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Structural health monitoring (SHM) is a process that provides accurate and real-time information 
concerning structural condition and performance. Requirements for structural health monitoring 
in the last few decades have rapidly increased, and these requirements have stimulated many new 
developments in various sensing technologies. Having passed the stage of scientific or technical 
curiosity, SHM is now entering its adulthood and systems need to clearly demonstrate their 
economic benefits as well. Owners and engineers are no longer satisfied with the general benefits 
of SHM such as “reducing risk”, “improving knowledge” and “verifying hypotheses”, and need 
to provide justification from an economic point of view, clearly defining the cost-effectiveness of 
a SHM system. 

Our experience from commercially proposing SHM systems has allowed us to identify several 
scenarios, where immediate, near-term and long-term cost savings exceed the SHM system cost. 

In this presentation, we will develop three such scenarios: 

• Supervised lifetime extension for deficient bridges, which are candidates for replacement 

• SHM during new construction and early life 

• Risk management on new geotechnical constructions 

Each scenario will be illustrated by an application example taken from practice. 
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ABSTRACT 

 
Structural health monitoring (SHM) is a process that provides accurate and real-time information 
concerning structural condition and performance. Requirements for structural health monitoring 
in the last few decades have rapidly increased, and these requirements have stimulated many new 
developments in various sensing technologies. Having passed the stage of scientific or technical 
curiosity, SHM is now entering its adulthood and systems need to clearly demonstrate their 
economic benefits as well. Owners and engineers are no longer satisfied with the general benefits 
of SHM such as “reducing risk”, “improving knowledge” and “verifying hypotheses”, and need 
to provide justification from an economic point of view, clearly defining the cost-effectiveness of 
a SHM system. 

Our experience from commercially proposing SHM systems has allowed us to identify several 
scenarios, where immediate, near-term and long-term cost savings exceed the SHM system cost. 

In this presentation, we will develop three such scenarios: 

• Supervised lifetime extension for deficient bridges, which are candidates for replacement 

• SHM during new construction and early life 

• Risk management on new geotechnical constructions 

Each scenario will be illustrated by an application example taken from practice. 

1 INTRODUCTION 
  
In the last decade Structural Health Monitoring has transitioned from essentially an applied 
research topic to a viable and healthy industry. That transition has brought new players into the 
field, such as industrial suppliers, that are now offering SHM products and services. Also, 
commercial buyers have emerged, that acquire such products and services on behalf of their 
organizations, including structure’s owners, contractors and engineering firms.  
As with any commercial market, the relationship between the cost of a product and the perceived 
benefit for the buyers, is a central concept for the SHM industry as well. 
There are several scientific studies (Radojicic et al 1999) showing how the correct 
implementation of SHM can have a positive impact on the live-cycle-cost of a structure, and 
therefore presents a positive cost/benefit ratio. In a commercial and social environment, the 
stakeholders do not always act rationally and aim to minimizing the long-term live-cycle-cost. 
Therefore, it is the purpose of this paper to present a cost/benefit analysis that is derived from 
commercial experience and a commercial perspective.  
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2 DEFINING COST 
 
Defining the cost of a SHM solution is not always easy for the prospective buyer or seller. Some 
hidden costs can sometimes be difficult to estimate a-priori. The following list can help in 
establishing the main costs that are usually associated with the implementation of an SHM 
system: 
 
Immediate costs / capital investments: 

• SHM design costs, including integration with the structure’s design 
• Hardware costs (sensors, cables, data acquisition, data management hardware, 

communication hardware) 
• Installation costs, including integration with building schedule, configuration and 

commissioning 
• Costs for installation reporting, as-built documentation, system manuals 

 
Operational costs: 

• System maintenance, spare parts, consumables, energy, communication costs 
• Data management costs 
• Data analysis, interpretation and reporting costs 

 

3 BENEFITS 
 
The benefits that can be derived from the implementation of a SHM system can be subdivided 
into two main categories: hard benefits and soft benefits. Hard benefits include benefits that can 
be economically quantified, such as immediate / deferred cost savings or increased value. Soft 
benefits include intangible benefits that the owner of a SHM system perceives and for which 
he/she is ready to pay a price, but that cannot be directly quantified. Soft benefits include image, 
prestige, adherence to standards or trends or reduction of perceived risk. Some benefits are a mix 
of hard and soft benefits. For example, a reduction of risk could lead to a savings in insurance 
cost and increase in safety, therefore creating both a hard benefit (decrease of costs) and a soft 
benefit (peace of mind). 
In the following paragraphs we will list some of the most universal hard and soft benefits. The 
pictures and their captions will be used to illustrate actual applications some of these benefits.  
 
3.1 Capital value (hard benefit) 
 
The implementation of an SHM system can be considered a capital investment and therefore 
increases the total value of a structure. As for most investments, value is not simply measured by 
the implementation cost, but also by its future capacity to generate profits. Therefore an increase 
in capital value is never sufficient to justify an investment, much like it is not justified to embed 
gold ingots in concrete to increase its value.  
 
3.2 Reduction of risk and uncertainty, increase of safety and quality (hard / soft benefit) 
 
Uncertainty leads to risk and can be associated with a cost. There are several ways in which a 
monitoring system can be used to reduce it, while increasing the safety and quality of a structure. 
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Here are a few examples: 
• If a SHM system helps in the early discovery of a construction defect, the owner can 

request the contractor to remedy it at his cost, if they are spotted within the warranty 
period, typically 2 to 5 years.  

• Being able to immediately check the real behavior of a structure against the design 
assumptions provides a quick way to spot any trouble during the construction process, 
when defects are easier and cheaper to correct. For example, the contractor can change 
the concrete recipe on subsequent pours or correct the pre-tensioning of cables and stays. 
These corrections are very expensive to implement once the building site is dismantled 
and construction equipment is removed. Some construction mistakes can also be spotted 
and corrected immediately. Examples of these problems include non-working bearings, 
lack of post-tensioning, wrong thickness of load-bearing elements, or defects to water 
barriers. SHM is therefore also beneficial to the contractor in order to avoid subsequent 
repair claims.  
 

  
Figure 1. More than 500 Buildings in 
Singapore are equipped with a basic SHM 
system.  
Main benefit: quality assurance during 
construction, reduce risk related to damage 
assessment after natural events. 

Figure 2. The Göta Bridge in Sweden is 
equipped with a distributed fiber optic crack 
detection system.  
Main benefit: Safely extend the lifetime of the 
ageing bridge.  

 
• It is proven that taking measurements has a significant and positive effect on nearly any 

process. Construction is no exception. If measurements are taken during construction, the 
contractors and all the involved personnel will have an additional motivation to deliver a 
high-quality product with lower defect rate. By providing continuous and quantitative 
data, a monitoring system helps in assessing the quality of the structure during 
construction, operation, maintenance and repair, therefore eliminating the hidden costs of 
non-quality defects. Most defects and damages to a structure are built-in during the 
construction process. However, many of them will produce a visible result only after 
many years, when repair is much more expensive and no longer covered by the 
contractor’s warranty. 

• Observing structural behavior during the initial years of a structures life provides an 
excellent baseline to compare and asses its future performance or reduction thereof. 

• Owners face a lot of uncertainties: about the real state of the materials, about the real 
loads acting on the structure and about how it is ageing. When making decisions about 
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the structure they have to take these unknowns into account and protect the structure by 
assuming the worst case scenario for all uncertainties. SHM helps reduce uncertainty and 
therefore allows the owner to make informed decisions supported by factual, quantifiable 
data. Monitoring can also reduce insurance costs by reducing the uncertainty associated 
with the insured risk. 

• A few structures might present deficiencies which cannot be identified by visual 
inspection or modelling. In these cases, it is crucial to undertake appropriate remedial or 
preventive actions before it is too late. Repair will be cheaper and will cause less 
disruption to the use of the structure if it is done at the optimal time. Having permanent 
and reliable monitoring data from a structure can guarantee the safety of the structure and 
its users. This is particularly important in the case of structures with historic value that 
cannot be replaced in case of failure.  

• Monitoring data can be used to perform “Maintenance on demand”. Optimize the 
operation, maintenance, repair and replacement of structures based on reliable and 
objective data. Monitoring data can be integrated in structural management systems and 
increase the quality of decisions by providing reliable and unbiased information 
 

 
3.3 Extension of lifetime (hard benefit) 
 
Many structures are in much better condition than expected. In these cases, monitoring will allow 
an actual increase in the safety margins without any intervention on the structure. Taking 
advantage of better material properties, over-design and synergetic effects, it is often possible to 
safely extend the lifetime or load-bearing capacity of a structure without any intervention.  
As an example, many bridges are classified as deficient and are routinely repaired or replaced 
without a quantitative assessment of their real condition and load-bearing capacity. Deciding 
about the destiny of a bridge based on visual inspection and modelling alone cannot be 
considered an efficient way to manage a bridge inventory. Experience has shown that basing 
condition assessment on visual inspection alone leads to an underestimation of a bridge’s 
condition in a vast majority of cases. This practice may be considered acceptable from a safety 
perspective, but is vastly inefficient from an economic perspective.  
 
Let’s assume that SHM systems are systematically installed on bridges identified as candidates 
for replacement, based on estimated structural conditions (Vanderzee, 2008). The SHM system 
and the engineering data analysis will typically cost 3% of the rebuild cost and will assess if the 
bridge really needs to be replaced, if it can be repaired or if it can continue operation without 
repair.  We assume, again conservatively, that after the assessment, 20% of the bridges are found 
to be in much better condition than expected and can be further operated without any 
intervention. Furthermore, assume another 20% of the bridges can be rehabilitated at 30% of the 
replacement cost. Finally 60% of the bridges will be deemed to actually require replacement. 
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Assuming the costs for replacing each bridge, without a prior assessment / SHM approach, to be 
100%, let’s calculate the cost for the proposed strategy: 
• Instrumentation cost: 3%  
• Replacement of bridges that cannot be saved: 100% cost for 60% of bridges = 60% 
• Repair of bridges that can be rehabilitated: 30% cost for 20% of bridges = 6% 
• Cost for brides that do not need any action: 0% cost for 20% of bridges = 0% 
• Total cost: 69% 
 
This example, based on realistic and conservative figures, shows that systematically 
implementing an SHM system on all bridges identified for replacement can provide a 30% 
reduction in the overall investments for the owner. This is achieved by safely deferring only 40% 
of the replacements.  This hard benefit is interesting for the owners, because it allows immediate 
savings.  
 
3.4 Increase of know-how and knowledge (soft benefit) 
 
Learning how a structure performs in real conditions will help to design better structures for the 
future. This leads to cheaper, safer and more durable structures with increased reliability and 
performance. A small investment at the beginning of a project can lead to savings later in the 
project by optimizing the design and discovering weaknesses in time. 
Large owners, such as states or countries, consider that they must also support the scientific 
community in order to advance the state-of-the-art in a particular field and therefore contribute to 
the development of better structures for the future. In this case the cost of an SHM system can be 
partially offset by a perceived benefit of serving the academic community. 
 
3.5 Conformance to standards and state-of-the art (soft benefit) 
 
Some structures, such as dams or nuclear power plants, require monitoring and regular 
assessment by law. In this case the owner is forced to adhere to such regulations and SHM 
become part of the basic cost of the structure, much like concrete or rebars. In other fields, such 

Figure 3. The Halifax Metro Center roof is 
monitored with fiber optic sensors and laser 
distance meters. 
Main Benefit: Making use of existing 
structural reserves to allow increased snow 
and equipment loads on the roof. 

Figure 4. A sinkhole area in Kansas, US, is 
monitored by a distributed strain sensor. 
Main Benefit: Early and automatic detection of 
new sinkhole formation increases safety of the 
railroad and streets crossing the area. 
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as geotechnical engineering, monitoring during construction (also referred to as the observational 
method) is so commonly used that an engineer that chooses not to apply it would expose himself 
to malpractice liability. In these cases, even if monitoring is not mandatory, it is considered 
“standard practice” and therefore becomes a de-facto obligation for the owner and engineer. 
 

  
Figure 5. The new I35W Bridge in 
Minneapolis is monitored with an extensive 
SHM system. 
Main Benefit: Reassure public on the safety of 
the new bridge, support the rapid construction 
schedule and provide data to local researchers.  

Figure 6. The Olkiluoto EPR Nuclear power 
plant containment vessel is monitored with 
conventional vibrating wire sensors and with 
distributed optical strain sensors. 
Main Benefit: Compliance to law, quality 
assurance and an increase of knowledge on the 
new EPR design. 

 
3.6 Image, prestige and public perception (soft benefit) 
 
An SHM system is still perceived as a “high tech” addition to any structure where it might be 
implemented, whether it be a building, bridge or tunnel. This addition can therefore project a 
positive image on the owner or designer implementing it, or reassure the public about the safety 
of a new or ageing structure.  

4 DESIGNING FOR COST/BENEFIT OPTIMIZATION 
 
Designing and implementing a cost-effective SHM System is a process that must be carried out 
following a logical sequence of analysis steps and decisions. The 7-step procedure that is detailed 
in the following paragraphs has proven over the years to deliver integrated structural health 
monitoring systems that respond to the needs of all parties involved in the design, construction 
and operation of structures of all kinds.  
 
4.1 Step 1: Identify structures needing monitoring 
 
This step might seem trivial, but is indeed a very important first step. Before considering a 
structural health monitoring system, it is important to consider if a specific structure will really 
benefit from it.  
 
4.2 Step 2: Risk / Uncertainty / Opportunity analysis 
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The SHM system designer, the design engineers or the engineers in charge of the structural 
assessment and the owner, must jointly identify the risks, uncertainties and opportunities 
associated with the specific structure and their probability.  
The risk analysis will lead to a list of possible events and degradations that can possibly affect the 
structure. Examples of risks are corrosion, loss of pre-stressing, creep, subsidence of foundations, 
earthquake strike, unauthorized overloads, impact, poor building material quality and poor 
execution. 
The uncertainty list includes all unanswered questions about the structural conditions and 
performance. Examples of uncertainties include the performance of the construction materials 
(e.g. the E modulus of concrete or the thermal expansion coefficient of a composite), the 
magnitude of loads or the correspondence between the calculated and the real strain levels.  
The opportunity list includes all parameters and performance indicators that might be better than 
expected or assumed. The result of this step is a list of risks that must be addressed by the SHM 
system.  
 
4.3 Step 3: Responses  
 
For each of the retained risk, uncertainty and opportunity, we now need to associate one or 
several responses that can be observed directly or indirectly. For example corrosion will produce 
a chemical change, but also a section loss. Subsidence will produce a settlement or a change of 
pore pressure. The inaccuracy of the Finite Element Model will produce a difference in the 
response between the structure and the model.  
At this stage, it is also useful to roughly quantify the expected responses. This is very important 
to select sensors with the appropriate specifications. At this stage, it is also possible to determine 
which responses are easily and efficiently observed by a periodic visual inspection and others that 
may require instrumentation. The physical locations where these responses are expected, or will 
appear at their maximum, also need to be established. The output of this step is a list of responses 
that need to be detected and measured, their estimated amplitudes and their locations. 
 
4.4 Step 4: Design SHM system and select appropriate sensors 
 
The goal is now to select the sensors that have the appropriate specifications to sense the expected 
responses and are appropriate for installation in the specific environmental conditions and under 
the technical constraints found in the structure (Glisic and Inaudi 2003). At this stage one should 
also consider the required lifetime of the SHM system and the available budget.  
It is often beneficial to include sensors based on different technologies, to increase the system 
redundancy and complementarily. On the other hand, having too many data acquisition systems 
will increase the system cost and complexity, so a good balance is required. The result of this step 
is a design document, including a list of sensors, installation and cable plans, installation 
procedure and schedule, as well as a budget.  
 
4.5 Step 5: Installation and Calibration 
 
Installation of all systems must adhere to the supplier’s specifications. The result of this step is an 
as-built plan of the SHM system, a system manual and a calibration report.  
 
4.6 Step 6: Data Acquisition and Management  
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This is the operational part of the process. The data is acquired and stored in a database, with 
appropriate backup and access authorizations. Documentation of all interventions on the structure 
and on the system is also important in this phase. The result of this step is a database of 
measurements and a log of events. 
 
4.7 Step 7: Data Assessment 
 
This is often the most difficult step, but having followed the above procedure it becomes much 
easier. By analyzing the responses of the structure, the engineer will be able to identify if any of 
the foreseen risks and degradations have materialized.  
At this step the owner will also establish procedures to respond to the detection of any 
degradation. For example, the detection of a given degradation could simply be listed in a yearly 
report, while another might require the immediate closure of a bridge for further inspection.  
The analysis of the data might prompt further investigation, including inspection, testing or 
installation of additional sensors. 
The output of this step is a series of alerts, warnings and periodic reports.  

5 CONCLUSIONS 
 
Transforming SHM into a sustainable industry requires a clear identification of the benefits of 
this technology in relation to the additional cost that it generates. The main competitor of an SHM 
system on a new or existing structure is often “doing nothing”. This is a competitor that is 
impossible to beat on price, so sales arguments must always revolve around the benefits.  
In this paper we have listed some monetary and non-monetary (soft) benefits of SHM that can be 
easily recognized by the structure’s owners, contractors and engineers.  
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