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1 INTRODUCTION 
 
Inspection and maintenance are essential aspects in 
structural integrity management and reliability engi-
neering. Due to cyclic fatigue loading and deteriora-
tion factors, fatigue damage accumulates and struc-
tural performance degrades with time. Inspections 
are important means to examine structural condi-
tions, to identify damage and to validate structural 
integrity. Following detection, repairs can be as-
signed to recover structural integrity and perfor-
mance before damage reaches the extent that could 
lead to catastrophic failure. Operational inspections 
are also important means to find human errors in de-
sign and manufacture procedure. Besides, inspection 
results can be used to validate existing design codes 
or to improve design codes by identifying and reduc-
ing conservatism (Moan, 2011).   

In spite of the benefits, inspection and mainte-
nance are cumbersome and expensive work for large 
and complex engineering structures with a substan-
tial number of fatigue-prone structural components, 

e.g., ship structures and offshore platforms. For 
these structures, fatigue cracks are wide-spread and 
can develop at every stage in the life cycle. The 
costs of inspections and repairs may account for a 
significant part of life cycle total costs, not only be-
cause of the large number of areas involved, but also 
because of poor inspection accessibility and huge 
economic loss during inspection and maintenance 
downtime. In this regard, inspection programme is a 
very important engineering decision that is relevant 
to both structural reliability and engineering costs. 
Scheduling and optimizing inspection activities 
could potentially save a substantial amount of engi-
neering costs without compromising structural relia-
bility. 

Reliability methods have been applied to inspec-
tion planning and optimization in structural engi-
neering, especially in offshore engineering and 
bridge engineering, to tackle with the uncertainties 
associated with fatigue loading, fatigue resistance 
and inspection performance (Soliman et al., 2016, 
Zou et al., 2017, Lassen and Recho, 2015, Dong and 
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ABSTRACT: Marine and offshore engineering has long been challenged with the problem of structural integ-
rity management (SIM) for assets such as ships and offshore platforms due to the harsh marine environments, 
where cyclic loading and corrosion are persistent threats to structural integrity. SIM for such assets is further 
complicated by the very large number of welded plates and joints, for which condition surveys by inspections 
and structural health monitoring become a difficult and expensive task. Structural integrity of such assets is 
also influenced by uncertainties associated with materials, loading characteristics, fatigue degradation model 
and inspection method, which have to be accounted for. Therefore, managing these uncertainties and optimiz-
ing the inspection and repair activities are relevant to improvements in SIM. This paper addresses probabilis-
tic inspection planning and optimization by comparative analysis for a typical fatigue-prone structural detail 
based on reliability, life cycle cost (LCC) and value of inspection information (VoI). With the objective of 
clarifying the differences between the theoretical basis and objectives for probabilistic inspection optimiza-
tion, three maintenance strategies for the structural detail are proposed and studied. It is found that different 
optimal inspection times are obtained with the objectives of reliability maximization, LCC minimization and 
VoI maximization. Also, planned inspection and repair can help to achieve higher reliability with fewer re-
pairs than repair without inspection (i.e. time-based replacement). If the cost of unit inspection and repair is 
not negligible compared with failure consequence, it is suggested to employ the optimization objective of life 
cycle cost minimization, which considers the costs of SIM. The paper proposes a simple approach for quanti-
fying the VoI, based on life cycle cost analysis for the three maintenance strategies. It is concluded that the 
VoI is relevant to both the optimal maintenance decision with and without inspection.   



Frangopol, 2016). Life cycle cost-benefit analysis 
has also been studied in order to make rational engi-
neering decisions and to reduce total engineering 
costs with a life cycle perspective (Ang, 2011, Lee et 
al., 2016, Moan, 2011). More recently, value of in-
formation theory has been introduced in structural 
engineering in order to quantify the value of inspec-
tion before it is implemented and to optimize inspec-
tion strategy (Thöns et al., 2015, Irman et al., 2017, 
Haladuick and Dann, 2018).  

However, some problems still remain as obscure. 
For example, what’s the difference between the the-
oretical basis and objectives for probabilistic inspec-
tion optimization? How planned inspection and re-
pair help to improve fatigue reliability and to reduce 
life cycle costs? How to quantify the value of in-
spection in a simple way? This paper addresses these 
questions by a comparative study based on reliability 
analysis, life cycle cost analysis and value of infor-
mation analysis for optimizing inspection time for a 
typical fatigue-prone structural detail.  

2 STRUCTURAL MODEL 

The structural model is a typical fatigue-prone stiff-

ened plate. It is well-known that the stability of plate 

is improved by stiffeners. However, the fatigue per-

formance may be reduced due to poor welding tech-

niques and presence of initial flaws in materials, and 

surface crack is likely to initiate and propagate along 

the weld toe of the joints, as shown by Figure 1.  
 

 
 

Figure 1. Structural model 

 

Fatigue reliability of welded joints is thus a prob-

lem that needs to be addressed and managed in the 

life cycles of marine assets. The frequency of wave 

loading is about 0.16Hz, and the annual fatigue load-

ing is approximately 𝑁0 = 5 × 106 cycles. The re-

quired service life is 𝑇𝑆𝐿 =20 years. The fatigue per-

formance is of this type of welded joints is classed 

as F and typical S-N curve is given by classification 

societies (DNV, 2014). In the design stage, fatigue 

failure is checked with a fatigue design factor (FDF) 

of 3. The chosen plate thickness is 𝑇 = 25mm, and 

the allowed stress range is 𝜎𝑒 = 19.24MPa. The de-

sign parameters are summarized in Table 1, in which 

𝑎1̅̅ ̅ and 𝑎2̅̅ ̅ are the fatigue strength coefficients, and 

𝑚1 and 𝑚2 are the fatigue strength exponents.  
 
Table 1.  Design parameters of the fatigue detail  

Parameter Unit Value 

𝑇𝑆𝐿  year 20 

𝑁0 cycle 5 × 106 

log10 𝑎1̅̅ ̅ N4 ∙ mm−6 11.855 

log10 𝑎2̅̅ ̅ N4 ∙ mm−6 15.091 

𝑚1 - 3 

𝑚2 - 5 

𝑇 mm 25 

3 PROBABILISTIC CRACK GROWTH 

According to fracture mechanics (FM), fatigue dete-

rioration is due to presence of initial flaws or 

cracks 𝑎0, and the propagation of initial cracks along 

the front of local stress concentration field (Fig. 2). 

The final failure is defined as the reach of a critical 

crack size, which is typically defined based on ser-

viceability analysis. It is often thought that the stiff-

ened plate is no longer serviceable if through-

thickness occurs. In this paper, the critical crack size 

𝑎𝑐 is set to be equal to the plate thickness, i.e. 

𝑎𝑐 = 𝑇.  
The relationship between the crack growth rate 

and the local stress range is given by Paris’s law  
𝑑𝑎

𝑑𝑁
= 𝐶∆𝐾𝑚,    ∆𝐾𝑡ℎ ≤ ∆𝐾 ≤ 𝐾𝑚𝑎𝑡                       (1)                                        

where 𝑑𝑎 𝑑𝑁 ⁄  is crack propagation rate; 𝐶 and 𝑚 

are material parameters; ∆𝐾 is stress intensity factor 

range; 𝐾𝑚𝑎𝑡 is material fracture toughness; ∆𝐾𝑡ℎ is 

threshold value for the stress intensity factor range. 
The stress intensity factor range ∆𝐾 is given by 

∆𝐾 = ∆𝜎𝑌(𝑎)√𝜋𝑎                                                 (2)                                                          
where 𝑌(𝑎) is geometry function and ∆𝜎 is stress 
range.  
 

 
 

Figure 2. Crack propagation process 

 
The stochastic process of crack propagation is diffi-

cult to predict and is subjected to several sources of 



uncertainties, e.g. those associated with the initial 

crack size, stress range and crack growth rate, etc. It 

is not easy to obtain meaningful statistical data on 

the initial crack size  𝑎0 for specific application due 

to measuring and sampling difficulties. In this paper, 

it is assumed that the initial crack size is exponen-

tially distributed and the mean value 𝐸(𝑎0) = 0.04. 

The uncertainties associated with calculation of 

stress range ∆𝜎 originate from description of envi-

ronmental loads, the methods used for calculation of 

structural response, stress concentration factor and 

the effect of welding notch, etc. In this paper, the 

uncertainties associated with calculation of stress 

range ∆𝜎 are modelled with a normally distributed 

variable 𝐵. The statistical parameters for 𝐵 are: the 

mean value 𝐸(𝐵) = 1 and the standard deviation 

𝜇(𝐵) = 0.15. Although the crack growth rate is af-

fected by many factors, it is often regarded as mate-

rial property. For marine structures, 𝐶 is often 

thought to be lognormally distributed and 𝑚 = 3.  
Statistical data for the variables are summarized in 

Table 2. 
 
Table 2.  Statistical data for variables 

4 OPERATIONAL MAINTENANCE  

Due to presence of initial flaws or cracks, the actual 
fatigue life may be shorter than that predicted with 
S-N approach in the design stage, as S-N curves are 
based on smaller initial flaws in specimens. So it is 
important to carry out structural integrity manage-
ment work in the operational stage of assets. As 
shown by Figure 3, the main tasks of integrity man-
agement are to develop an inspection programme to 
validate structural integrity and develop a mainte-
nance programme to recover structural integrity.  

Operational inspections are essential for several 
reasons. Primarily, studies show that it is generally 
not economical to design structural details in such a 
way that crack is unlikely to initiate in the service 
lives of marine assets. That is to say, it is more eco-
nomical to adopt a damage-tolerant design as long as 
efficient inspections are planned and the probability 
of crack detection is proved to be sufficiently high. 
Also, errors in design and manufacture could be 
found by operational inspections. Even further, 
damages or structural responses measured by inspec-
tions can be used to update failure probability as 
well as distributions of model parameters, and thus 
reduces uncertainties in design. From a broader per-

spective, the data collected in service can be used to 
validate a smaller safety margin and to reduce con-
servatism in design. 

However, inspections and repairs are huge and 
expensive tasks for marine structures, which are typ-
ically assemblies of a substantial number of plates, 
stiffeners, pillars and welded joints. The costs of in-
spection and maintenance may account for a signifi-
cant part of life cycle costs. It is thus important to 
properly schedule and optimize inspection and 
maintenance decisions, in face of uncertainties asso-
ciated with fatigue loading, fatigue resistance, in-
spection and repair methods.  
 

 
 

Figure 3. Structural integrity management 

5 INSPECTION PERFORMANCE  

Widely-used inspection methods in marine and off-
shore engineering are visual inspection and non-
destructive testing (NDT) methods. Visual inspec-
tion include general visual inspection and close vis-
ual inspection; while NDT methods include flooded 
member detection, eddy current inspection, magnetic 
particle inspection, acoustic emission inspection, etc. 
Visual inspection is economical and efficient to ex-
amine the general conditions of large structures with 
a substantial number of components. However it is 
not accurate enough to be used to detect cracks be-
fore they grow large in size or reach through-
thickness cracks. NDT methods are more accurate 
for crack detection yet expensive if there are a very 
large number of hot-spot areas. 

The performance of an inspection method is char-

acterized by the smallest crack size 𝑎𝑑 that can be 

reliably detected by the method. This is an attribute 

of inspection quality. The smaller 𝑎𝑑 is, the better 

inspection quality is. In this paper, magnetic particle 

inspection is adopted for operational inspections, for 

which 𝑎𝑑 = 0.89mm (Dong and Frangopol, 2016). 

Variable Distribution Unit  Mean 
Standard  

Deviation 

𝑎0 Exponential mm 0.04 0.04 

log10 𝐶 Normal N−4 ∙ mm5.5 -12.74 0.11 

𝐵 Normal - 1.00 0.15 



6 REPAIR CRITERION AND EFFECT 

Operational inspections provide information on 
damage conditions of structural details but cannot 
actually improve fatigue reliability if no repair work 
is carried out following damage detection. It is repair 
activity that can ultimately improve fatigue reliabil-
ity of structural details by changing the structural 
systems physically. Some repair methods used for 
fatigue cracks in marine and offshore engineering 
are 

 
- welding 
- welding plus post-weld treatment 
- replacement 
- grinding 
- drilling a stop hole 

 
Repair criterion links inspection result with repair 

action. Inspection results are unknown in the stage 
of inspection planning. The results can be: no detec-
tion, detection without measuring, detection and 
measuring. If cracks are detected, repair works 
should be assigned. In this paper, the repair criterion 
is that detected cracks are repaired immediately. 

Repair effect refers to improvement of structural 
performance by a repair method. Repair work helps 
either to remove cracks, or to stop crack growing or 
to slow down crack growth rate, and thus to increase 
the expected fatigue life and increase fatigue relia-
bility. Repair effect models are typically based on 
assumptions on fatigue life (Dong and Frangopol, 
2016, Guedes Soares and Garbatov, 1998) or crack 
size (Kim et al., 2013, Kim and Frangopol, 2011). In 
this paper, it is assumed that the distribution of ini-
tial crack size 𝑎0 in the repaired structure is same as 
that in the old structure. This repair effect is similar 
to that of replacement.  

7 RELIABILITY ANALYSIS 

Reliability is relative to a failure event. The limit 
state of the event is formulated with a function. Here 
fatigue and fracture failure is defined based on the 
below limit state function 

ℎ(𝑡) = 𝑎𝑐 − 𝑎(𝑡)                                                   (3) 

where ℎ(𝑡) < 0 signifies failure. The limit state 

function is based on serviceability analysis. It is 

thought that a structural component is no longer ser-

viceable if through-thickness crack happens. So the 

critical crack size 𝑎𝑐 is often set to be equal to the 

plate thickness, i.e., 𝑎𝑐= T. 
The probability of failure and reliability index are 

given by 

𝑝𝑓(𝑡) = 𝑃(ℎ(𝑡) < 0)                                             (4) 

𝛽(𝑡) = −Φ−1 (𝑝𝑓(𝑡))                                           (5) 

The failure probability and reliability index are 
calculated with Monte Carlo Simulation, which is 
more accurate than first order reliability methods 
(FORM) and second order reliability methods 
(SORM). 

In order to better understand effects of different 
maintenance strategies on the fatigue reliability 
within the required service life, three operational 
maintenance strategies listed in Table 3 are studied. 
The planned maintenance activities in case 2 and 
case 3 help to improve fatigue reliability within the 
required service life. The failure probabilities for 
case 2 and case 3 are calculated on the basis of event 
tree analysis (Figs. 4 and 5), considering all failure 
scenarios. In case 2, the decision rule is that at the 
maintenance intervention time, if the structure has 
survived, it is repaired. This maintenance strategy is 
similar to replacement without inspection. In case 3, 
the decision rule is that at the maintenance interven-
tion time, if the structure has survived it is inspected 
first, and then repaired if cracks are detected by in-
spection. To make the benefits of operational 
maintenance clear, only one maintenance interven-
tion is considered in the life cycle of the structural 
detail.    
 

Table 3.  Maintenance strategies 
ID Maintenance strategy 

Case 1 Do nothing 

Case 2 Repair (or replacement)  

Case 3 Inspection before repair 

 

 
 

Figure 4. Event tree analysis for case 2 

 

 
 

Figure 5. Event tree analysis for case 3 



Figures 6, 7 and 8 give variations of reliability 

index with service year under different maintenance 

strategies. Figure 6 shows the decline of fatigue reli-

ability of the original structure detail without any 

maintenance intervention (case 1). Although the 

structural detail is designed based on S-N approach 

with a FDF=3, the reliability index at the end of ser-

vice life is about 𝛽0 = 1.11 according to probabilis-

tic fatigue analysis based on FM approach.  

 

 
 

Figure 6. Decrease of reliability with service year (case 1) 

 

Figures 7 and 8 show the decrease rates of relia-

bility indexes in case 2 and case 3 are slowed down 

at the maintenance intervention (repair or inspec-

tion) time. It is also shown that the maintenance in-

tervention time has a great influence on the reliabil-

ity index at the end of service life. 

 

 
 

Figure 7. Decrease of reliability with service year (case 2). 

 

 
 

Figure 8. Decrease of reliability with service year (case 3). 

 
Figure 9 shows the variation of reliability index at 

the end of service life (𝑡 = 20) with maintenance in-

tervention time for both case 2 and case 3. It is 

shown clearly by the figure that there is an optimal 

maintenance intervention time for both case 2 and 

case 3, which leads to the highest reliability index at 

the end of service life. The optimal repair time for 

case 2 is 𝑡𝑟 = 10 (𝛽 = 2.40), while the optimal in-

spection time for case 3 is 𝑡𝑖 = 9 (𝛽 = 2.62). It is 

worth to note that the reliability index in case 3 is 

larger than that in case 2 if the maintenance inter-

vention takes place between the 8
th

 and 12
th

 year. 

This means that between the 8
th

 and 12
th

 year, the 

increase in reliability by the maintenance strategy of 

repair or do nothing depending on inspection results 

(case 3), can be more than by the maintenance strat-

egy of repair (case 2). Thus, the inspection in case 3 

helps to identify the cases where do nothing is more 

beneficial than repair. 

 

     
 
Figure 9. Variation of reliability index with maintenance inter-
vention (inspection or repair) time                                              



8 LIFE CYCLE COST ANALYSIS 

Planned operational maintenance activities improve 
fatigue reliability, and thus reduce failure risk. How-
ever, the costs of maintenance activities must be 
considered in the decision making process and the 
benefits brought by operational maintenance activi-
ties should outweigh their costs. In order to making 
rational decisions, it makes great sense to do formal 
cost-benefit analysis.  

The concept of risk links structural reliability 

with failure consequence. Failure risk can be under-

stood as potential losses associated with a structural 

(design and maintenance) plan. If failure conse-

quences are all quantified in financial terms, then the 

failure risk associated with a structural (design and 

maintenance) plan can be expressed in potential fi-

nancial losses, and included in the life cycle total 

costs (LCC). 

This paper focuses on the operational stages of 

marine structures. That means structural design plan 

has been made or structure has been constructed. 

Thus, design costs are the same for all maintenance 

strategies and neglected in the LCC analysis. The 

time point of analysis is the beginning of service. 

Failure risk and maintenance costs are expected 

costs and discounted to the analysis time point with 

an interest rate. Cost components in life cycles for 

case 1, 2 and 3 are summarized in Table 4.  

 

Table 4.  Cost components in life cycles 
ID Cost components  

Case 1 Failure risk 

Case 2 Repair costs, failure risk 

Case 3 Inspection costs, repair costs, failure risk 

 

The failure risk, inspection costs and repair costs 

are calculated with the below formulations. 
 

𝐶_𝐹 = 𝑝𝑓 ∙ 𝑐𝑓                                                                                      (6) 

 

𝐶_𝐼 = ∑ 𝑃𝑖
𝑘 ∙ 𝐶𝑖

𝑘𝑁𝐼
𝑘=1 ∙

1

(1+𝑟)𝑡𝑖
𝑘                                                               (7) 

 

𝐶_𝑅 = ∑ 𝑃𝑟
𝑘 ∙ 𝐶𝑟

𝑘𝑁𝑅
𝑘=1 ∙

1

(1+𝑟)𝑡𝑟
𝑘                                                              (8) 

 

where 𝐶_𝐹 is failure risk, 𝑐𝑓 is failure consequence 

and 𝑝𝑓 is failure probability; 𝑁𝐼 and  𝑁𝑅 are the 

number of inspections and repairs in the life cycle 

respectively; 𝐶𝑖
𝑘 and 𝐶𝑟

𝑘 are cost for the k
th

 inspec-

tion and repair respectively; 𝑃𝑖
𝑘  and 𝑃𝑟

𝑘 are the prob-

ability of the k
th

 inspection and repair are actually 

performed; 𝑡𝑖
𝑘 and 𝑡𝑟

𝑘  are the timing of the k
th

 inspec-

tion and repair; 𝑟 is average interest rate.  

In this paper, 𝑐𝑓 = 100,  𝑐𝑟 = 10, 𝑐𝑖 = 1, 𝑟 = 0.  
The LCC for cases 1, 2 and 3 are shown in Figure 

10. It can be seen that the planned inspection or re-

pair maintenance intervention is able to reduce LCC 

if they are planned at appropriate times in the life 

cycle. It is shown by the figure that there is an opti-

mal maintenance intervention time for both case 2 

and case 3, which leads to the lowest life cycle total 

costs. The optimal repair time for case 2 is 𝑡𝑟 = 10 

(LCC = 3.99), while the optimal inspection time for 

case 3 is 𝑡𝑖 = 8 (LCC = 10.78). It is worth to note 

that the obtained optimal repair time in case 2 is the 

same with the objective of reliability maximization 

or LCC minimization. However, the optimal inspec-

tion time in case 3 is different with the two optimi-

zation objectives. 

 

 
 
Figure 10. Variation of LCC with maintenance intervention 
(inspection or repair) time                                                 

 

Figure 11 shows the variations of failure risk 

(FR) and expected maintenance costs (MC) with 

maintenance intervention (inspection or repair) time. 

Basically, the variations of failure risk are opposed 

to the variations of reliability index with time. The 

maintenance costs for case 2 generally decrease 

slightly with repair time, while the maintenance 

costs for case 3 increase dramatically with inspec-

tion time. For both case 2 and case 3, the failure 

risks associated with the optimal maintenance inter-

vention times are lower than the maintenance costs. 

It is clearly shown that the maintenance costs for 

case 3 is much lower than that for case 2 for all 

maintenance intervention times. The failure risk for 

case 3 is also lower than that for case 2 if the 

maintenance intervention time is between the 8
th

 and 

12
th

 year. 

 



 
 
Figure 11. Variation of failure risk (FR) and maintenance costs 
(MC) with maintenance intervention (inspection or repair) time                                                 

9 BAYESIAN DECISION ANALYSIS  

The task for engineers is to provide consistent deci-
sion frameworks or tools for decision makers to fa-
cilitate engineering decisions, e.g. structural design, 
inspection, maintenance, dismantlement, etc. It is 
certainly much more difficult to make consistent de-
cisions with uncertain information than with accu-
rate information. Under uncertainties, it is difficult 
to estimate the benefits as well as consequences of 
possible decision options and thus hard to make ra-
tional and consistent decisions. 

In this paper, the uncertain information is the 
state of crack size at a time point in the life cycle, 
which is affected by the uncertainties associated 
with material property, stress range and initial crack 
size. The possible decision options are listed in Ta-
ble 5. Decision is made based on expected values of 
utilities associated with the decision options. Utility 
reflects preference of a decision maker, and the deci-
sion option with the maximum utility is regarded as 
the optimal decision. In a simple way, here the ex-
pected utility associated with each decision option is 
thought to be the minus of expected life cycle total 
costs (LCC) associated with each decision option. 
According to the above analysis, based on the LCC 
shown in Figure 10 it can be found that the optimal 
decision is different depending on the service year in 
the life cycle. For example, the optimal decision in 
the third year is D1 (do nothing), in the tenth year is 
D2 (repair), and in the seventeenth year is D1 (do 
nothing). 

 
Table 5.  Decision options 
ID Decision option 

D 1 Do nothing 

D 2 Repair (or replacement) 

 

10 VALUE OF INSPECTION INFORMATION 

The decision analysis in the above section is based 
on existing uncertain information on the crack size 
(structural damage state), which is predicted with 
partly uncertain inputs. If additional information is 
available, prior belief on the distribution of the crack 
size can be updated. Also, the failure probability as-
sociated with D1, and failure probability and repair 
probability associated with D2 are updated. As those 
probabilities are updated, the expected LCC and util-
ity associated with D1 and D2 are also updated. The 
optimal decision and the optimal utility (the mini-
mum LCC) at a specific service year might change. 
In summary, if additional information is available, 
decision analysis can be done again based on poste-
rior belief on the distribution of the crack size. 

Inspection is means to obtain additional infor-
mation on the crack size. The value of inspection in-
formation (VoI) is defined as the difference between 
the utility associated with the optimal decision while 
adopting inspection and the utility associated with 
the optimal decision without inspection, i.e.  

𝑉 = 𝑈𝑖 − 𝑈0                                                           (9) 

where 𝑈𝑖 is the utility associated with the optimal 

decision while adopting inspection, 𝑈0 is the utility 

associated with the optimal decision without inspec-

tion. 
Although the result of an inspection is unknown 

at the planning stage, the probabilities of possible in-
spection results can be obtained based on prior belief 
on the distribution of the crack size and on inspec-
tion performance. With each specific inspection re-
sult, the optimal utility can be obtained by posterior 
analysis. The expected optimal utility while adopting 
inspection can be calculated based on the probabili-
ties of inspection results and the optimal utility con-
ditional on each inspection result.  

In this paper, the VoI analysis is carried out on 
the basis of life cycle costs analysis for the three 
maintenance strategies in Table 4. The prerequisite 
is that the optimal decisions while adopting inspec-
tion is in line with the decisions of case 3. Figure 12 
gives the variation of VoI with inspection time. It is 
shown clearly that the VoI can be zero if the inspec-
tion is scheduled in the beginning (before the 4

th
 

year) and at the end (after the 17
th

 year) of service 
life. The VoI is positive if the inspection is sched-
uled after the 4

th
 year, and then increases with in-

spection time. The maximum value of VoI is 
when 𝑡𝑖 = 7. If the inspection is scheduled after the 
7

th
 year, the VoI decreases with inspection time.  
 



 
 

Figure 12. Variation of VoI with inspection time 

11 CONCLUSIONS 

Inspection and maintenance are important means to 
validate and recover structural integrity and to im-
prove life cycle reliability of engineering structures 
subjected to fatigue and fracture, e.g. marine and 
offshore structures. However, inspection and 
maintenance activities represent huge and expensive 
tasks for complex engineering structures such as 
ships and offshore platforms, which comprise of a 
very large number of fatigue-prone components. 
Driven by high industrial relevance, inspection plan-
ning and optimization have been studied in the paper 
using reliability method, life cycle analysis and val-
ue of information theory. It is concluded that the op-
timal inspection time varies with the optimization 
objective in mind (reliability maximization, life cy-
cle cost minimization, or value of information max-
imization). The following conclusions can be drawn: 

1. Reliability maximization. It is found that 
adopting inspection can help to achieve 
higher reliability with fewer repairs than re-
pair without inspection (i.e. replacement). To 
what extent planned inspection and repair 
can improve fatigue reliability depend not 
only on how likely cracks could be detected 
by inspection, but more on what can be in-
ferred on the crack state at the end of service 
life from the information provided by inspec-
tion at the inspection time. Based on this 
point, it is reasonable to say that it is more 
important to optimize inspection timing than 
to optimize inspection method. 

2. Life cycle cost minimization. Under this ob-
jective, the obtained optimal inspection time 
is different from that obtained under the ob-
jective of reliability maximization. Inspec-
tion helps to improve fatigue reliability, and 
this benefit is integrated in the life cycle cost 

analysis by the concept of failure risk. In-
spection helps to mitigate failure risk with 
certain costs. If the cost of unit inspection 
and repair is very small compared with fail-
ure consequence, then the objective of life 
cycle cost minimization is in line with relia-
bility maximization. With increase of the 
cost of unit inspection and repair, the ob-
tained optimal inspection time with the ob-
jective of life cycle cost minimization might 
be earlier than that obtained with the objec-
tive of reliability maximization. 

3. Value of information maximization. The 
above two objectives consider performance 
indicators (reliability and life cycle costs) 
while adopting inspection and the inspection 
times that maximize reliability or minimize 
life cycle costs are regarded as optimal. This 
objective however considers the net benefit 
brought by inspection by comparing the cas-
es with and without inspection. So the in-
spection time that minimizes life cycle costs 
does not necessarily bring the maximum val-
ue, and vice versa.  
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