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Abstract

This study is concerned with the optimum design of stiffened cylindrical members frequently
found in floating offshore platforms with constraints on reliability. Minimised is the expected
total cost which is composed of the structural cost and the expected failure cost. Some design
requirements drawn from variotus design codes are also considered as constraints. Reliability
of critical component in a structure only is considered in this paper and the system failure is
discarded since the probability of system failure is in general much smaller than the probability
of component failure and it is very difficult to evaluate the cost due to system failure. Ultimate
strength only is considered and not the fatigue strength.

Several parametric studies are illustrated and the optimum solutions for different strength
models which are now in use for the design of stiffened cylinders are derived to show the
optimum designs against different strength models for the same type of structural component,
The present results lead to the important conclusions relating to the posibility of more cost

saving in the design of such structure through the reliability-based optimisation process.
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1. Introduction

The major goal of structural design is to obtain
the balanced design between safety and economy.
During the last two decades reliability-based optimum
design has developed in conjuction with the classical
deterministic optimisation formulations, It has been
proposed for some times that a more rational criterion
for structural design is that structural safety be
represented by reliability (or alternatively by the
failure probability) and hence, the reliability constr-
aints should be included in the Optimisation procedure
to get the balanced design between safety and cost
[1~4]. In the light of this point the optimisation
problem may be based on reliability analysis to ensure
the safety of the design,

Deterministic optimisation in structural design
has enjoyed its popularity for many years. In some
cases, however, with regard to the structural safety
the optimum design may lie on the unsafe side.
For example, Das and Frieze(5] found that the
minimum weight design (deterministic optimum
design) were not the most safe. They compared the
safety level of stringer-stiffened cylinders designed
based on reliability analysis with the minimum
weight designs. The results are presented in Table
1 in terms of failure probability.

The general idea of optimisation is to minimise
(or maximise) the objective function subjected to

Table 1 Comparison of failure probability between
reliability-based design and minimum wei-
ght design of stringer-stiffened cylinders
subjected to compressive force

10% 20%
] 0.440% 107 0.401x 107!

COV of axial compressive
force

reliability-based design
(non-optimum)

minimum weight design 4 0.329x 107} 0.119
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The

possible objective functions are structural weight,

reliability (or failure probability) constraints.

total cost, failure probability and utility function.
Structural weight and cost are usually chosen as for
the deterministic optimisation and in cost, failure
cost may be included. References 3 and 6 well
summarise the formulation of reliability-based optim-
isation problems,

In this study optimum design of stringer-stiffened
cylinder has been derived and the Rosenbrock algor-
ithm is employed. An expected total cost is to be
minimised with constraint on the allowable reliability
index. The cost model is composed of the structural

cost and the expected cost due to failure.
2. Formulation of Problem

Let {X}=

where 7 is the number of design variables considered

{21, &3y *+*, xa) be design variable vector
in the optimisation procedure. Then, the optimisation
problem is:

Find {X} such that minimises the total cost given

by

Cr=C+P,%Cy D)
subjected to constraint on reliability index

B= £ (2

P, the failure
probability and C, the expected failure cost. £ is

where C; is the structural cost,

the allowable reliability index.
All terms in the above equations are function of
design variables and the above problem is non-linear.
The structural cost, C; is assumed to be proportional
to the structural weight, and all costs are to be
converted in terms of structural weight. The expected
failure cost, C; may be given by(2]:
Cy=1Tprp(0.15+0.5A)
where p : material density (=7.25ton/m®)

(3)

5+ factor proportional to water depth of the
component (=1 to 7)
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A cross-sectional area

2 average annual frequency of storm occurence
Tp : design life
This cost model represents the maintenance cost

after a component failure.

3. Structural Model

The stringer-stiffened cylinder shown in Fig. 1 is
chosen for the present study, which is from TLP-
B.(7] Geometric and material properties are listed
in Table 2. Load effects are in Table 3, for which
bias factors are in Table 4, COV of 4% are assumed
for geometric properties and elastic modulus and
COV of 8% for yield stress. For dynamic, quasi-
static and static load effects 10, 20 and 10% are
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Fig. 1 Stringer-Stiffened Cylinder Model

Table 2 Data of stringer-stiffened cylinder in

Fig. 1
radius of cylinder R=8.88m
thickness of cylinder #,=0.025 m
number of stringers Sy=60
stringer scantling =0.3%0.015x0.19
%x0.019 m(T)

=0.525x0.026x0.25
%0.03m(T)

L=22m
E=200000 MN/m?
oy =391 MN/m2

ring frame scantling

ring frame spacing
elastic modulus

yield stress

Table 3 Load effects including bias factors

B o Lo | quasi-
o 7lcr)adfffﬁct‘ ) ' static ’dynamlc‘ static
axial force(MN) 91.31 21.69 2,01
bending moment(MN-m)203.31 | 251.01 | 51.9

radial pressure(MPa) 0.2125 0.0478; 0.0039

note: hydrodynamic load is evaluated by using
Morison approach and load effect due to wave
drift force is not considered.
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Table 4 Bias factors of load effects

load effect : 1.0

load effect : 1.2 for axial load,
1.0 for others

load effect : 1.0

static

dynamic

quasi-static

given, respectively as in Reference [7). The inter-
action egquation under axial compression and radial
pressure given by Eq. (4) is used as the strength
model, (8]

FAREs 2

Ggu Txu

where g4 is the hoop stress and obtained from oy=
PR/t, P is radial pressure and o, is the axial stress
resulting from pure axial force, bending moments and
radial pressure. The subscript ‘¢’ means the ultim-
ate value. The mean bias and modelling uncertainty
(COV) of the strength modelling parameter for the
above strength model are 0.99 and 13%. With regard

to the distribution types of design variables, geomet-
ric properties are normal and others are log-normal,

4. Results of Optimisation

The allowable reliability index of p%=3.72 is
chosen, which has been proposed by the TLP Rule
Case Committee(9] for the design of stiffened cylin-
ders. Following design requirements for stringer

portion are drawn from various design codes:[9~11]

(D V/4<1.4v¢ (5)
whetre e=E/oy
(2) o6:/oy>>2.5 6)

wher a./oy="{(e/I)(J/2.64 (zh/a)’Ly)
h=distance between shear centre of
stringer and toe, divided by Ak,
=1+2,/2
J=St, Venant tortional constant
=hL, (4 663)/3)
Iy=polar moment of inertia of stringer
cross-section about toe
=k (G (G +4)/12+ ba(B*4-£3)/12
+btx(1+1:2)%)
I,=moment of inertia of stringer cross-

section about its axis
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=kt (£34+8%,)/12

(3) a<8 Q)
In the above equations L is the unsupported length,
ti=tw/huw, ty=ts/hw, b=bs/h, and a=L/h,,.

Optimum design of the stringer-stiffened cylinder
shown in Fig. 1 has been drawn for 8°=3.72 varying
the number of design variables considered in the
optimisation procedure. The results are presented in
Table 5, in which the cost ratio is defined as:

weight of optimum design (8)

cost ratio= - T .
weight of original design

As can be found in Table 5, optimum design have
about 13 to 21% less cost than the original design.
That is, introducing the reliability analysis into the
optimisation procedure can provide us with much
cost saving and hence weight saving. To compare
the optimum designs against defferent strength
models, the improved strength model given by Eq.
(9) is used.
2 —h 2 — b2

[_fx_] +R.R, [ﬁ(lgiﬁ%(l@l —1 l
=1 ©

R
o

For details of this model refor to References 12 or

(
1

7. The results are shown in Table 6 when n=6.
Using Eq.(9) gives lower cost than Eq.(3) and this
implies that the improved strength model can provide

a more cconomic benefit,

Table 5 Optimum design of stringer-stiffened
cylinder (unit : m)

2 4 : 6

variable ™~ ~* = ' 7

¢ 0.0178 0.0178 0.0213
s 0.719 0.708 0. 697
Sv) (78) (78) (80)

B - 0.275 0.278
t — 0.014 0.0127
by — - 0.100
ts — — 0.009
cost ratio 0.864 |  0.845 0.788

2 . number of design variables considered in the
optimisation procedure

s :curved panel width (=2zR/Sy)

Sy ¢ number of stringers

“_”: same figure as in Table 2

1.S. Lee

Table 6 Optimum design against different strength

model
i}?eim&ief T
_y Eq. (4) Eq.(9)
variable T—
t 0.0213 0.0161
s(Sn) 0.697(80) 0. 700)(80)
scanting of 0.278%0.0127 x| 0.288x0.015x
stringer 0.100%0.009 0.113x0.0112
cost ratio | 0.788 0.667

Table 7 Least weight design of stringer-ctiffened
sylinders for p°=3.72(after reference 12)
N | arm | tmm | Rt | st | Adst

50 2.02 | 3.2 | 284 | 35.7 | 164
60 | 1.85 | 27.0 | 320 | 34.4 | .27
7 1.70 | 23.4 | 380 | 34.1 | .306
80 1.58 | 20.2 | 439 | 34.5 | .404
90 1.44 | 16.7 | 530 | 37.0 | .549
100 1.42 | 15.3 | 581 | 36.5 | .668
110 1.47 | 15.2 | 584 | 23.4 | .730
120 1.53 | 15.1 | 586 | 30.7 | .808

Regarding the number of stringers, Sy, its optimum
value has been found to be 80 rather than 100
appeared in Reference 12(see Table 7). As far as
the present results are concerned, it seems that as
more design variables are considered in the optimis-

ation procedure, more cost saving can be achieved.

5. Conclusion

This paper has been concerned with optimum
design of stringer-stiffened cylinder with constraints
on the allowable reliability and design requirements
specified in various design codes. From the present
numerical results followings can be drawn:

(1) when the optimisation procedure based on
reliability analysis is adopted, more than 10 to
139 cost saving may be possible for the allowable
reliability index of 3.72 compared with the

original design.

(2) the use of the improved strength model can
guarantee more cost saving while retaining the
same level of safety.

Because of the nature of the present model of the
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objective function(see Eqs. (1) and (3)], there isa
close correlation between weight saving and cost
saving.

In this study the structural cost is assumed to be
proportional to the structural weight. It should be,
however, more completely assessed with considering
the Nevertheless the

reliability based optimisation procedure seems to

realistic construction cost.
provide the design with the design having safety as
well as economy compared with the a deterministic
optimisation.

Further study in this area is required belore
applying the concept to practical designs and it may
be valuable to pursue such study to achieve a more

economic benefit in the design stage.
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