92 37 83 29
ion

Fig-14: Maximum deflection (scaled =80) and stress

I I 2
Distributed Load (kN/m generated for uniformly distributed load (5 kN/m2) and

1.0 2.0 3.0 4.0 5.0

fixed edges condition

MM 10222 | 0444 | 0666 | 0888 | 1110
00 00 00 00 00 oSt otn 10 -3 Pl

. stress
Fixed -
edge Maxim

um 00.06 | 00.13 | 00.20 | 00.27 | 00.34

deflect 91 82 73 64 55

ion

UM;X'm 0322 | 06.45 | 09.68 | 12.90 | 16.13
Simply 67 34 02 69 36
suppor Stress
ted Maxim
edge um 00.22 | 00.44 | 00.66 | 00.88 | 01.11

deflect 21 43 64 86 07 g8 3

ion 5k : BEELE - PPt

Fig-15: Maximum deflection (scaled =100) stress

4.5 Example-5: In this example, maximum deflection and generated for point load (5 kN) and simply
the corresponding stress are calculated for stiffened supported edges condition

plates. Figures 13, 14, 15 and 16 show the variation of
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—o— Scaied deflection, *50 - Sw=ss [MF3)

Fig-16: Maximum deflection (scaled =50) stress
generated for uniformly distributed load (5 kN/m?2)

and simply supported edges condition

5. CONCLUSIONS
The variation in the deflection of stiffened plates is
presented in this paper. The geometry of stiffener is varied
keeping the constant volume of material. The stiffened
plate is analysed for different loading conditions subjected
to different boundary conditions. Following are the
conclusions:

» At lower loading conditions, there is a meager

variation in the deflection for fixed and simply
supported edges boundary conditions. However,
at higher loading conditions, variation in the
deflection value is noticeable.

The geometry of the stiffeners
recommended as follows:

o Thickness of stiffener should be
approximately equal to the thickness of
the plate.

o Length of stiffener should be 65% to 75%
of the width of the plate.

o Height of the stiffener should be 4 to 6
times more than its thickness.

may be
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