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Abstract. The development of effective maintenance strategies for offshore platforms is 

essential to preserve their reliability at acceptable levels. Thus, the environmental and economic 

consequences of possible structural failures are prevented. This work presents a methodology 

to estimate the optimal time interval for maintenance actions based on cost benefit analysis 

(CBA). Structural reliability is estimated in terms of the expected number of failures while the 

expected total cost considers the cost of inspection, repair and failure in time. Demand 

exceedance rates are used to estimate demands in time. The uncertainties related to 

manufacturing process and wave occurrences are considered. The structural damage is defined 

as the crack growth at different hot spots of the tubular members due to fatigue. Optimal time 

intervals are estimated on a jacket offshore platform located in the Gulf of Mexico. The results 

indicate that the optimal time interval is equal to 5 years for systems in which the cost is reduced 

by about 61% compared to the absence of maintenance. The methodology provides an outline 

that helps to make the most appropriate decision to extend the useful life of an offshore system. 

 

1 INTRODUCTION 

Fixed offshore platforms are a key component of offshore infrastructure, especially in the 

oil and gas industry. In Mexico, jacket-type platforms managed by Pemex company play a 

crucial role in hydrocarbon extraction, particularly in the Bay of Campeche. These structures 

are continuously exposed to environmental and operational loads, which may lead to damage 

accumulation in time, especially without periodic maintenance where their failure result in 

significant economic, social, and environmental impacts. Its location in the harsh offshore 

environment presents unique challenges from design to maintenance and factors such as vessel 

collisions, earthquakes, corrosion, fatigue, and extreme environmental conditions can 

compromise safety and production efficiency. Therefore, reliability estimation helps to quantify 

the structural condition in probabilistic terms and CBA provides informed maintenance 

planning to ensure structural operability and mitigate progressive deterioration in time. In 

response to these issues, different strategies have been developed to assess the structural 
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reliability using Monte Carlo simulations to calculate the probability of failure [1], time-

dependent capacity degradation models [2], and approaches to estimate the structural reliability 

considering variations in time of both capacity and demand [3, 4]. In case of CBA, different 

researchers have improved offshore maintenance planning such as Santa-Cruz and Heredia-

Zavoni [5] that propose a decision model considering hydrocarbon prices and maintenance costs 

to estimate inspection intervals. Tolentino and Ruíz [6] compute the optimal time for 

maintenance based on CBA. Yoon et al. [7] develop maintenance plans based on structural 

monitoring and uncertainty. Varela and Tolentino [8] determine optimal intervals using demand 

exceedance rates and CBA. 

Offshore structures need regular inspections and maintenance to preserve their reliability 

levels in time. With the aim of minimizing possible failures, this study applies CBA to 

determine the optimal time interval of inspection and repair considering the uncertainties related 

to material properties and loads. The optimal time interval is estimated on a platform located in 

the Gulf of Mexico. The structural deterioration is defined by crack growth due to fatigue 

cracking at critical points in certain joints. 

2 STRUCTURAL RELIABILITY IN TIME 

The annual expected mean annual failure rate, 𝐸(𝑣𝐹), is as follows [9, 10]: 

𝐸(𝑣𝐹) = ∫ −
𝑑𝑣𝐷(𝑑)

𝑑𝑑
(𝑃(𝐶 ≤ 𝑑))𝑑𝑑 (1) 

where 
𝑑𝑣𝐷(𝑑)

𝑑𝑑
 corresponds to the derivative of the demand hazard function; 𝑃(𝐶 ≤ 𝑑) represents 

the probability that the capacity, 𝐶, does not exceed a specified performance value, 𝑑. To solve 

Eq. 1, Cornell et al. [11] assume that the hazard curve is as (𝑦) = 𝑘𝑦−𝑟, where 𝑘 and 𝑟 are 

fitted parameters, and both demand 𝐷̂ and capacity  𝐶̂ follow a lognormal distribution function 

with variances 𝜎𝑈𝐷
2  and 𝜎𝑈𝐶

2 , respectively. Demand is characterized as 𝐷̂ = 𝑎 ∙ 𝑦𝑏, with 𝑎 and 

𝑏 as fitting parameters. The extension to Eq. 1 considering the assumptions of [11] to estimate  

the mean annual failure rate in time expressed in a closed form expression format is as follows 

[3]: 

𝜂̅𝐹(0, 𝛥𝑡) = 𝑘 (
𝐶̂(∆𝑡)

𝑎
)

−
𝑟
𝑏

𝑒
𝑟2

2𝑏2(𝜎𝑙𝑛𝐷|ℎ𝑚𝑎𝑥
2 +𝜎𝑙𝑛𝐶

2 +𝜎𝑈𝑇
2 )

𝛺(𝑡, 𝛥𝑡) 
(2) 

where capacity in time is expressed as 𝐶̂(∆𝑡) = 𝛼𝑇 − 𝛽𝑇∆𝑡, and demand for a given wave 

height, ℎ𝑚𝑎𝑥, in time is as 𝐷̂(∆𝑡) =  (𝑎 +  𝑓 𝛥𝑡) ℎ𝑚𝑎𝑥 
𝑏 . The total uncertainty 𝜎𝑈𝑇

2  considers the 

uncertainties of both capacity and demand. The correction factor, Ω(𝑡, 𝛥𝑡), is as follows: 

Ω(𝑡, 𝛥𝑡) =
𝑏𝛼𝑇

𝛽𝑇(𝑏 − 𝑟)
(

𝛼𝑇𝛽𝑇

−𝛼𝑇𝑓 + 𝛽𝑇𝛼𝑇

)
−

𝑟
𝑏

[−𝐹(𝐴; 𝐵; 𝐶; 𝑥) 

+𝐹(𝐴; 𝐵; 𝐶; 𝑥(𝛥𝑡)) (1 + (
𝑓𝛽𝑇𝛥𝑡

𝛽𝑇𝑎
)

−
𝑟
𝑏

) (1 + (
𝛽𝑇𝛥𝑡

𝑎
)) ∙ (

𝛼𝑇 + 𝛽𝑇𝛥𝑡

𝛼𝑇 + 𝑓𝛥𝑡
)

−
𝑟
𝑏

(
𝛼𝑇

𝑎
)

𝑟
𝑏

] 

 

(3) 

where 𝐹() is a Gaussian hypergeometric function that is solved by means of a hypergeometric 

series [12]. 
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3 DEMAND EXCEEDANCE RATE 
The occurrence of structural demand in time is estimated using the demand exceedance rate, 

𝜐𝐷(𝑑), as follows [11]: 

𝜐𝐷(𝜆𝑑) = ∫ 𝑣(ℎ𝑚𝑎𝑥)𝑃(𝐷 ≥ 𝜆𝑑|ℎ𝑚𝑎𝑥)𝑑ℎ𝑚𝑎𝑥

∞

0

 (4) 

where 𝑣(ℎ𝑚𝑎𝑥) is the derivative of the wave hazard function; 𝑃(𝐷 ≥ 𝜆𝑑|ℎ𝑚𝑎𝑥) is the wave 

fragility. 

4 COST-BENEFIT ANALYSIS 

The CBA proposed by Tolentino and Ruíz [6] estimates the expected total cost by integrating 

three cost components such as inspection, repair, and failure. Then, the total cost, 𝐶𝑇̅𝑂𝑇(0, ∆𝑡), 

is defined as the sum of inspection 𝐶𝐼̅𝑁𝑆(0, ∆𝑡), repair, 𝐶𝑅̅𝐸𝑃(0, ∆𝑡), and failure cost, 𝐶𝐹̅𝐴𝐼(0, ∆𝑡) 

as follows: 

𝐶𝑇̅𝑂𝑇(0, ∆𝑡)  = 𝐶𝐼̅𝑁𝑆(0, ∆𝑡) + 𝐶𝑅̅𝐸𝑃(0, ∆𝑡) +  𝐶𝐹̅𝐴𝐼(0, ∆𝑡) (5) 

where: 

𝐶𝐼̅𝑁𝑆(0, ∆𝑡) = ∑ 𝐶𝐼𝑚│𝑞,∆𝑡𝑒−𝛾𝑚(∆𝑡)−𝜂̅𝐹(0,∆𝑡) 

𝑁𝐼

𝑚=1

 (6) 

𝐶𝑅̅𝐸𝑃(0, ∆𝑡) = ∑ ∑ 𝐶𝑅𝑗│𝑞,∆𝑡𝑃(𝐷𝑗,𝑚(∆𝑡) ≥ 𝑑)

𝑛

𝑗=1

𝑁𝐼

𝑚=1

𝑒−𝛾𝑚(∆𝑡)−𝜂̅𝐹(0,∆𝑡)  (7) 

𝐶𝐹̅𝐴𝐼(0, ∆𝑡) = ∑ 𝐶𝐹𝑚│𝐷𝐼,∆𝑡 ∑ 𝜂̅𝐹(𝑡𝑘 − 𝑡𝑘−1)

𝑁̂

𝑘=1

𝑁𝐼

𝑚=1

𝑒−𝛾𝑚(∆𝑡)−𝜂̅𝐹(0,𝑡𝑘−𝑡𝑘−1) (8) 

where the inspection cost considers the costs associated with scheduled inspections during a 

given time interval, 𝐶𝐼𝑚│𝑞,∆𝑡, for a given quality of inspection, 𝑞. The repair cost, 𝐶𝑅𝑗│𝑞,∆𝑡, 

considers the cost associated to repair of the 𝑗 − 𝑡ℎ element at ∆𝑡 for a given a specific 𝑞; 𝑛 is 

the number of critical joints for repair. The failure cost, 𝐶𝐹𝑚│𝐷𝐼,∆𝑡, is estimated based on global 

damage index, 𝐷𝐼, at ∆𝑡; 𝛾𝑚(∆𝑡) is the discount rate; 𝑁̂ corresponds to the number of intervals 

considered and 𝑁𝐼 =
𝐷𝐿

𝛥𝑡
 represents the number of inspections that must be completed during a 

time interval, 𝐷𝐿. 

The quality of an inspection, 𝑞, is influenced by factors such as the inspection technique, 

size of the crack, and the equipment used. The probability of detecting a crack of a certain size, 

𝑃𝑜𝐷(𝑥), is directly linked to inspection quality and can be modeled using logistic, lognormal, 

or exponential distributions [13]. In this study, 𝑃𝑜𝐷(𝑥) is estimated using the following 

expression [14]: 

𝑃𝑜𝐷(𝑥) = 1 − 𝑒𝑥𝑝 (
𝑥 − 𝑎𝑚𝑖𝑛

λ
) ,     𝑎 > 𝑎𝑚𝑖𝑛  (9) 

where 𝑎𝑚𝑖𝑛 is equal to 2 mm [15], and λ is estimated as  λ =
1

𝑞
, where 𝑞 takes values between  

0.2 and 0.3 [6]. 



Gerardo Varela and Dante Tolentino 

4 

 

5 ILLUSTRATIVE EXAMPLE 

The optimal time interval based on the CBA is estimated on a steel jacket offshore platform 

located at the Och site in the Bay of Campeche. The structure has a height of 72.58 meters and 

is found in water depths of 60 meters (see Figure 1). The structural system has tubular steel 

elements with different diameters and thicknesses (see Table 1). The piles within the platform 

legs are designed to transmit vertical, horizontal, and bending loads.  

Table 1: Geometric properties 

Elements 𝐷 (m) 𝑇 (m) 

05, 18 and 27 0.508 0.0191 

17, 19, 21, 22, 26, 28, 30, 31, 32 and 33 0.610 0.0191 

35, 36, 38, 39, 40 and 41 0.610 0.0254 

23 and 24 0.660 0.0159 

08, 09, 14 and 15 0.762 0.0159 

01 and 02 0.762 0.0191 

04, 06, 11 and 12 0.762 0.0254 

03, 07, 10, 13, 16, 20, 25 and 29 1.460 0.0191 

34 and 37 1.500 0.0413 
 

 

Figure 1: Offshore system 

 

5.1 Expected properties of materials and loads for offshore platforms 

The study considers the uncertainties related to materials such as steel grades ASTM A36, 

ASTM A572 Grade 50 and modulus of elasticity as well as the uncertainties associated to dead 

load. Table 2 shows the statistics of both material properties and load used in this study.  
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Table 2. Statistical properties of materials and load  

Property 
Distributio

n type 
Mean (𝜇) Standard deviation (𝜎) Reference 

Yield stress (ASTM A36) Log-normal 0.1903 0.0989 [16] 

Yield stress (ASTM A572 Gr. 50) Log-normal 0.1746 0.1214 [16] 

Elastic modulus (E) Log-normal -0.013525 0.0752 [16] 

Dead load  Normal 1 0.0011 [17] 

5.2 Environmental hazard  

The PEMEX code [18] provides detailed information on the environmental loads that affects 

the region. Figure 2 shows the environmental hazard curves for the site. 

 

 
Figure 2: Hazard curves of a) wave, b) wind speed and c) sea current speed. 

5.3 Fatigue analysis 

Offshore structures are exposed to environmental loads that can degrade in time their 

mechanical properties. Critical joints, identified as those with the greatest influence on the 

overall capacity of the structure, are selected by non-linear static analyses. In this process, the 

capacity of one joint is reduced, then, the response of the system is calculated by means of 

pushover analysis. If the joint reduction contributes significantly to structural behavior, it is 

classified as critical joint. The above process is repeated for each joint in the system. For the 

platform under study, the critical joints are 1-7, 9-11, and 13. Each end of the tubular element 

that is part of a critical joint is assumed to contain two hot spots. On the other hand, the sea 

state is considered fully developed that allows the waves to model as a homogeneous Gaussian 

stationary process. Then, the Pierson-Moskowitz spectrum [19] is used to characterize wave 

frequency content. The crack size at each hot spot is calculated using Monte Carlo technique 

considering thirty thousand simulations. It is assumed that the time intervals between storms 

follow an exponential distribution [20]. Crack propagation is a complex process because it is 

not constant over time. Paris introduced the concept of the average stress intensity interval, 

∆𝐾𝑚𝑟, to characterize crack growth per cycle, 𝑑𝑎/𝑑𝑁 [21, 22]. The crack size assessment at 

the hot spots under random loading is estimated using Paris law and the random fatigue theory 

of Sobczyk and Spencer [23] as follows: 

𝑑𝑎´

𝑑𝑡
= 𝐶(∆𝐾𝑚𝑟)𝑚𝑣´  ,  ∆𝐾𝑚𝑟 = 𝑌𝑆𝑚𝑟√𝜋𝑎′ (10) (11) 
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where 𝐶 and 𝑚 are Paris constants; ∆𝐾𝑚𝑟 represents the mean value of the stress intensity 

interval; 𝜈´ is the positive zero-crossing rate; 𝑌 is a geometric correction factor [24]; 𝑆𝑚𝑟 is the 

mean value of the stress interval for each element [23], and 𝑎´ is the crack size. Substituting Eq. 

11 into Eq. 12 and performing algebraic steps leads to the following expression: 

∫
𝑑𝑎

(𝑌√𝜋𝑎′)
𝑚 = 𝐶𝑆𝑚𝑟

𝑚 𝑣′𝑡
𝑎𝑓

𝑎0

 (12) 

where 𝑎0 is the initial crack size, and 𝑎𝑓 is the crack size at the end of 𝑁 cycles. The Paris 

constants are defined by the research of Silva-González and Heredia-Zavoni [1], who defined 

statistical parameters for offshore systems in Campeche Bay (see Table 3). [25] propose the 

reduction of joint capacity due to fatigue, 𝑃𝑐, as 𝑃𝑐 = 𝑃𝑘(1 − 𝐴𝑐𝑟𝑎𝑐𝑘 𝐴𝑗𝑜𝑖𝑛⁄ ), where 𝑃𝑘 

represents the joint's capacity without damage, 𝐴𝑐𝑟𝑎𝑐𝑘 is the damaged area of the elements 

connected to the joint, and 𝐴𝑗𝑜𝑖𝑛 is the original joint area. Figure 3 shows the capacity reduction 

at different time instants for joints 5 and 9 of the Och platform. 
 

Table 3. Statistical parameters for crack simulations [1]. 

Parameter Distribution Mean  Standard deviation 

𝑉0 Lognormal Changes for each joint in time Changes for each joint in time 

𝑆𝑚𝑟 Rayleigh Changes for each joint in time Changes for each joint in time 

𝑀* Normal 3 0.3 

𝐼𝑛𝐶* Normal -40.39 -0.69067 

𝑎/𝑐 - 0.25 - 

𝑎0 - 0.00011 - 

* Correlation coefficient, 𝜌, equal to 0.9 

 
 

 
Figure 3: Joint capacity reduction in time. 
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5.4 Structural capacity and demand 

The structural capacity was evaluated through nonlinear static analyses using 50 load 

profiles that represent the effects of maximum waves of the region. The above loads are 

associated with 128 offshore systems with uncertain properties, then 6400 nonlinear static 

analyses are performed. The structural deterioration is modeled by the reduction of the capacity 

of each critical joint due to fatigue (see Section 5.3). Figure 4 shows the evolution of structural 

capacity in time and plus/minus one standard deviation. The structural capacity in time of each 

system simulation is fitted as 𝐶̂𝑖(𝑡) = 𝛼𝑖 + 𝛽𝑖𝑡, where 𝛼𝑖 and 𝛽𝑖 are parameters that fitted the 

linear regression. It is noticed that the structural capacity of the systems decreases in time and, 

as time passes, the variability of the responses increases, leading to a higher value of the 

standard deviation 

The structural demand in time was estimated through incremental nonlinear dynamic 

analyses using 50 load profiles associated with 5 return periods in accordance with PEMEX 

code [43]. The crack growth used to estimate the capacity in time is implemented to compute 

the demand in time. The 128 systems with uncertain proprieties are used in this section, then, 

32000 nonlinear dynamic analyses were performed. Figure 5 illustrates the surface of the mean 

structural demand and a shaded band that represents plus/minus one standard deviation. For 

each simulated structure, the demand was fitted according to the expression 𝐷̂𝑖(𝑡) =

(𝑎𝑖 + 𝑓𝑖𝑡)ℎ𝑚𝑎𝑥
𝑏𝑖, where 𝑎𝑖, 𝑓𝑖, and 𝑏𝑖 are the fitted parameters for the 𝑖 − 𝑡ℎ simulation. The 

structural demand in time exhibits an increase of 116% over 20 years. Demand remains constant 

for wave heights below 16.7 m that indicates linear elastic behavior. Results highlight the 

increasing trend of structural demand in time. 

Figure 4: Structural capacity in time. 
 

Figure 5: Structural demand in time. 
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5.6 Demand exceedance rate 

The demand exceedance rate indicates the number of times that structural demand is 

exceeded per unit of time. The numerical results given by Eq. 4 can be characterized by the 

following expression [26]: 

𝜐𝐷(𝑑) = (
𝜆𝑑

𝜆𝑑0

)

−φ

(
𝜆𝑑𝑚𝑎𝑥

− 𝜆𝑑

𝜆𝑑𝑚𝑎𝑥
− 𝜆𝑑0

)

𝜀

  (13) 

where 𝜆𝑑0
 is the minimum demand value,  𝜆𝑑𝑚𝑎𝑥

 is the maximum demand value, and φ and 𝜀 

are fitting parameters. Each simulated structure presents individual values of the parameters 

indicated in Eq. 4. Demand exceedance rates for each simulated structure are estimated in terms 

of maximum global displacement for 𝜆𝑑 values between 0.01 to 0.23 m. An example of one 

simulated system is shown in figure 6 where the exceedance rate is 0.4008 for 0.025 m, 

corresponding to a return period of 2.49 years. Under the design condition (maximum wave 

height ℎ𝑚𝑎𝑥 = 16.7 m), the exceedance rate is  𝜆𝑑 =0.075 m with a return period of 7.02 years. 

For the ultimate condition (ℎ𝑚𝑎𝑥 = 23) 𝜆𝑑 = 0.106 at 𝛥𝑡 = 0 has an exceedance rate of 

0.0213, resulting in a return period of 46.94 years. Demand simulations are performed via the 

inverse transformation method. The cumulative distribution function is expressed as: 

𝐹(𝑦) = 1 − 𝜐𝐷(𝑑) 𝑣0⁄   (14) 

where 𝑣0 represents the exceedance rate associated with the 𝜆𝑑0
  considered. The structural 

demand occurrence is determined using the expression 𝑇ᵢ =  − |
ln(𝑢)

𝑣0 | [27], where 𝑢 denotes 

random numbers. Subsequently, 2000 realizations of structural demand and waiting times are 

generated for each simulated structure. Figure 7 shows an example of one such realization. 

 
    Figure 6: Numerical demand exceedance rates.                  Figure 7: Demand and waiting times. 
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5.7 Optimal inspection interval 

The optimal time interval is determined by analyzing 2000 realizations per simulated 

structure, considering structural demand, waiting times, and costs associated with inspection, 

repair, and failure. The inspection cost per joint is equal to 3518 USD [28], and repair costs are 

applied when the probability of a crack exceeding 4 mm is exceeding [29]. The cost of repair 

each joint is equal to 20,000 USD [30]. Failure costs 𝐶𝐹𝑚,𝑖│𝐷𝐼𝑖,∆𝑡 are calculated based on 

structural damage expressed in terms of the normalized damage index, 𝐷𝐼𝑖, as follows [31]: 

𝐷𝐼𝑖 =
𝐶0,𝑖 − 𝐶𝑖(∆𝑡)

𝐶0,𝑖 − 𝐷𝑖(∆𝑡)
  (15) 

where 𝐶0 is the initial structural capacity, and (∆𝑡) and 𝐷(∆𝑡) are the capacity and demand at 

time ∆𝑡, respectively. Indirect losses are estimated as: 

𝐶𝑃𝐼𝐷 = 𝐶𝐹𝑇
(

𝑃𝑚

𝑃𝑡

) 𝐷𝐼𝑖
4  (16) 

where 𝐶𝐹𝑇
= 1.086× 1010 USD, 𝑃𝑚 = 184,000/day, and the total daily oil extraction, 𝑃𝑡 in 

Campeche Bay is 2,100,000 barrels. Pollution costs are calculated as: 

𝐶𝑃𝑂𝐷 =
𝐶𝑂𝑅𝑆𝐴𝐸𝑓

1 × 106
  (17) 

where 𝐶𝑂𝑅=541.57 USD/hr, 𝐸𝑓 =  8.1 ×  10⁻¹ h/km², and the affected area 𝑆𝐴 is: 

𝑆𝐴 = 4 × 10−2∆𝑤𝑃𝑚𝐷𝐼4𝑈4 + 2.27√(∆𝑤𝑃𝑚𝐷𝐼𝑖
4)2

3
√𝑡  (18) 

where ∆𝑤 is equal to 6.341 × 10⁻² (density difference between water and oil), 𝑡 = 2400 

seconds, and 𝑈 is 30m/s. Deferred production costs 𝐶𝐷𝑃𝐶are computed as: 

𝐶𝐷𝑃𝐶 = 365 ∫ 𝐶𝐶𝑃𝑚𝑈𝐶 exp[−𝛾(𝜏 − 𝑡)]𝑑𝜏
𝐿

𝑡

− 365 ∫ 𝐶𝐶𝑃𝑚𝑈𝐶 exp[−𝛾(𝜏 − 𝑡)]𝑑𝜏
𝐿+𝑇𝑅𝑃

𝑡

  (19) 

where 𝐿 =  30 years [6], 𝐶𝐶 = 92 USD/barrel [32], 𝑈𝐶 = 12% (sales gain), 𝑇𝑅𝑃= 4 years [33], 

and 𝛾 =  3.13% (discount rate). Equipment damage costs, 𝐶𝐸𝑄𝐷, are directly proportional to 

the structural damage and are calculated as 𝐷𝐼𝑖 ∙ 𝐶𝐸𝑄𝑃𝑇, where 𝐶𝐸𝑄𝑃𝑇 is the drilling equipment 

cost, valued at 130,000,000 USD [34].  

The expected total cost is influenced by demand, capacity, and crack size, simulated using 

lognormal distributions for crack size 𝑎(𝑡) and fitting parameters from Table 3. Figure 8 shows 

the expected costs, the dispersion is associated with uncertainties related to material, loads, 

crack growth due to fatigue analysis and structural responses. It is observed that short inspection 

intervals result with higher variability for inspection and repair costs, while longer intervals 

exhibit a greater dispersion for failure costs. This variability is explained by inspection quality 

that is influenced by crack detection between 1-3 years and maintenance actions that are 

activated after four years. Inspection and repair costs tend to decrease as the inspection interval 
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increases while failure costs increase, especially after the 5-year interval. The dispersion 

observed in Figure 8 highlights the variability induced by uncertain properties. The results show 

that the optimal time interval for maintenance actions is equal to 5 years.

 

 
Figure 8: Expected cost considering all simulated

6 CONCLUSIONS 

The optimal time interval for maintenance activities based on CBA is estimated. The optimal 

time interval considers the inspection, repair, and failure costs. The costs involve the structural 

reliability expressed through the expected number of failures. The concept of demand 

exceedance rate is used to estimate the expected costs of failure. The methodology used is 

versatile and can be adapted to different environmental conditions and structural systems and it 

is not limited to offshore structures. 

The results indicate that the optimal interval for maintenance actions is equal to 5 years 

which represents a balance between cost and an acceptable reliability level. These results are 

important for the management and planning of structural maintenance. However, the optimal 

time interval could change if another phenomenon, such as corrosion, is considered. The work 

has two limitations, the first is related to the estimation of hypergeometric functions and the 

second is associated with a high demand for computational calculation. Future research could 

focus on comparing this methodology with alternative approaches, such as multi-objective 

optimization. Moreover, the expression to estimate the expected number of failures in time can 

be improved by proposing enhancements to the hypotheses made for its derivation. 
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