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1. INTRODUCTION 

In the present study a requalification scenario of an existing offshore steel jacket platform 
(fig.1) has been investigated (ref./11). The requalification process of an offshore structure 
brings together structural and reliability analyses, inspections data interpretation and rational 
inspections planning over the operating life; it is a key aspect in the management of a platform 
for severa) reasons: 

many platforms have reached their design service Iife; 
some of them are stiH temporarily manned; 
structures installed before 1970 have not been designed taking into account fatigue 
phenomena; 
the employed reliability analyses allow explicit consideration of specific damage conditions 
observed through inspection; 
it is possible to optimise inspection costs, frequencies and acceptable risk level. 
The main goal of this contribution is to show some practicat aspects affecting the results 

of fatigue reliability crack growth analyses on a typical Adriatic sea platform. The focus is on 
the selection of the suitable characteristics of the basic variables employed in the limit state 
function and on parametric and sensitivity analysis. In this way it is possible to identify the 
main sources of uncertainties on which it would be appropriate to concentrate efforts to 
increase platform reliability. The fracture mechanics approach in a probabilistic formulation 
offers a hasis to develop a rational treatment of such uncertainties. 

2. LIMIT STATE FUNCTION MODELLING 

The study of the fatigue problem according to the fracture mechanics approach is based on 
the Paris-Erdogan law (ref/2/). It relates the crack depth increment t.a, during one Joad cycle, 
to the stress intensity factor range t.k, in the sarne load cycle. Since the crack increment for a 
Joad cycle is generally very little if compared to the crack dimension itself, the Paris-Erdogan 
law can be formulated in an incremental way: 
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(1) 

where dN is the increment of stress cycles number, whereas C and m are material constants. 
The stress intensity factor range âk is expressed by the following formulation: 

L\k = âu· Y(a)·.Jtr ·a (2) 

where âa is the far-field stress range, whereas Y(a) is the geometry function and depends on 
the crack depth a. 

The failure criteria is based on the fact that the crack depth OŢ, propagated in the time 
range (T-T0), exceeds the critical crack dimension ac, assumed to be equal to the element 
thickness. This criteria can be formulated as follows: 

(3) 

Introducing the functions R(a), "structural resistance", and L(a), "load term", and applying 
the failure criteria of equation (3), the safety margin can be defined as follows (ref./3/): 

M=R(a)-L(T) (4) 

J exp(Inc).--=-.Q.. I: N· ·A-m· 1+~ = o M= aţ da T T. 4 { ) 

aoY(a)m.(.Jn-a)m 20 i=1 1 1 Bi 
(5) 

In the above equation, the contribution of four wave direction has been considered in the 
Joad term. 

3. RELIABILITY UPDATING BASED ON INSPECTION RESULTS 

Platforms in service are inspected to detect cracks before they become critical. A crack 
can be found at the time Ti and its Jength measured: 

(6) 

where amj is generally random due to measurement uncertainties. Then the safety margin can 
be definea as: 

al!li da T- To 4 { m) M· = I exp(JnC)·--· I: N· ·A·m· 1+- = O 
1 ao Y(a)m.(.JK-at 20 i=1 1 1 Bi 

(7) 

A second type of inspection result is that no crack is detected, thus: 

(8) 

where ad is the smallest detectable crack length, depending on the inspection method used. 
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Similarly: 

J exp(lnC)·__:____Q_· IN· ·A·m. 1+~ ~ O M = ap da T T. 4 1 ) 
ao Y(a)m.(~t 20 i=1 1 1 Bi 

(9) 

4. VARIABLES MODELLING 

In the limit state equation (5) the employed variables can be modelled as random or 
deterministic. The considered model for each of them are reported below and summarised in 
table 1. 

4.1. Initial micro-crack a0 
The variable a0 has been assumed to be exponentially distributed and its cumulative 

distribution function has the following expression, ref /4/ and /5/: 

(10) 

in which a mean value of O .11 mm has been considered. 

4.2. Critical crack depth ac and thickness t 
The Gaussian stochastic model for both the variables ac and t has been assumed. The 

inspection results carried out on the platform, have been used to estimate mean value and 
standard deviation of these variables. 

4.3. Initial time T0 and final time T 
The variables T 0 and T are deterministic; in a conservative way it has been considered 

T0=0, that means to have the crack beginning when the platform was installed (1971). The T 
value depends on the date on which it is desired to have the reliability results during the 
parametric study execution. 

4.4. Wave numbers N 
In equation (5) Ni represents the wave number occurring in the i direction expected in the 

time range (T-T0); it is considered a deterministic variable. 

4.5. Material constants C and m 
In order to model the material constants, the results of severa) studies reported in ref/4/, 

161, 171 and /8/, have been used. In the mentioned references it seems tobe accepted the use of 
normal distribution for both the variables lnC and m, with the mean values equal to -29.75 and 
3.0 respectively, and the corresponding variances 0.5 and 0.09. The numerous experimental 
data have proved a correlation coefficient p equal to -0.9. 

4.6. Weibull distribution parameters A and B 
To solve equation (5) it is necessary to determine the values ofthe two Weibull scale and 

shape parameters A and B that detine the cumulative distribution function ofthe stress range S. 
It has the following forrnulation: 
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(li) 

Instead of averaging the effects of the four wave directions considered to obtain only o ne 
curve as usually done, four "long term stress range distribution" curves per analysed 
connection have been considered; each i curve represents the probability that a S value is 
exceeded for that i wave direction. 

In ref./4/, /6/, /71 and /8/ it is described a suitable stochastic representation ofthe scale and 
shape parameters of the Weibull distribution: for the parameters Ai, a lognormal distribution 
has been assumed and a coefficient of variation equal to 10% has been considered; similarly, 
for the parameters Bi a lognormal distribution has been used. This choice is justified by the 
observation that, since B ranges between 0.4 and 0.7 for the Adriatic Sea, using the lognormal 
distribution it is taken into account that B can not physically assume negative values. A COV 
of 10% has been used. 

4.7. Geometry function Y(a) 
The geometry function Y(a) formulation has been extracted from ref/6/, confirmed also 

by ref/4/ due to its suitable adhesion to the problem physics reality: 

(12) 

where Y unw represents the geometry function that takes into account the assumed semi
elliptical shape of the crack, neglecting the welding effect ("unwelded"), while Mk(a) is a 
correction factor that considers the influence of the welding in the stress concentration 
estimate. They have the following expressions, ref/9/ and /10/: 

(13) 

Mk(a) = 1.0+ 1.24· ex1-22.1·(7 )]- 3.17 · ex1-357 ·(7 )] (14) 

To consider the uncertainty related to the above formulation of the Yeff,average (a), a 
stochastic variable Y 1 has been introduced (ref/8/). Therefore, the final modelling of the 
geometry function Y(a) is the following: 

Y(a) = Y1 · Yeff,average(a) (15) 

Concerning Y 1 a lognormal distribution with unitary mean value and COV equal to 0.1 
has been adopted. 

4.8 Minimum detecta bie crack depth ad 
The subsea inspections can not cover ali the joints of the platform. Furthermore, due to 

the uncertainty within the adopted inspection method, a probability exists that, at the time of 
the inspection Tj, a crack oflength 2c (or depth a) is not detected. 

Therefore, the Probability Of Detection curve, POD, assumes a considerable importance 
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and it is obviously a function of the adopted detection method. The inspections are mainly 
performed using the "Magnetic Partide Inspection" (MPI). Due to the good accuracy of the 
execution of the inspections, it is possible to use the POD curve proposed by a Brite study 
mentioned in ref./8/, in which the cumulative distribution function of the crack detection has 
the following expression: 

POD(2c) = P0 · {1- exp[-~ · (2c-a)]} (16) 

where the POD curve is a function ofthe superficial crack length 2c, Po has a value very close 
to unity and represents the probability of detection of a long crack, ~ is the growing speed of 

the curve, 0.04 mm-1 (ref./8/), while a is the minimum detectable crack length, 6.67 mm 
(ref./11/). A comparison with different formulations from ref /71 and /8/ has been made, in 

which there is the same hypothesis .!!__ as constant ratio (semi-elliptical shape crack). 
2c 

Taking into account some experimental results of offshore tubular joints (ref/8/), it has 
a 

been possible to assess a more appropriate formulation of the POD curve in which the ratio -
c 

is deeply conditioned by the relative crack depth ~, see figure 2; in particular, ~ decreases 
t c 

a 
when the ratio - grows. Analysing these experimental results, it can be noted that in the initial 

t 
phase, the crack has nearly a circular shape and only during its development becomes elliptical. 

The POD curve proposed in this study is shown in figure 3 together with the other 
formulations. 

5. ANALYSIS OFRESULTS 

A summary of the reliability fatigue analysis results and their discussion and interpretation 
are in the following. It must be pointed out that the reliability index P has been calculated using 
the second order approximation method (SORM). 

In figure 4 the p index behaviour for a K joint is shown. The values have been calculated 
by the program PROBAN (PROBabilistic ANalysis, Det Norske Veritas Sesam) every six 
months. Analysing the results, it can be noted that after a few years of service p is below the 
range ofthe allowable values. These last ones have been evaluated in accordance with ref./111, 
in the case ofmanned platform (lower line) or not one (upper line). 

From these figures it stands out the big increment of the ~ index after the inspection 
performed in 1987. This increment, due to the absence of cracks, keeps the values of~ above 
the limit even after the second considered inspection in 1991. It is evident that using the 
fracture mechanics approach in the reliability fatigue analysis it is possible to get an increment 
of the safety of the structure due to the possibility to take into consideration added information 
on the structure state as the time varying. 

Figure 5 shows graphically the importance factors of ali the variables after 22 years of 
service. Also the relative importance factors of the Bi parameters has been calculated in order 
to investigate the relative influence ofthe single wave direction in the considered joints (fig.6). 
After this evidence, it is possible to consider that, due to the different location that each joint 
has in the structure, it is reasonably important to consider separately the single wave direction 
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contributes in the limit state function. 
A sensitivity analysis to study the effects of the parameters on the ~ index, has been 

developed. A new reliability analysis has been performed every modification of the values of 
the random variables (considered as the parameter to be changed). Table 2 summarises the 
different variations in the sensitivity analysis carried out. 

Examining figure 7, relevant to a very critica! joint, it is evident that the random variables 
Yb lnC (together with m), ac and tare ofvery low importance for the original reliability index 
behaviour vs time. On the opposite, it is more evident the behaviour difference in the case 
where the parameters Ai and Bi COV have been changed, as shown in figure 8. 

Therefore, for a periodic structure monitoring, the determination of these two measures 
can be very useful for a qualitative assessment ofthe next inspection survey. 

Moreover, due to the possibility, allowed by this analysis methodology, to take into 
account the information coming from the inspection survey, the structure service life can be 
extended significantly; furthermore in order to design an inspection planning, the results of this 
contribution ha ve shown, if no cracks are found, the real possibility to inspect with reasonably 
increased time ranges and consequently to get inspection costs reduced up to 3 5 %. 
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VARIABLE MODELLING MEA.'! VALUE SCAITER 
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TAB. 1 
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