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Abstract

For a given loading, the stiffness of a plate or shell structure can be increased
significantly by the addition of ribs or stiffeners. Hitherto, the optimization techniques
are mainly on the sizing of the ribs. The more important issue of identifying the
optimum location of the ribs has received little attention. In this investigation, finite
element analysis has been achieved for the determination of the optimum locations of
the ribs for a given set of design constraints. In the conclusion, the author underlines
the optimum positions of the ribs or stiffeners which give the best results.
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Introduction

The wide use of stiffened structural
elements in engineering began in the
nineteenth century, mainly with the
application of steel plates for the hulls
of ships and with development of steel
bridges and aircraft structures. Stiffened
plates now find applications in modern
industry. Stiffeners in a stiffened plate
make it possible to resist highly
directional loads, and introduce
multiple load paths that may provide
protection against damage and crack
growth under both compressive and
tensile loads. The biggest advantage of
the stiffeners, though, is the increased
bending stiffness of the panel with a
minimum of additional material, which
makes these structures highly desirable
for out-of-plane loads and destabilizing
compressive loads.
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In addition to the advantages
aready found in using them, there
should be no doubt that stiffened plates
designed with optimization techniques
will be bring many benefits like swings
in material  usage, cost, better
performance, etc.

Several researches have recently
been published regarding the stiffened
plates and there applications in ships,
bridges, bunkers, tank roofs, offshore
structures, vehicles, etc. [1-7].

In general, analytical and exact
variational solutions for plate or shell
behavior are desirable because of their
ease of use and the insight they provide
to the designer. Specific geometric
effects can be ascertained from these
solutions. However, these solutions are
generally only applicable for small
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deflections. Numerical techniques, such
as finite element analysis, boundary
element analysis, and finite difference
analysis, can be more accurate in
predicting stresses and deflections,
especially for large  deflections.
Unfortunately, these  techniques
generally require more effort to use and
may not supply the same insight as
analytical or exact variational solutions.
The use of plate theory is appropriate
for the analysis of plates or shells;
therefore, this work has been achieved
by using the finite element software
package MSC/NASTRAN with plate
bending and shell elements.

Finite element analysis

During the last three decades
considerable advances have been made
in the applications of numerical
techniques to analyze basic structura
elements as well as highly sophisticated
structures in  various fields of
engineering. Among these numerical
procedures, the finite element methods
are the most frequently used today [8].

Finite element procedures have
become an important and frequently
indispensable part of engineering
analysis and design. Finite element
computer programs are now widely

used in practically all branches of
engineering [9].
Applications range from

deformation and stress analysis of
automotive, aircraft, building, and
bridge structures to field analysis of
heat flux, fluid flow, magnetic flux,
seepage, and other flow problems. With
the advances in computer technology
and CAD systems, complex problems
can be modeled with relative ease.
Several alternative configurations can
be tried out on a computer before the
first prototype is built [10].
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The development of finite
element methods for the solution of
practical engineering problems began
with the advent of the digital computer.
That is, the essence of a finite element
solution of an engineering problem is
that a set of governing algebraic
equations is established and solved, and
it was only through the use of the
digital computer that this process could
be rendered effective and given general
applicability. These two properties-
effectiveness and general applicability
in engineering analysis are inherent in
the theory used and have been
developed to a high degree for practical
computations, so that finite element
methods have found wide appeal in
engineering practice.

Design constraints

Three cases of design constraints
are used in this work. Figure (1-a)
shows the first case where all of the
edges of the square plate are fixed.
Figure (1-b) represents the second case
where two edges are fixed and the other
two edges are free. In the third case,
figure (1-c) three edges of the square
plate are fixed and one is free.

Typesof ribsor stiffeners

Several types and shapes of ribs or
stiffeners may be used to strength plates
or shells to increase the stiffness of
these structures like flat, L, trapezoidal
or other shape[3].

This paper deals with flat ribs or
stiffeners for longitudinal and square
shapes. For all of the design constraints
cases used in this work, one or two
longitudinal flat ribs or stiffeners are
used;, whereas sguare flat ribs or
stiffeners are used to strength the
wholly clamped edges plate only, as
shown in figures (2 - 5).
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Theory and smulation

In many of the available references
on the analysis of stiffened plates, the
approximate method proposed by
Huber is used. Based on the orthotropic
plate theory, this method analyzes the
plate diffener system as a plate of
equivalent  uniform  thickness. It
neglects the in-plane displacement of
the middle plane of the plate. In an
improved method presented by Clifton
et a., the eccentricity and torsional
rigidity of the stiffeners are taken into
account, the effect of the stiffeners is
smeared out. The governing equations
are solved for a simply supported plate
and a plate with bridge-type boundary
conditions [11].

Large numbers of researches which
deal with the analysis of stiffened plates
use the finite element computer
programs  such  MARC,  ANSYS
CARESLife, PATRAN, and NASTRAN
which isused in this work.

Structural analysis consists of static
analysis, normal modes analysis, and
buckling analysis. The static analysis

equation is:

[KI{u} ={f}
Where K is the system stiffness matrix
(generated automatically by

MSC/NASTRAN, based on the geometry
and properties), f is the vector of
applied forces, and u is the vector of
displacements that the program
computes. Once the displacements are
computed, the finite element software
package uses these to compute element
forces, stresses, reaction forces, and
strains. The applied forces may be used
independently or combined with each
other. The loads can also be applied in
multiple loading subcases, in which
each subcase represents a particular
loading or boundary condition. Multiple
loading subcases provide a means of
solution  efficiency, whereby the
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solution time for subsequent subcases is
a small fraction of the solution time for
the first.

The accuracy of numerical results
depends on the number of the Elements
used in the descritization scheme. The
resolution increases when the number
of Elements increases. In order to
investigate the optimum locations of the
ribs or stiffeners, fine meshes with the
maximum permissible number of
elements have been used in order to
easily change the positions of the ribs
and to freely control it.

All of the models used are of the
same dimensions (Im x 1m x 2mm)
and same material (stainless steel) with
the following properties:

Modulus of eagticity, E = 196.5 GPa
Modulus of rigidity, G = 77.221 GPa
Poisson’s ratio, v=0.27

Mass density, p = 7834.6 kg/m®

Every  model consists  of
quadrilateral plate bending and shell
elements. All of these elements are
subjected to uniform hydrostatic
pressure of (P = 2.5 kPa) to work safely
within elastic limit.

It is found by experiments that
initiation of yielding in most materials
is predicted fairly well by either the
maximum shearing stress criterion or
the octahedral shearing stress criterion
which gives the same results as does the
energy of distortion criterion [12]. So,
in this work, Von-Mises stresses have
been proposed.

To achieve this study, first, one
longitudinal flat rib is used to strength
the plate for the three cases of design
constraints that discussed previoudly, as
shown in figure (2). The width of the
stiffener (w) is used to be (5 cm) and
the thickness of it (t) varies from
(2to 6 mm) and located at the middle of
the plate, on one or two of the plate
sides as shown in figure (6). Depending
upon the results of these cases, two
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longitudinal and parallel ribs are used
with the same dimensions to stiffen the
plate for the same design constraints,
This time, the positions of stiffeners are
varied from the center line of the plate
to the edges, as shown in figure (3). As
an individual situation, one longitudinal
rib parallel to the free edge of the third
case of the design congtraints is used for
the same purpose. As shown in figure
(4), this time, location of the rib varies
from one edge to the free one on one
and two of the plat sides. Finally, one
square tiffener is used to strength the
clamped square plate, as shown in
figure (5-a). Pogtion of this stiffener
varies from the center of the plate to the
fixed edges on one and two of the plate
sides. Width and thicknesses of the rib
are the same of those used previoudly.

Results and discussions

To strength a plate, stiffeners may
be used on one or two of its sides. To
show the best way, one longitudinal rib
with different thicknesses is used to
stiffen the plate. Figures (8 & 9) show
the effect of using the rib on one side
and two gdes respectively on the
maximum stress for the three design
constraints (a, b, and ¢) which discussed
in article (3). It is obvious that the use
of the rib on two sides is the best for all
cases and the use of it on one side gives
bad results for small thicknesses.
Maximum deflection is the same when
using the stiffener on one or two sides,
as shown in figure (10). The second
step is using two longitudinal and
parallel ribs on the two sides. Figures
(11 - 16) show the variation of
maximum stress and deflection with the
change of distance between the two ribs
for the three cases of the design
constraints. For the first case of the
design congdtraints, it is clear that the
use of ribs with thickness more than the
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plate thickness give good results when
the two stiffeners are located together
on the center line of the plate, as shown
in figure (11). So, the dtiffness of the
plate may be increased by increasing
the width of the one longitudina
stiffener that used before. For the
second and third cases of the design
constraints, two stiffeners may be used
with a certain thickness and in between
displacement to reduce the maximum
stress induced, as shown in figures
(13 — 16). As shown in figure (9), there
iS no importance of usng one
longitudinal rib perpendicular to the
free edge of the third case of the design
congtraints; therefore, this rib may be
used paralel to the free edge. For
different locations, figures (17 & 18)
show that the use of the rib on two sides
is better than using it on one side. Also,
there is an optimum location for the rib
depending on its thickness. Similarly,
when a square rib is used to strength the
wholly clamped square plate, there is an
optimal position depending upon
thickness of the stiffener and the use of
this stiffener on two sides is the best, as
shown in figures (20 & 21).
Significantly, a good location is
appeared at the edges of the plate when
using a small thickness for the rib. This
may enable us to use two sguare ribs,
one clamped with the edges and the
other at a certain position depending
upon its thickness, as shown in figure
(5-b). For the first case of the design
congtraints used in this work where the
plate is fixed from all its edges, it is
noted that the use of a longitudinal rib
may gives better results than using a
sguare stiffener. Two perpendicular ribs
at the center lines of the plate, as shown
in figure (7) may also give good results.
As a comparison between some cases of
strengthening the wholly clamped plate,
results of using some longitudinal and
square stiffeners are shown in table (1).
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Conclusions:

From the results of this work, it is
obvious that using stiffeners on both of
the two sides of a square plate gives
better results than using the same size
of these ribs on one side. This is the
primary choice to increase the stiffness
of the plate for al of the design
constraints used. The choice does not
affect the maximum deflection. For the
first case of the design constraints, the
use of one longitudinal stiffener with
certain dimensions at the center line of
the plate may be better than using one
longitudina or square stiffener. To use
sguare stiffeners, one may locate a thin
rib on the edges and another a a
position depends upon the dimensions
of this stiffener. For the second case of
the design constraints, two paralle
stiffeners at certain locations give better
results than using one rib. Findly, in
the third case, one longitudinal stiffener
may be located parallel to the free edge
of the plate as an optimal choice, in
order to get good results.
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Fig.(1) The three design constraints used

Fig.(2) One longitudinal rib
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Fig.(3) Two paralle longitudinal ribs

o0 —>

Fig.(4) One longitudinal rib parallel to the free edge
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Fig.(5) One and two sgquare ribs
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Fig.(6) Side view of the stiffened plate

Fig.(7) Two perpendicular longitudinal ribs
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Fig (8) Effect of using one longitudinal rib on one side on the maximum stress
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Fig (9) Effect of using one longitudinal rib on two sides on the maximum stress
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Fig (10) Effect of using one longitudinal rib on one or two sides
on the maximum deflection
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Fig (11) Effect of using two parallel ribs on the maximum stress for the first case
of the design constraints
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Fig (12) Effect of using two parallel ribs on the maximum deflection for the first
case of the design constraints
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Fig (13) Effect of using two parallel ribs on the maximum stress for the second
case of the design constraints
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Fig (14) Effect of using two parallel ribs on the maximum deflection for the

second case of the design constraints
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Fig (15) Effect of using two parallel ribs on the maximum stress for the third

case of the design constraints
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Fig (16) Effect of using two parallel ribs on the maximum deflection for the third
case of the design constraints
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Fig (17) Effect of using one longitudinal rib on one side paralel to the free edge
for the third case of the design constraints on the maximum stress
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Fig (18) Effect of using one longitudinal rib on two sides parallel to the free
edge for the third case of the design constraints on the maximum stress
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Fig (19) Effect of using one longitudinal rib on one side paralel to the free edge
for the third case of the design constraints on the maximum deflection
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Fig (20) Effect of using one square rib on one side on the maximum stress for
the first case of the design constraints
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Fig (21) Effect of using one square rib on two sides on the maximum stress for
the first case of the design constraints
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Fig (22) Effect of using one square rib on one or two sides on the maximum
stress for the first case of the design constraints

PERCENTAGE
TYPE OF DIMENTION OF LOCATION OF ITEIE%EXQIANGGE REDUCTION
STIFFENER STIFFENER STIFFENER IN WEIGHT IN MAXIMUM
STRESS
One Ion_gltudl na w=5cm, t=6mm At the center line of 15 % 47 55 %
rib the plate
One Ion_gltudl na w=10cm, t=6mm At the center line of 30 % 50.2 %
rib the plate
TWQ w=10cm, t =6 mm | At the center line of
perpendicular ' . 57 % 70.14 %
fibs for each one the plate (fig. 7)
w=5cm t=6mm | Atthebestposition | o o 45.56 %

Square stiffener

(L =80cm)

Table (1) Comparison between some cases of strengthening the wholly clamped
edges plate

28




Mohammed M. Hasan /Al-khwarizmi Engineering Journal, Vol.3, No.3, pp 13-30 (2007)

References

[1] J. Farkas, Structural optimization
as a harmony of design, fabrication
and economy,  Structural  and
Multidisciplinary Optimization, Vol.
30., No. 1., pp. 35-45, July, 2005.

[2] Y.C.
Automated

Lam, S. Santhikumar,

rib  location and
optimization for plate structures,
Structural and Multidisciplinary
Optimization, Vol. 25., No. 1., pp. 35-
45, March, 2004.

[3] Zoltan Virag, Optimum design of
stiffened plates for differrent load and
shapes of ribs, Journal  of
Computational and Applied Mechanics,
Vol. 5., No. 1., pp. 165-179, 2004.

[4] J. Farkas, L.M.C. Simoes, and K.
Jarmai, Minimum cost design of a
welded stiffened square plate loaded by
biaxial compresson. WCSMO-4, 4th
World Congress of Structural and
Multidisciplinary Optimization, Dalian
China, Extended Abstracts, pp. 136-
137, 2001.

[5] Ravi S. Bellur, Optimal design of
siffened platess, M.Sc. Thesis,
University of Toronto, Graduate
Department of Aerospace Science and
Engineering, 1999.

[6] Huang Zhenqiu, Large deflection
dynamic plastic response of clamped
square plates with stiffeners, Acta
Mechanica Solida Sinica, Vo. 8, No. 1,
pp. 24-31, March, 1995.

29

[7] Chen Yen-hang, Large deformation
solution of stiffened plates by a mixed
finite element method, Applied
Mathemetics and Mechanics, Vol. 5,
No. 1, pp. 1121-1135, 1984.

[8] Jarodav Mackerle, Finite element
linear and nonlinear, static and
dynamic analysis of structural
elements. a bibliography (1992-1995),
Engineering Computations,Vol. 14 No.
4, pp. 347-440, 1997.

[9] Klaus-Jirgen Bathe, Finite Element
Procedures, Prentice-Hall International,
Inc., 1996.

[10] Tirupathi R. Chandrupatla and
Ashok D. Belegundu, Introduction to
Finite Elements in Engineering,
Prentice-Hall of India, Private Limited,
New Delhi, 1996.

[11] R S Sinivasan and V.
Thiruvenkatachari, Static Analysis of
Stiffened Plates, AIAA Journal, Vol.
22, No. 9, 1984.

[12] Joseph  Edward  Shigley,
Mechanical Engineering Design, First
Metric Edition, McGraw-Hill book
company, 1986.

[13] A.P. Bores, and O.M. Sidebottom,
Advanced Mechanics of Materials, 4th
Ed., John Wiley & Sons, Inc., 1985.

[14] S.P. Timoshinko and K.S.
Woinowsky, Theory of Plates and
Shells, Second Edition, Tokyo,
McGraw-Hill Kogakusha Ltd, 1959.



Mohammed M. Hasan /Al-khwarizmi Engineering Journal, Vol.3, No.3, pp 13-30 (2007)

day a9 4 gh £3LEL B ghal) day yall giliiall JiaY) aresait)

Crd Ciada daaa
2SSl dusigl) ausd
DL Al / Ausigh 44K

Y A aAl

O A Jopead Al A yrall 5 el 4358 Y) 5l ilinall (e Al gall CaS) 0
g le oY) aal Lptmi&u\wﬁwky@@mamjum\
Aaal LY Auall ) A sl g 3! ana 2 an (s A5V A jall b J sl AiaY)
A5y Hh aladin) a5 adl MLAM\Y\‘_AJJ(J‘;JU@}M\&M)\JJMY\@}A\q.u;_a‘_,’.a
Badaa doaanal i VAT g 45 34l t)\.m)d ‘_;.ml\ ) gall Al Banaall jualially Jalasll
ol M\Gkuﬁfd\jmjsd\ t)\.m)d (shiall @) gall Clalisiny) & Giall) daay

30



