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ABSTRACT: The elastic secondary deflection due to compression and lateral pressure is calculated using the
Paik’s solution (Paik et al. 1991) of the differential equation for orthotropic plates, and the self-weight is also
taken into account. Besides this deflection some more deformations are caused by lateral pressure and the
shrinkage of longitudinal welds. The stress constraint includes several effects as follows: the average com-
pression stress and the stress caused by compression, lateral pressure and the shrinkage of longitudinal welds.
The constraint on local buckling of the base plate strips is also included considering the effect of initial imper-
fections and residual welding stresses with formulae proposed by Mikami and Niwa (Mikami L., Niwa K.
1996). The unknowns are the thickness of the base plate as well as the dimensions and number of stiffeners.
The optimum dimensions and number of stiffeners are determined by a mathematical programming method.
The cost function to be minimized includes material and welding costs. The results show that the trapezoidal
stiffener is the most economic one. The cost saving can be 69 % comparing with various ribs.

1 INTRODUCTION

Welded stiffened plates are widely used in various
load-carrying structures, e.g. ships, bridges, bunkers,
tank roofs, offshore structures, vehicles, etc. They
are subject to various loadings, e.g. compression,
bending, shear or combined load. The shape of pla-
tes can be square rectangular, circular, trapezoidal,
ete. They can be stiffened in one or two directions
with stiffeners of flat, L, trapezoidal or other shape.

Various types of plate geomelry, loadings, stiff-
ener shapes have been investigated. The strength and
design in the case of compression and lateral pres-
sure has been dealt with e.g. by Mansour (1971),
Smith et al (1992), Davidson et al (1992), Bonello et
al (1993), Mikami & Niwa (1996), Paik et al (2001)
and Paik & Kim (2002).

Structural optimization of stiffened plates has
been worked out by Farkas (1984), Farkas & Jirmai
(1997) and applied to uniaxially compressed plates
with stiffeners of various shapes (Farkas & Jarmai
2000), biaxially compressed plates (Farkas et. al.
2001).

This paper contains the minimum cost design of
longitudinally stiffened plates using the strength cal-
culation methods of Mikami & Niwa (1996) and that
of Paik et al (2001). Deflections due to lateral pres-
sure, compression stress and shrinkage of longitudi-
nal welds are taken into account in the stress con-
straint. The self-weight is added to the lateral
pressure. The local buckling constraint of the base
plate strips is formulated as well. The cost function
includes material and welding costs. The unknowns
are the thickness of the base plate as well as the di-
mensions and number of stiffeners. It should be
mentioned that we have worked out this investiga-
tion for trapezoidal stiffeners (Jarmai et al 2002). In
this paper compare plates stiffened with ribs of flat,
L and trapezoidal shapes.

2 GEOMETRIC CHARACTERISTICS
The stiffened plate is shown in Figure 1. Geometri-

cal parameters of plates with flat-, L- and trapezoidal
stiffeners can be seen in Figures 2-4.
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The calculations of geometrical parameters of the
L-stiffener are
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Figure 1. Longitudinally stiffened plate loaded by uniaxial /)/f + 4

compression and lateral pressure 3 '
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Figure 2. Dimensions of a flat stiffener

The calculations of geometrical parameters of the
flat stiffener are
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bff Figure 4. Dimensions of a trapezoidal stiffener
bt 5 /7,3/_ h . . . .
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12 12 2 trapezoidal stiffener are
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Figure 3. Dimensions of a L-stiffener
238 Virag, Z. & Jarmai, K.




2 .2
Iy = aligty +—3—a§l§ sin” & 21
44
I = L 22
b @2
Ap = E’l-gi"- —195h,  (23)

31 CALCULATION OF THE DEFLECTION DUE
TO COMPRESSION AND LATERAL
PRESSURE

Since the self-weight is taken into account the lateral
pressure is modified as

g
p=pyt—r 24
P=Ptpr 24

where g is the gravitation constant, 9.81 [m/sz].

Paik et al. (2001) have used the differential equa-
tions of large deflection orthotropic plate theory and
the Galerkin method to derive the following cubic
equation for the elastic deflection A, of a stiffened
plate loaded by uniaxial compression and lateral pre-
ssure

CA +Cy A2+ Cyd, +Cy =0 (25)
where
7’ m'B L
c=|EZ+E—= 26
‘ 16[ P B 26)
3ntd m'B L
c, =2 L\~ + E— 27
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The number of stiffeners is n =@ —1.

The flexural and torsional stiffnesses of the ortho-
tropic plate are as follows:

D=t o Etere | EL
i) deve b

L ‘ 31)
b o Bt

G.I ;
p=lelig - E (34
b 2(1+v,)
Zé)i:a,+2al_l_(l_3 (35)
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The deflection due to lateral pressure is

4
4 l'nm = SqL
384EI,

. g=pb; b=Blg (36)

The average compression stress is

P I 37)
- Bip+ (p- 1)4g

It is assumed that, for a simply supported plate,

the largest value of 4,, is given by the smallest num-
ber of half buckling length m = 1.
The solution of Equation 25 is

A, = ——Cz—+ ky + ky (38)
3¢, -
where
(39
2 7 3 )
LG G, 20 GGGy
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4 DEFLECTION DUE TO SHRINKAGE OF
LONGITUDINAL WELDS

According to Farkas & Jarmai (1997) or Jarmai &
Farkas (1999) the deflection of the plate due to lon-
gitudinal welds is as follows

T =CLH 18 41)
where the curvature for steels is
C=0844x10"Q,y, /1, (42)
QOr is the heat input, yr is the weld eccentricity
Yp=Ye—Ipl2 (43)

and /, is the moment of inertia of the cross-section
containing a stiffener and the base plate strip of
width b.

The heat input for a stiffener is proportional to the
weld size

0, =2x595a}, (44)

5 THE STRESS CONSTRAINT

The stress constraint includes several effects as fol-
lows: the average compression stress and the bend-
ing stress caused by deflections due to compression,
lateral pressure and the shrinkage of longitudinal
welds.

o =0 45)

max xav

M
+ 7 e < Oy

x

where

2

(A()m + Am + / )+ ﬂ

s 46
nux 8 ( )

M=0

xav

According to Mikami & Niwa (1996), the calcula-
tion of the local buckling strength of a face plate
strip of width

b; = max (az, b — az) 47
is performed taking into account the effect of initial
imperfections and residual welding stresses
when (48a)

O =1, A, <0.526

0.7
Our = (0526J when 4, >0.526 (48b)

P
where
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6 THE COST FUNCTION

The objective function to be minimized is defined as
the sum of material and fabrication costs

K = 1<m + K_/' = kmpV + /(f Z 7: (50)
or in another form
K k,
=PV L+ T+ 1) (5D
i

m "

where p is the material density, /' is the volume of
the structure, K, and Ky as well as k, and &, are the
material and fabrication costs as well as cost factors,
respectively, 7; are the fabrication times as follows:

- time for preparation, tacking and assembly

T, =0kl (52)

where ©, is a difficulty factor expressing the com-

plexity of the welded structure, xis the number of
structural parts to be assembled;

- T51s time of welding, and T35 is time of additional
works such as changing of electrode, deslagging and
chipping. 73 = 037, , thus,

T,+T,=13> Cyal,L

i i i (53)
where L, is the length of welds, the value of C, isa
constant concerning welding procedures, a,, is the
weld dimension. The fillet weld size is a,, = 0.5¢,
but  aymiy = 4 mm.

In our case, the volume of the structure is

V = BLt, +(p—1)4,L (54)
the weld length is
Ly =2p-1)L (55)

and for GMAW-M (Gas-Metal Arc Welding with
Mixed Gas) fillet welds it is

Ca" :O.3258x10“3(1‘7},

whw

(56)

The optima are calculated for ks/ky, = 0 and 1.5
kg/min corresponding to minimum mass design and
higher fabrication cost design respectively.
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7 THE OPTIMIZING METHOD

Rosenbrock’s Hillelimb (Rosenbrock, FLH. 1960)
mathematical method is used to minimize cost func-
tion. This is a direct search mathematical program-
ming method without derivatives. The iterative algo-
rithm based on Hooke & Jeeves searching method. It
starts with a given initial value, and it takes small
steps in direction of orthogonal coordinates during
the search. The algorithm is modified that secondary
searching is carried out to determine discrete values.
The procedure finishes in case of convergence crite-
rion is satisfied or the iterative number reaches its
limit.

8§ NUMERICAL DATA

The given data are width B = 4000 [mm], length L =
6000 [mm], compression force N = 1.974x107 [N,
Young modulus £ = 2.1 X 10° [MPa), density
/)=7,85x10'6 [kg/mm®]. There are three values of lat-
eral pressures pg = 0.05, 0.1, 0.2 [MPa] and two val-
ves of yield stresses f; = 255, 355 [MPa]. At the
higher strength steel the material cost is 10 % higher
than that of the normal steel.

9 RESULTS AND CONCLUSIONS

The plate is simple supported on four edges. The
unknowns — the thicknesses of the base plate and the
stiffener and the number of the ribs - are limited in
size as follows:

3<t, s 40 [mm]
3<t, <12 [mm] 57
3<p<10

The results are shown in Tables 1-6. The optima re-
sults are marked by bold letters.

Table 1. Optimum dirhensions with flat stiffener for kg/k,=0,
the material minima

Iy Po Iy 1 K/l kgl
[MPa} [MPa] [mm] [mm] ke i/l =0 lplk,=1.5
235 0,2 - - - - -

235 0,1 38 1210 8014 11758
235 0,05 30 26 6127 8362
355 0,2 - - - - -

355 0,1 28 12 10 6568 10137
355 0,05 20 12 9 4825 7914

Table 2. Optimum dimensions with flaf stiffener for Jeplk,=1.5,
the cost minima

Iy Po 7 K/ Tkgl
[MPa] [MPa] [mm] [mm] keplh, =0 kp/l,=1.5
235 0,2 - - - - -

© 235 0,1 38 12 10 8014 11758
235 0,05 30 12 6 6127 8362
355 0,2 - -
355 0,1 28 12 10 6568 10137

355 0,05 21 11 8 4852 7312

Table 3. Optimum dimensions with L-stiffener for e/l =0, the
material minima

fy Po 173 2 K/, [kg)

[MPa| [MPa] [mm] [mm] fep/le, =0 kplk,=1.5

235 0,2 31 125 6993 8933

235 0,1 21 127 5686 8230

235 0,05 20 107 4969 6952

355 0,2 22 12 7 6107 8641

355 0,1 18 9 1 5036 7389
1

0
355 0,05 17 7 0 4313 6302

Table 4. Optimum dimensions with L-stiffener for kp/k,=1.5,
the cost minima

) Po 1% 1
[MPa] [MPa] [mm] [mm]

K/, kgl
keikn=0 kp/k,=1.5

235 0,2 34 11 4 7132 8584
235 0,1 27 10 5 5888 7422
235 005 24 8§ 6 5162 6564
355 0,2 28 9 6 6528 8149
355 0,1 22 8 7 5247 6801
355 0,05 19 § 7 4626 6129

Table 5. Optimum dimensions with #rapezoidal stiffener for
kp/k,=0, the material minima

K/ (kg

Do i A
P lli=0 kepfhy=1.5

¥
[MPa] [MPa] [mm] [mm]

235 0,2 28 12 4 6974 8549
235 0,1 24 10 4 5723 6975
235 0,05 18 10 5 4993 6466
355 0,2 21 115 olos 7780
355 0,1 15 10 6 4944 6635
355 0,05 13 8§ 7 4148 5611

Table 6. Optimum dimensions with frapezoidal stiffener for
Jei/km=1.5, the cost minima

I Po 17 1 K/k,, kgl
[MPa] [MPa] [mm]| [mm] ¢ feplley=0 k/k,=1.5
235 0,2 35 9 3 7250 8223
235 0,1 24 10 4 5723 6975
235 0,05 23 8 4 5122 6132
355 0,2 28 8 4 6530 7589
355 0,1 21 7 5 51l 6284
7

355 0,05 16 G 4264 5560
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It can be seen from Tables 1 and 2 that there are
no solutions for the highest lateral pressure for flat
stiffeners due to the size limits.

The results show that the trapezoidal stiffener is
the most economic one. The cost saving can be 69 %
comparing with various ribs.

Materials with higher yield stress gives the
cheaper results. The cost saving can be 40 % com-
paring with the lower one.

In most cases the material and cost minima are
different, the number of stiffeners is smaller at cost
minima due to welding cost effects, as it is visible
for flat stiffeners on Tables 1 and 2, for L-stiffeners
on Tables 3 and 4, and for trapezoidal stiffeners on
Tables 5 and 6.
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