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Measure of Quality. At this secondary level of design, both structural

weight and production cost ean be impertant in 'design for economy’.
Unfortunately, as will be shown, {see also Fig 1.4) these two objectives
usually lead to very different designs.” Hence it is important to try to

identify the appropriate objective in each design case.

UNIDIRECTIONALLY-STIFFENED PANEL UNDER UNIFORM LATERAL PRESSURE

3

Te expleore and iliustrate some general aspects of design for economy,

consider the typical problem, shown in Fig 2.1 below where a design is
required for a flat, singly-stiffened panel L x B. The initial cost ef the

panel will include both material cost and labour cost, and since the material

cost can be directly related to the weight of material, it is possible to

include weight minimisation and cost minimisation within the following simple

analysis.

3 2 ,_Jl

s o & e D il el e falay

{ T S R T TR € LTL '[ FiG. 2.l
j :
A

This problem can be formulated as an exercise in design from first

principles. / .
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Functional Reguirements

Panel to withstand a given uniform lateral pressure p over specified area L x

B without material yielding. Panel edgées may be assumed 'pinned' (simply

supported) .  (ns# au  essential “55“"“"4{‘?0-«) Just h lkeep

anm/JSJ’S —331"’1,0/{,_
Design Variables

Stiffener spacing s (or number of stiffeners g)

Plate thickness t

Stiffener size and form, expressed by sectiomal area A and elastic section

modulus (with plat ing) Z.

o
Constraints \\,5)‘\@@’ o |
A e i L e A il

For both plating and stiffeners oyayx » Oy

No side constraints on dimensions (although in practice seme limits, eg. on

minimum plate thickness or stiffener spacing, would have to be imposed).

A Pff—'CJn'ce,u‘ou would put some other ro-fg’wc-n\ﬂks £.q e

M‘u’\

Objective

X d1pti
{ﬂnl cnCS
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To minimise total construction cost €, where

Ct = Cy + Cp = material cost + labour cost Ls
C z;“,(.{-'\ x m + Csw fix L w ok,gf
Assumptions and Idealisations Ccu*ﬁéb %‘{
2N =

B
(a) B/s is large, so that s = B/q. Panel bends cylindrically.

(b) Relation between eross sectional area of stiffener A and section modulus
Z of one stiffener plus associated effective plating, for any proposed
'family' of stiffeners is (see fig 1.5).

-

A= oz ¢,m constants depending on family

(c¢) All free dimensions continuously variable (not strictly true in

Lal ¢ |( eSS (= S e ], 0 ) Y ‘,..’1-

practice)
(d) Cost relationships
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Cy = Cyp + Cys = plate material + stiffener material cost
= Ky (Wp + Wg) S S ST T 0 5)
| (g g+ By W5

s

where Kj = material cost per unit weight

W,, W, = total weight of plating, stiffeners

'p’

Also, assume

e
S| &-;\ 01 : )

Cy = KoJ -
EJA i
| x/.\ ot
where . 7=

-

J = total length of stiffener-to-plate joints

Ko7 = cost per unit length of joint.

Analysis

Using simple beam theory for a plate strip s X. t X 1, (ends encastré):-

| | g 9$L$E k %
Plating design: = 4P (%) = oy
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Stéffener design GHAX -M =
o

2
s 2= 2:&_ = required section modulus (stiffener + Tlating)
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Cost Minimisation ,/3
/
Cp = Ry [wLBt + wLAg) + K, Lg w = specific weight of material

Hence using ¢ = B/s, and the above design eguations,
2 ' K,LB

c. =&, Joise[B— + 812 (BE,)® ™ 1. :

T 1 ZUY 8 86Y )

Thus stiffener spaeing s is the enly design variable in this objective

function. The problem can be formulated as one of unconstrained

minimisation, so that the 'best' design is when dCp = 0
ds

Now we can write

CT =c .8 +cC sm_l + ¢ ﬂ_l where C

1 2 38 ¢

1 Co0 C3, depend only on given

values.

Hence optimal design is when

m—2 -2
Cl + (m = l)czs = ¢,y

or
m—1 -1 !

Cys = (1 - m)czs + cys (multiplying by s)
: -1
ie. when .8 = (1 - m) + €48

m—-1 m=-1
€58 c,3
or cost of plate material = (1 - m) + labour cost

cost of stiffener material cost of stiffener material
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4 K,LBs K,

/ But labour cost B ™ 2
cost of stiffener material BKINLBA KIQA

= cost per unit length of joeint
cost per unit length of stiffener

Alse, the material costs are propertienal to the weights, and fer ship
stiffeners typically m = 2/3, hence we arrive at the final result that, for

least cost design

Weight of plating - i Cost per unit length of joint
Weight of stiffening 3 Cost per unit length of stiffener

Given the overall dimensions, precsures, unit costs, etc, detailed scantlings
of the optimal design can easily be found from the above analysis, which is

of course only approximate.

For the present we enly wish to draw general conclusions about panel design.
The first is that i1f labour costs are neglected, the result is a -design for
minimum material cost, and hence for minimum weight. In this case the
optimal {least weight) design would rﬂquire the plating weight to ‘be only
abeut one third of the stiffener weight. This is generally impractical and
of theoretical interest only. Wp _AS ({QJ MMOST Mer elasiit ?E“WDZJ
Ws
If labour costs are now included, the resulting design clearly becomes very
sensitive to the relative values of welding costs and stiffener material
costs. For example, if weld costs were £2 per metre, and the stiffener

material cost also £2 per metre then in the least cost design.
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Weight of platine
Weight of stiffening

et

+#1=1,33 —7
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which would require a design having much thicker plating and more widely
spaced stiffeners than the least weight design. Furthermore if labour costo

increase in proportion to material costs, this tendency towards increasing
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the proportion of plating weight in the structure should also be increased.
Perhaps the main result of this elementary exercise is to-show that, inm
design for production, simple ratios of labour to material costs are emerging
as very important and useful parameters which can be used analytieally to

guide the structural designer.

FLAT STIFFENED PANELS - FURTHER RESULTS

Many more elaborate and rigorous studies of flat panel design have been made
using formal optimisation procedures incorporating more constraints on
behaviour and dimensions. The results of some work reported im ref. 4 are
summarised in Table 1. A mild steel deep tank bulkhead 8m wide x 5m deep is
required to withstand a hydrostatic head of 8m above its base. Unit costs of
material and of production are specified. The stiffening may be
uni-directional (vertieal) or may include a horizontal girder at mid-depth to

form a grillage. There are 8 design wvariables:-

Spacing of vertical stiffeners (beams)
Web depth, thickness and flange area of girder
Plating thickness
Constraints are imposed on:-
Bending and shear stress in stiffemers and girder
Bending stress in plating
Depth/@hickness ratios of webs of beams and giréer (to prevent local
buckling)

Flange arcas of beams and girder.

Table 1 chows 6 'optimised' designs. Designs 1-4 are for vertical stiffening
only; designs 5 and 6 include a cross-girder. Note the eontrast between
design 1 (for minimum weight) and design 2 (minimum cost), likewise designs

5 and 6. Fig 2.2. clearly shows the very different results for designs 1 and
2. Design 3 is for a mixed objective function (see first lecture)

incorporating both weight and cost.

Such optimisation studies genmerally assume that design variables (g. plate

thickness) are continuously variable. In practice not only are plates and
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1200mm*

330 x 6
W= 3.9 TONNES
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FIG.2.2.




