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ABSTRACT 
 

     Inspection information should be evaluated by its contribution to maintenance 
decision-making rather than reliability updating alone. This study proposes a decision-
based approach for estimating the value of inspection information using a unified 
framework for inequality-type inspection events and equality-type measurements. 
Inspection outcomes are used to update time-dependent reliability or deterioration-
model parameters, after which the optimal maintenance action is identified by 
minimizing expected life-cycle cost. The expected value of sample information is 
quantified as the reduction in minimum expected life-cycle cost, while the expected net 
benefit accounts for inspection, measurement, and updating costs. The approach 
supports economically justified inspection planning for deteriorating bridges and other 
aging infrastructure.  
 
 
1. INTRODUCTION 
 
     In-service bridges and other infrastructure systems are affected by deterioration 
processes such as corrosion, fatigue, cracking, and material degradation, which 
progressively reduce structural performance and reliability. Predictions of these 
processes involve uncertainties related to environmental exposure, material properties, 
loading conditions, deterioration-model parameters, and measurement errors 
(Frangopol and Kim 2022, 2025). Inspection and monitoring can reduce these 
uncertainties by providing information on the current structural condition and 
deterioration state. Inspection results may be expressed as inequality-type events, such 
as damage detection or threshold exceedance, or as equality-type quantitative 
measurements, such as crack size, corrosion depth, and section loss. These 
observations can be incorporated through reliability updating or Bayesian updating of 
deterioration-model parameters to improve estimates of time-dependent structural 
performance (Straub 2011; Schneider et al. 2017; Ge et al. 2021, 2026). 
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     However, the practical value of inspection information should be evaluated 
according to its influence on maintenance decisions rather than the magnitude of 
reliability updating alone. Information is valuable when it changes the optimal 
intervention or reduces the expected life-cycle cost associated with structural failure 
and maintenance actions (Straub 2014; Konakli et al. 2016; Thöns 2018; Thöns et al. 
2025). Accordingly, this study proposes a decision-based approach for estimating the 
value of inspection information within a unified reliability-updating framework. Prior 
reliability is first evaluated using probabilistic deterioration models, and possible 
inspection outcomes are incorporated through event-based reliability updating or 
Bayesian parameter updating. For each updated state, the optimal maintenance action 
is determined by minimizing the expected life-cycle cost. The expected value of sample 
information is defined as the reduction in the minimum expected cost obtained by 
conditioning decisions on inspection outcomes, while the expected net benefit 
additionally accounts for inspection, measurement, and updating costs. The proposed 
approach supports the selection of inspection strategies that are both probabilistically 
informative and economically justified for the life-cycle management of deteriorating 
structures (Kamariotis et al. 2022). 
 
 
2. FRAMEWORK FOR ESTIMATING INFORMATION VALUE BASED ON 
RELIABILITY UPDATING 
 
     Fig. 1 presents a simplified procedure for estimating the expected net benefit of 
updating (ENBU) through inspection-based reliability updating. The process begins with 
the definition of an inspection strategy, including the inspection type, inspection timing, 
inspection quality or detectability, number of inspections, and the costs associated with 
inspection and updating. Based on this strategy, a prior reliability analysis is first carried 
out using the deterioration model to predict the structural condition and failure 
probability before any new inspection information is incorporated. 
     The next step is to identify the possible inspection outcomes that may arise under 
the selected strategy. These outcomes may be qualitative, such as no damage 
detected or damage detected, or quantitative, such as measured pit depth, chloride 
content, or crack size. For each possible outcome, its likelihood is estimated from the 
prior deterioration prediction and the assumed inspection characteristics. The reliability 
is then updated for each outcome. Qualitative outcomes are treated through event-
based updating, whereas quantitative outcomes are incorporated by updating the 
deterioration-model parameters and recalculating the deterioration prediction and 
structural reliability. This produces an updated reliability assessment for each possible 
inspection result. 
     After the reliability updating step, decision analysis is performed. For each 
updated outcome, candidate maintenance actions are compared, such as doing 
nothing, repair, strengthening, or replacement. The optimal expected cost is then 
determined for each outcome. By combining these optimal costs with the probabilities 
of the corresponding outcomes, the expected cost with inspection is obtained. This 
value is compared with the optimal expected cost without inspection to quantify the 
value of the inspection information. Finally, the total cost required to obtain and use the 
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information is subtracted to evaluate ENBU. If ENBU is positive, the inspection and 
updating strategy is considered worthwhile; otherwise, it is not justified. 
     The flowchart also highlights several important factors that affect the value of 
information, including the type of inspection information, inspection quality, inspection 
timing and interval, correlation among repeated inspections, and the number of 
inspections. These factors influence the degree of uncertainty reduction achieved by 
updating and, therefore, the practical benefit of inspection for maintenance decision-
making. The following sections present the essential methodologies underlying the 
flowchart shown in Fig. 1, including reliability updating, decision analysis, and 
information-value estimation. 
 

 

Fig. 1 Flowchart for estimating the expected net benefit of updating (ENBU) 
 
 
3. RELIABILITY UPDATING 
 
     The reliability-updating approach used in the paper consists of two 
complementary paths depending on the type of inspection information: inspection-

1. Define inspection strategy s

• Inspection type/timing
• Inspection quality / detectability
• Number of inspections

2. Prior reliability analysis

Use deterioration model to compute prior 
probability of failure Pf

0(t)

3. Predict inspection outcomes
• Enumerate possible outcomes z1, z2, …, zm
• Event outcomes: no damage detected, 

crack detected
• Measurement outcomes: pit depth, 

chloride content, crack size
• Compute prior predictive probability P(z|s)

4. Reliability updating

Event-based updating
- Use inspection event to update Pf

up(t|z,s)
Measurement-based updating
- Update model parameters, recompute 
deterioration and obtain Pf

up(t|z,s)

5. Decision analysis

• For each outcome, compare candidate 
actions (e.g., do nothing, repair, 
strengthen, replace)

• Compute optimal expected cost C*(z, s)

6. Estimate information value

• Compute the expected value of sample 
information for strategy s EVSI(s)

• Compute the expected net benefit of 
updating for strategy s ENBU(s)

7. Decision
• If ENBU(s) ≥ 0
- Implement inspection strategy s and 
update reliability
• If ENBU(s) < 0
- Do not implement strategy s
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event-based updating and deterioration-model-parameter updating. Inspection events 
are treated as inequality-type information, such as damage detection or non-detection 
relative to the detectability threshold, whereas quantitative measurements such as 
corrosion pit depth or fatigue crack size are treated as equality-type information that 
can update the probabilistic characteristics of the deterioration model.  
     For inspection-event-based updating, the updated probability of failure is obtained 
by conditioning the limit-state function on the observed inspection event at the 
inspection time. The updated probability of failure Pf 

up(t) can be expressed as (Lee and 
Song 2014) 

( ) ( ) ( )( )
( ) ( )( )

( )( )

0
0

insup

f ins

ins

P M t IE t
P t P M t IE t

P IE t

 
=  =  (1) 

where M(t) is the limit-state function and IE(tins) is the inspection event. When multiple 
inspection results are available, the updating is extended by conditioning on the 
intersection of all inspection events, so that the reliability is progressively refined as 
more inspection information becomes available.  
     For measurement-based updating, quantitative inspection data are incorporated 
through Bayesian inference. Let θ denote the vector of model parameters and Din the 
inspection data. According to Bayes’ theorem, the posterior distribution is expressed as 
(Ge et al. 2021) 

( ) ( ) ( )f c f L=  in inD D    (2) 

where c is a normalizing constant; f(θ) is the prior distribution; and L(Din|θ) is the 
likelihood function. The posterior distribution can be approximated by an MCMC-based 
Metropolis algorithm, which is used for both single-parameter and multi-parameter 
updating. When several parameters are candidates for updating, the most appropriate 
set is selected by minimizing the discrepancy between predicted and observed 
deterioration states. After parameter updating, the deterioration model is recalculated 
and the structural reliability is reassessed. Based on the updated deterioration 
prediction, the limit-state functions are reformulated and the updated failure probability 
is evaluated as 

( ) ( )( )0up *

fP t P M t=   (3) 

where M*(t) is the reformulated (or updated) limit-state function. Thus, the updated 
failure probability reflects the current structural performance by incorporating revised 
deterioration predictions and updated model parameters.  
 
4. DECISION ANALYSIS UNDER POSSIBLE INSPECTION OUTCOMES 
 
Once the reliability updating has been completed for each possible inspection outcome, 
the updated reliability results can be incorporated into a decision analysis to evaluate 
the practical value of inspection information. For a given inspection strategy s, possible 
inspection outcomes zj are first identified based on the deterioration model and 
inspection characteristics. These outcomes may correspond to qualitative inspection 
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events, such as no damage detected or damage detected, or quantitative inspection 
results, such as measured pit depth, chloride content, or crack size.  
     For each possible outcome zj, reliability updating is performed, and the 
corresponding updated probability of failure Pf

up(t|zj,s) is obtained from Eq. (1) or Eq. 
(3), depending on the type of inspection outcome. Based on this updated reliability 
state, a set of candidate maintenance actions is considered, such as no action, repair, 
strengthening, or replacement. The expected cost C(a|zj,s) associated with a candidate 
action a under outcome zj and inspection strategy s can be estimated as  

( ) ( ) ( ) ( )j dir user risk jC a z ,s C a C a C a z ,s= + +  (4) 

where Cdir(a) and Cuser(a) are the direct intervention cost and user-related cost, 
respectively, and Crisk(a|zj,s) is the expected risk after updating. The expected risk 
Crisk(a|zj,s) can be computed over the planning horizon [t0, T] as 

( ) ( ) ( ) ( )
1

N
a

risk j k f k f k j

k

C a z ,s d t C t P t z ,s
=

=  (5) 

where N is the number of time intervals in the planning horizon, d(tk) is the discount 
factor at time tk, Cf(tk) is the consequence of failure at time tk, and ΔPf

a(tk|zj,s) 
represents the incremental failure probability under action a. d(tk) of Eq. (5) is 
expressed as  

( ) ( )
( )01 kt t

kd t r
− −

= +  (6) 

where r is the annual discount rate. Assuming that Cf(tk) is constant over time (i.e., Cf(tk) 
= Cf), the expected cost C(a|zj,s) can be expressed as 

( ) ( ) ( ) ( )a

j dir user f f ,cum,d jC a z ,s C a C a C P T z ,s= + +   (7) 

where Pa
f,cum,d(T|zj,s) is the discounted cumulative probability of failure measure, which 

is expressed as  

( ) ( ) ( )
1

N
a a

f ,cum,d j k f k j

k

P T z ,s d t P t z ,s
=
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The optimal expected cost C*(zj,s) for a given outcome zj is obtained by selecting the 
action that minimizes the expected cost C(a|zj,s)  

( ) ( )*

j j
a

C z ,s minC a z ,s=  (9) 

Thus, the reliability-updating result for each possible inspection outcome is directly 
linked to maintenance decision-making. 
 
5. ESTIMATION OF INFORMATION VALUE 
 
     The overall expected cost with inspection is obtained by averaging the optimal 
expected costs over all possible inspection outcomes using their predictive probabilities 

( ) ( ) ( )
1

m
* *

j j

j

E C z,s P z s C z ,s
=

  =     (10) 
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where m is the total number of possible inspection outcomes for strategy s. For 
quantitative measurements, the continuous outcome space can be discretized into m 
mutually exclusive measurement intervals, and P(zj|s) denotes the prior predictive 
probability of interval zj. Without inspection, the optimal expected cost is determined 
from the prior reliability analysis alone. The prior optimal expected cost can be obtained 
as 

( )0
a

C minC a prior=  (11) 

It should be noted that the expected cost C0 of Eq. (11) is evaluated based on the prior 
failure probability without incorporating any new inspection information.  
     The expected value of sample information (EVSI) is defined as the reduction in 
optimal expected cost achieved by conditioning the decision on inspection outcomes as 

( ) ( )0

*EVSI s C E C z,s = −    (12) 

Therefore, the EVSI defined in Eq. (12) measures the expected benefit obtained from 
the inspection information in terms of improved decision-making. To evaluate whether 
the inspection strategy is practically worthwhile, the total cost required to obtain and 
use the information must also be considered. The total information-related cost Cinf(s) is  

( ) ( ) ( ) ( )inf insp meas upC s C s C s C s= + +  (13) 

where Cinsp(s) is the inspection cost, Cmeas(s) is the measurement cost, and Cup(s) is the 
cost of updating and data processing. Finally, ENBU is estimated as 

( ) ( ) ( )infENBU s EVSI s C s= −  (14) 

The ENBU defined in Eq. (14) quantifies whether the expected benefit from improved 
decisions exceeds the total cost of obtaining and processing the inspection information.  
     If ENBU(s) ≥ 0, the inspection strategy is considered beneficial because the 
expected reduction in optimal cost equals or exceeds the total information-related cost. 
In this case, the inspection and updating strategy is justified for implementation. In 
contrast, if ENBU(s) < 0, the strategy is not economically justified, even if the inspection 
reduces uncertainty or changes the reliability prediction. Accordingly, the proposed 
framework allows the final inspection strategy to be selected not only on the basis of 
reliability updating effectiveness, but also on the basis of its practical and economic 
value for life-cycle management of deteriorating structures. 
 
6. CONCLUSIONS 
 
     This study proposed a decision-based framework for estimating the value of 
inspection information for deteriorating structures based on reliability updating. The 
framework integrates event-based updating for qualitative inspection outcomes and 
Bayesian parameter updating for quantitative measurements, and then links the 
updated reliability state to maintenance decision analysis. The value of inspection 
information is quantified through EVSI, while ENBU is obtained by subtracting the total 
cost of inspection, measurement, and updating. The proposed framework emphasizes 
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that inspection information should be evaluated not only by its effect on reliability 
prediction but also by its contribution to improved decision-making and reduced 
expected life-cycle cost. Therefore, the proposed approach provides a rational basis for 
selecting inspection strategies that are both technically informative and economically 
justified for the life-cycle management of deteriorating structures.  
     Further investigations are needed to develop illustrative numerical examples and 
practical case studies in order to demonstrate the applicability, robustness, and 
decision-making usefulness of the proposed framework under various deterioration 
processes and inspection strategies. In particular, future research should examine how 
the framework performs for different structural systems, inspection qualities, 
maintenance alternatives, and cost assumptions, so that its practical implementation 
can be validated more comprehensively. 
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