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ABSTRACT

. Based on evaluation of fatigue failure probabilities
for different service periods of marine structures, adap-
tive inspection and subsequent repair strategies are
developed. It is explained how planning of inspection
time intervals can be optimized with respect to total
expected cost. The term adaptive shall underline that
decisions taken after inspection are based on failure
probabilities that include inspection results, i.e. the
time interval to any subsequent inspection depends on
the actual siate of the considered structural element.
The Paris-Erdogan crack propagation law is used with
crack instability as the faillure governing fatigue crite-
rion. Siresses are determined as Gaussian random pro-
cesses, which are based on linear stress calculations
using advanced hydrodynamic wave load theory and the
finite element method. Load and resistance parameters
are assumed to be uncertain. The results of the finite
element analyses and the reliability calculations are
linked through a response surface program using Her-
mite polynomials. The method is exemplified with the
determination of the optimal time interval to the first
inspection of a haich cormer of a container ship opera-
ting on either a North Atlantic or a Pacific shipping
route.

INTRODUCTION

Ships and offshore structures are subject to substan-
tial fatigue caused by nearly permanent action of waves
and other environmental and operational load cycles.
Traditionally, such structures are inspected at regular
time intervals and, possibly, repaired or even put out of
service if the damage has reacﬁed critical values. Such
inspections are costly and repair can be difficult, but
high standards of quality must be maintained through-
out all phases of fabrication, installation, and operation
to protect men and environment from serious harm or
damage. Thus, inspections and repair should be done as
effectively as possible with due regard to costs involved,
i.e. modern inspection and repair strategies should aim
at highest possible degree of safety :at lowest possible
cost. ‘

Detecting and measuring cracks is difficult and may
not be very informative at short time intervals after a
ship or offshore structure is put into service because
normally not much damage has been accumulated. If
late inspections are "accomplished, however, serious
damage may have been developed. Thus, inspection
planning is a problem of optimizing inspection time
intervals, amount of inspections, and thresholds for
decisions whether to repair or not.

The problem so far appears to have mainly empiri-
cal solutions. Besides a basic study E’a.ng &Trapp 1974]
very few references are availablec; adsen 1987, Seren-
sen & Thoft—Christensen 1988]. Our present approach,
which, in its basic concepts, was already outlined in
E:‘ujita. et al. 1989), is an adaptive inspection strategy
ased on cost optimization, now coupled via response’
surfaces [Schall et al. 1991] with modern hydrodynamic
and structural analysis methods.

For the latter we make full use of the latest deve-
lopments in numerical modeling of marine structures in
their natural environment, both in theory and practical
applications. This is possible because numerical tech-
niques could be improved substantially, e.g. by deter-
mining hydrodynamic forces on a ship making direct
use of 3D linear potential theory of moving bodies in
gravity waves [Ostergaard et al. 1979, Papanikolaou et
al. 1990]. Stresses and stress concentrations in struc-
tural members of a ship due to those forces are calcula-
ted by efficient finite element codes [Bathe et al. 1982].
Simultaneously, modern concepts and tools to model
the random nature of most of the input parameters and
the techniques to quantify structural failure probability
in terms of probabilistic measures are available. Com-
guter programs efficiently perform the required proba-

ility integrations for a large set of probabilistic models
and arbitrary failure criteria for large dimensions [Ho-
henbichler al. 1987]. Recently developed programs
handle complex computational tasks to calculate time
variant failure probabilities [Bryla et al. 1990].

Response surfaces were introduced because a direct
combination of state—of-the—art hydrodynamic and
structural analysis with modem reliability computa-
tions is still not feasible. The numerical effort of a
sound reliabilitg analysis grows roughly quadratically
with the number of basic uncertamn variables. In-
teresting studies of the kind were, however, performed
(we refer, for example, to [Mansour 1974, Ferro & Cer-
vetto 1984, Akita 1988]), but simplifications either in
the mechanical model, in the reliability model or in
both models were made.

FATIGUE FAILURE PROBABILITY

We shall restrict our considerations to the crack
propagation ghase only but mention in passing that
simlar considerations can also be made for the endu-
rance limit or initiation phase of crack development.
Crack instability is taken as the governing failure mode.
The types of steel and the environmental conditions of
marine structures normally are such that the concepts
of non-linear fracture mechanics apply. Omne of the
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simplest failure criteria is

(1) () =fpSr — K1) <0
{[%f‘“[m(%srm]]“’ }

where §; and K {t) are non—dimensional Elastic collapse
and fracture parameters, respectively. These quantities
are defined by : .

5
y+ou
(3)  Kdt)= %1: Y(A(t)%lzm'ﬁ Sox

1

(2) S,zQ"-

with Sp the peak stress at the net cross section of the
structural element and Sp; the peak stress including
macroscopic stress concentration and residual stresses.
Sy 'and Sy are the yield strength and ultimate strength,
respectively. K. is the fracture toughness, A(t) the
crack length at time t and Y(A(t)) a geometry factor.
For a crack at the edge of a panel the geometry factor
can be assumed comstant Y =1.12, Qther sometimes
more realistic, experimentally based failure criteria can
. be found in [Milne et-al. 1988]. ‘

For crack propagation a simple one—dimensional
crack growth relationship is assumed

@ dAMD) - ¢ (Y(A(r) (AT AS(H)M

with AS(r) the stress range at t=7, C and M material
parameters. This equation has to be integrated in order
to determine the crack length A(t) at time t under the
initial condition A{0) = Ap. The time dependent crack
length A(t), which enters into (3), yields a time variant
reststance threshold. For random loading an appropriate
counting of the damage relevant stress cycles has to be
performed. For simplicity of presentation it is assumed
that. the stress process is a-zero mean Gaussian process
with variation o¢2 = mg and regularity (band width)

arameter o = 1 — 2 = my?/(mo mgi m; being: the
i—th specttal moment of the process. The usually con-
servative peak counting method is applied for an effec-
tive stress range AS(7) = |2 Spax(7)| with Spax(7) the
magnitude of local maxima at time 7. Thus, the fol-
lowing analytical approximation for the crack length at
time t can be obtained [Abdo et al. 1989)

(5) ¢(A(t)) = Y(Ao) + ¢ %;J% (mM

M2 :
[ et rardem)|

YW A(t)) is a-function obtained by integrating (4) with
respect to A(7). It depends on M and C in the Paris-
—Erdogan equation (4) and the particular form of the
geometry function Y(A(7)). Ty(.) is the central Stu-

ent's t distribution with degree of freedom ». The in-
verse function ¢)(.) yields the crack length A(t) at
time t which is needed in (1) and (3).

The spectral moments mo, my, and m, -are given in
a_quasi—analytical form using response surfaces as ex-
plained in [Schall et al. 1991].

"Even under these simplifying assumptions no closed
form solution for the time variant- failure’ probability
exists. I, however, interest is in small failure probabili-
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ties a well-known asymptotic formula based on the
assumption of Poissonian exits of the stuess process out

- of the safe domain can.be given [Leadbetter et al. 1983].

(6)  Py(tlna)~l-exp [—j;ff(F(ﬂr,q)) ar]

Herein, #*(.) is the outcromsing rate of the stress process

’ isg'r)} out of the safe domain into the time variant
ai

ure domain denoted by F(.) as defined in Sl), risa
vector of time invariant.random variables describing

* system properties-and strength patameters (e:g frac-
-ture toughness, yield and nltgate tensile strength, and

initial crack length), and q is an ergodic sequence de-
scribing the long—term &uctua.tiona of the environ-
mental load process (e.g. sea state parameters as signifi-
caut wave height H,, wave period T\, and main direc-
tion of seaway #) and of the operational loads (e.g. ship
speed V, and loading condition of the vessel). It is im-
portant that this failure probability is written as a con-

ditional ' failure probability. Only then the aforemen-

tiox:id Poissonian nature of the failure evenis is en-
sured. ’ : ’

The outcrossing rate of the stress process {5(7)}
out of a safe domain as specified with' lglca.n be written
somewhat more precisely in terms of the speciral mo-
ments m;, the-time variant equivalent resistance Rg(7),
and the still—water stresses ug

() w(wrlr,q))éﬁé;j;&p[—é[&xf-_gﬁs]]ar

where the equivalent resistance is given implicitly in (1)
but can be formulated explicitly as

®  Retr) =Bt oy ferp ¢

[Y(A( )Ifﬁr(ir (Sy+s.,)]2}]

The total failure probability can be obtained by
taking the expectations with.respect to R and Q in a
certain manner. In [Schall et al. 1990] it was shown that
the unconditional failure probability can be calculated
according to the following asymptotic scheme with rea-
sonable accuracy if the time t is sufficiently large
compared to a characteristic fluctuation period of tEe
sequence Q .

®)  P{)~B(T < w1 ~Epexp|-
- Bq[ eI Q] )

where Ex[] -denotes expectation with respect to the

-random wector X, and T is the random time to failure.

In general, the dimension of R and Q are far too lar,
to perform the necessary integrations to obtain the
expectations by a direct numerical integration scheme.
However, it is possible to apply FORM/SORM con-
cepts. Efficient numerical methods to carry out the
calculation of the expectation with respect to parame-
ters R and Q-and the integral with respect to time 7 on
this basis can be found in Fgryla et al. 1990). .



INSPECTION PLANNING

Consider first the simple case of a structural ele-
ment with one planned inspection in between a pre-se-
lected service time tg The time to inspection shall be
defined and a decision shall be made whether to repair
or not on a minimal cost basis, We assume that after
repair the structural element has properties as if it was
new. Further, inspection as well as repair time are as-
sumed negligibly small compared to the time to inspec-
tion and the total service time.

If at time t = t an inspection is performed, which,
of course, is only possible if the structural element has
survived up to this time, the actual state is observed. If
Ro repair 18 required the posterior probability at t- =
ts—ty 1s Pg''(te—t)). I this value or some damage indica-
tor exceeds a given limit repair is required. The proba-
bility of repair is denoted Py(t;). If the structural ele-
ment is repaired the residualeailure robability is deno-
ted by P¢'"'(t,—t;). This failure proba.gility is based on a
new realization of the stochastic properties of the struc-
tural element. The situation is illustrated in Figure 1.

t=0
1-Pely)
| WG] |
1. | l
=t | I
| |
| 1Palt) |
: no repair :
[RRNY S. N S S S S— X —1
1Pl ty) Pritet) 1P () P (-1,)
t=t; {no failura | |failure (Cr}] |no faiiure| [failure (Cr)f
Figure 1: Decision Tree

Three types of cost are involved: the cost of inspec-
tion Cy, the cost of repair Cy and the cost of failure Cy.
These costs are assumed to be independent of the time
when they occur, i.e. no capitalization of costs is taken
into account for convenience of presentation.

Under such conditions the expected total cost is
given as

(10)  Clti,te)=Ps'(t)Cr + [1-Ps'(ts)] -
[Cr+{Px(t0)}-{Cr+Ps"(ts~t1)Cr}+
{1-Py(t1)} - {P¢'(ts—41)Cp}]

Because Pf|§t|) is increasing with t; as well as
Pp(t), and Pg''(ts—t1) as well as Pg'"(tg=t|) are de-
creasing with t; there must be a time t,* at which the
total cost has a local minimum. Thus, an optimal value
for the time to inspection can be determined.

The structural element is inspected at time t,* and
actual observations become available on which a deci-
sion about repair is taken according to a prespecified
rule. After repair at fime t,* the structural element is
treated as new. In case of no repair the crack state ob-
served during inspection (with or without measurement
error) is taken as the initial crack state for the analysis

of the interval to a second inspection. Proceeding in this
manner establishes an adaptive scheme for planning of
times to inspection, which takes account of all available
wnforination.

The failure probability P¢''(te—t,) can be calculated
by modifying Ps'(ts) under the condition that the struc-
tural element has survived up to time t,

(11) P"(te—t1) = Pe'(ts) — Pe'(t)

This probability function of the time t, to the first °
repair is not updated, because the crack length at time
ty is yet unknown. If, however, inspection is performed
at time t; a new failure probability function P¢'j(t—t)
for time t 2 t; has to be calculated. Let E t,g be the
inspection event at time t, then the probability of
failure at time of the first inspection and before any
further inspection is calculated as

P[F(t-t )NE(t,)]

(12) P'i(t—4)=P[F(t—,) | E(t)] P[E(t,)]

Nominator and denominator of the right hand side
of this equation can be separately evaluated using mo-
dern reliability analysis software.

According to [Madsen 1982] it is useful to distin-
Euish between two types of crack observations. Let &;
e an observed crack length and A(t|r,q) the crack
length at time t according to the calculation model (5).
(Compare (6)1f for the meaning of ''|r,q".) The observa-
tion events then are formulated as equality and- in-

_ equality constraints

(132)  Ea(ty) = {(Altiln.a)=: = e}

where ¢; is the measurement error in the observation, or

(13b)  Ena(ts) = {(At1]r,q)—8s < &)}

if no crack is observed. Asymptotic first and second
order results for the evaluation of of probabilities of
events with equality constraints were outlined the first
time in [Madsen 1985] and studied more intensively in
[Schall et al. 1988]. In (13a) ap is the lowest detectable
crack size and €, is the corresponding measurement
ebrrfor depending on the particular inspection method as
efore.

Whether a structural element is repaired after in-
spection or not depends on the result of the actual ob-
servation. The necessary decision rule can, in principle,
be based on the potential gain in residual reliability. A
simpler and probably more practical criterion directly
uses the measured crack length. An example of such a
crack length based decision rule D is given as

(14) D(tl)={repair if A%tl

no repair i A(ty

1':‘1; 2 e rep
L,q) < ac yep

The critical repair crack length ac sep needs to be

predefined. Since the event of repair depends on the
decision rule, the probability of repair is

(15) Pn(t]) = P[R(tl)]

where

(16) R’(tl) = {a-:,rep"‘A(tl 'r)Q) < O}

To further clarify the effect of repair (or replace-
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ment) the simplest model is to assume independence of
the properties between the previous and the repaired
condition of the structural element. The probabiﬁty of
failure after repair is then

(17) Pe''(te=t1) = Pe'(te—t1)
Note that other r?a.ir strategies are possible and
can also be incorporated.
EXAMPLE
Part of the outlined concept of adaptive planning of
inspection and repair is now illustrated. The time inter-
val to the first inspection is determined for a modern
3rd generation container ship which was analyzed in
usefui details in [Schall et al. 1991]. Some data of the
vessel are collected in Table 1.
Table 1:
Lfm Bfm H/fm D/m Afto V/m/s
. av.
157 23 118 89 20514 7.0

Main data of Container Ship

Stochastic Models of the Environment

The spectral moments m; as used in {5) and (7)
depend on stochastic variables Hy, Ty, # Suitable sto-
chastic models for Hy and Ty can be inferred from lon
term seaway statistics that are available in form o
scatter diagrams tepresenting relative frequencies
p(Hy,Ty) of observed values of Hy and Ty. Based on
published data [GLOBAL WAVE STATISTICS 1985],
averaged over the different observation areas, e.g.
15/16/24/25 to include the main EAST-WEST ship-
ping routes of the North Atlantic, the distributions of
H, and T, were estimated in [Schajl et al. 1991]

(18)  F(Hy,Ty) = F(Tyl Hy)-F(H,)

with

(19)  F(TJH,)=1-exp [_ [T_;(;ﬁ]k(ﬂv)]

v

according to [Houmb & Overvik 1976], where
(20) u(Hy) = a exp[b Hy]
(21) k(Hv) = c exp[d H,]

For simplicity, the parameter x was taken indepen-
dent of Hy. For the North Atlantic shipping route a
maximum likelihood estimation determined e.g. a =

5.7, b= 005 c=4.6d =002 and s = 2, and a least
square fit of the statistical data gave

(2) ) =1-exp|- ] ¥

Similar formulae were obtained for the Pacific shipping
route.

. The stochastic model of the angle # between main
direction of the seaway and the orientation of the struc-
ture was obtained in [Schall et al. 1991] as

(23) F(f)=g=9 for 0<<2x
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_ A deterministic value used for the still-water stress
fig is given in Table 2.

Stochastic Models for Material Parameters

Material parameters should be modeled as random
variables due to significant scatter of test data. Parame-
ters such as fracture toughness Ky, or yield strength 5y,
and ultimate strength Sy, are modeled by a Weibull or
log—normal distribution, respectively, see Table 2.

The initial crack length Ag is mainly related to the
specific material, method-of fabrication process {cold
worked, surface processes), type of connection (welded
or bolted), and form of the structural element under
consideration. In practice the choice of the distribution
of the initial crack length raises'one of the most difficult
questions as it involves also techniques of quality con-
trol, inspection, and the definition of the termination of
the crack initiation time. In Table 2 a reasonable choice
for our purpose is presented:

The parameters of the crack growth law (4), i.e. the
exponent M and the factor C, should also be modeled
stochastically. A large number of laboratory and field
data is available. M and C are necessarily highly and
negatively correlated. For physical reasons, the expo-
nent M appears to be nearly a constant with its value
around M = m = 4. C is modeled by a lognormal distri-
bution, see Table 2 - :

Table 2: Stochastic Model and Parameter As-
sumptions

Para~ |Stoc. | Location Dispersion
meter |[Model | Parameter Parameter
Aoy Rayl. 2 mm -
M=m | - — 4 -

¢ Logn. | 5-10°V7 20%
K Weib. | 100 MNm3iZ2 15%
Y(A) | - 112

3y Logn. 400 ¥Pa - 7h

Su Logx. 550 WPa i)

Hy Weib. | comp. (22) comp. (22)
Ty|Hy |Weib. | comp. (19) comp. (19)
U} Unif. | 0 ~ 27 -

™ Unif. 80 — 100 ¥Pa -

Spectral Moments of Stresses

Stresses at highly loaded locations (hot spots) of
the vessel's structure are calculated by the finite ele-
ment method. About 7000 nodal points and about
18000 elements were introduced to describe all strength
relevant structural elements of the ship. Plain stress
elements (about 14000) and truss elements { about 4000)
were used. A few beam elements were needed to repre-
gsent e.g. ship board cranes and the rudder. Six support



elements were needed for free support, suppressing free
body motions but not inducing any stresses in the ship.

The finite element code used is a special version of
SAP IV [Bathe et al. 1974] as developed by Germa-
nischer Lloyd. Figure 2 gives an impression of the FE
tnode] of the container ship.

‘-:‘F_.i_’?f'

FE Model of a 3rd Generation Contai-
nership

P_‘ig;ure 2

The global stress analysis is too clumsy for accu-
rately computing the stress concentrations and a de-
tailed local FE model was developed to represent the
neighborhood of the hot spot. Details of the FE—mo-
dehn]g of the hatch corner etc. are given in [Schall et al.
1991].

Local stresses could then be calculated for 40 diffe-
rent elementary wave periods T=2r/v ranging from
0.75 s to 40.0 s with umt wave amplitude yielding the
transfer functions of stresses Ygu(w). With the transfer
functions the stress spectra

(24) Sss(Hv,Tv,0)=Y552(v) - S 5(Hy, Ty, 0)

could be established using parameters Hy and T, to
define S,7 as the Pierson~Moskwitz standard spectrum,
The related three spectral moments mo, ms and m, of
Sgs as required in (5) and (7) were defined as

' (25)  mi= [T ai-Sgg(w)de

Fatigue Failure Probability

Evaluation of (9) was made possible by definition of
response surfaces as quasi—analytical representations of
the spectral moments m; as functions of Hy, Ty and 4.
The geta.ils are explained in [Schall et al. 1991].

Two service routes for the containership were con-
sidered, which differ significantly with respect to their
wave climate. In Table 3 the fatigue failure probability
is fiven implicitly as the so—called equivalent reliability
index

(26)  Bg(t) = ~¥!(Pe'(t1))

with & the standard - normal distribution function. The
higher #—values represent the lower Py'—values. Table

3 indicates that there is a significant difference between
the fatigue failure probability onm different shipping
routes. Thus, inclusion of statistical information on the
wave climate as experienced by the ship on its actual
route is one major concern of our further studies on
adaptive inspection planning, which cannot, however,
exemplified here.

Table 3: Location and Dispersion Parameter of

the Significant Wave Height H,, and

Equivalent Reliability Index gﬁ for Dif-
1

ferent Sea Routes and Service

mes
service days |Loc. |Dsp. | B
at par. |par.
route  [time | sea Hy/m |Hy/m
North 4y 800 2.71 |1.54 |6.02
Atlan- | 8y | 1600 [2.71 |1.54 [5.97
tik 12y | 2400 2.71 [1.54 [5.79
16y | 3000 |2.71 [1.54 |3.89
Paci— 4y 800 2.12 |2.01 |7.62
fic 8y | 1600 [2.12 }2.01 |7.60
12y | 2400 2.12 12.01 |7.47
15y | 3000 2.12 12.01 (6.30

Planning of Inspection and: Repair

In Figure 3 and 4 the calculated probability func-
tions are given are given for the North Atlantic and
Pacific shipping routes, respectively. Abbreviations are
chosen as in Figure 1

5x10°
Pr
4x10%
'.\\ A
1 /
: . - /
T I .
3x10 .. Py /
R N /
. /
l‘ ‘\ *
-9 ] » . F
2x10 [ " W
Ht ' / i
- Py v \~.
. \‘.
1x10-* 7 .\
_ /,/.ﬁ Py IS . \
e ")
0 T !
0 4 8 12=t,
1, years
Figure 3; Probability Functions for the North

Atlantic Shipping Route

P¢'(t) is the failure probability during [0,t] of the
structural element without inspection. Pg'%t) and Pg(t)
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are continuously growing with t while P¢'(t) and
P¢'''(t) tend to zero for t = t; = 12 years. Any other
service time tg would be a valid assumption, e.g tg = 15
years. Since greater service times had no significant
effect on the optimal time to the first inspection t; but
the appropriate graphical presentation of results became
difﬁcula, we used t; = 12 years in the example.

1x10-13

Ax10-14 ™ g
x el B -
" -
— "\ -~
" % _/
Py S
2x10-4 o
’ - .,
./ Pf' \a.\
/'/P ™.
~
0 T T
0 4 8 12=t,
1, years
Pigure 4: Probability Functions for the Pacific
‘Shipping Route

Repair is performed if the crack size measured at

time of inspection exceeds ac,rep = 15 mm, Figure 4
indicates that there is always a small probabiﬁ‘:y of
repair Py (i.e. there is a probability of a too large crack
length according to (15) and (16)) even for a new ship
with time to inspection t, = 0.

To evaluate (10) the following cost assumptions
were taken:

Ci=0 Cp=108 Cp=108

The inspection cost C; is constant with time and
comparatively low. C; was set to zero in order to make
?osmble a clear graphical presentation of 1pro_bable cost
unctions in Figure 5 and 6, where the following abbre-
viations are used:

C'=P¢-Cy
(probable cost of failure before inspection)
C" = [1-P¢'(t))] - [{1-Pp(t)} - {P"(te~t)Cr}]

(probable cost of no failure before inspection, but
no repair after inspection and failure)

C'" = [1-P¢'(t)] '[{Pl(tl)} {Ca+Pe""(te~41)Cp}]

(probable cost of no failure before inspection, but
repair after inspection and failure)

V-F-6

C=C'+C" 4+ C" 4 [1-Pe(t.)]-C

{expected total cost, i.e. sum of all probable costs,
including probable inspection cost at t;)

8x101 -
101 4
6x10- c
4x10-1 c o o
e >
— L . "'--...___‘- i -
. % "'-..:_‘:‘““‘"
2x10" R T
tl* ’_’_,/‘
- C' Pt
.--""'—’--
L — T T
0 2 4 6 8
1) years
Figure 5: Probable Cost Functions for the North
Atlantic Shipping Route
8x105
'-——--—'_
. C N
6x106—
4x10'6‘~'\-.,__."ﬁ .
- ] Rt
O -
. -
~_.
2x106~ ) P
LT .
- C""""-:/'/ ™
- *
- 4
-
0= 1
1 1 |
0 2 4 6 8
_ t) years
Figure 6: Probable Cost Functions for the Pacific
Shipping. Route

The expected total cost C increases with t;>t,%,
which must be attributed to the strongly increasing
probable cost functions C'(t;) and C''(t,). Increasing
the probable repair cost moves the minimum to the left,
which strongly contributes to the result that the opti-
mal inspection time for the North Atlantic Shipping
route is shorter than for the Pacific. Increasing the re-

air threshold moves the minimum to the right because

arge cracks can only be observed at comparatively late
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times. Decreasing the inspection and repair cost also
moves the minimum to the right,

According to Figures 5 and 6 first inspections would
be optimal at t;* = 3.8 or 4.7 years, respectively. This
result, if generalized, leads to the conclusion that first
optimal inspection of the hatch corner could be delayed
by nearly one year for continuous operation in the Paci-
flc compared to continuous operation in the North At-
antic.

After the first inspection, various actions should be
based on the decision concept that we recalled from
[Fujita et al. 1989] in the previous chapter. These de-
tails were extensively discussed in [Fujita et al. 1989]
and will not be repeated here.

CONCLUSION

A concept of adaptive inspection and repair pla,nning
based on a minimal cost principle has been presente

and partially illustrated with tge example of possible
fatigue failure of a hatch corner of a modern container
ship. The concept aims at rational decisions on inspec-
tion intervals and on the amount of inspections and
repairs during a ship's service time. At present, further
development 1s necessary and under way. Therefore, we
do not suggest immediate application but we think that
such rationalization of inspection strategies with appli-
cation of modern methods of reliability analysis will be
adopted to effectively control practical ship operations.
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DISCUSSION

‘Walter M'ac-[_e'an developamnonalappmachformspecuon Wouldtlusbc
a safe projection? - -

» May I offer the éﬁggestion that you have just made the
case for monitoring systems.and by moniloring the en- €., 6stergaard
vironment as well as the response in key areas you can

“Yes, I think so. It’ soneoftheaunsthatwehavemmmd.

V-F-8



