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ABSTRACT 

The disciplines of bridge management and structural health monitoring (SHM) are both undergoing 

rapid development. This paper summarises some of the key trends in both disciplines and explores 

the value proposition for the use of SHM in bridge management, both currently and in the foreseeable 

future. Examples will be discussed to illustrate value propositions for SMH supporting bridge 

management and guidance is provided on suitable frameworks to engage SHM to deliver value for 

bridge management. Some of the key advances (in both fields) will also be discussed to illustrate 

emerging opportunities for the bridge sector, with a focus on local government application. 

1 INTRODUCTION 

The use of Structural Health Monitoring (SHM) to support the management of bridges has an 

extended history. Testing and monitor of structures was undertaken by Monash (Perry 2014) and 

other pioneer engineers. Since then measurement technologies have improved significantly. During 

the last quarter of the 20th century, bridge management concepts began to be formalised and 

supporting frameworks were proposed. More recently the use of SHM as an input to bridge 

management has gained momentum (Bush et al. 2011). 

It is the experience of Australian Road Research Board (ARRB) that there are still significant gaps in 

appropriate application of SHM for both structural assessment and bridge management. The purpose 

of this paper is to provide guidance to improve appropriate application of SHM for bridge management 

(and assessment), with a focus on the local government sector. An overview of SHM, bridge 

management and bridge assessment are discussed before the appropriate use of SHM in the 

evolving bridge management process is proposed.  

2 STRUCTRUAL HEALTH MONITORING OVERVIEW 

AS 5100.7 describes SHM as “The use of various sensing devices and ancillary systems to monitor in 

situ behaviour of a structure to assess the performance of the structure and assess its condition”, and 

is the definition forming the basis of discussion in this paper. This definition would have been equally 

applicable to Monash (Perry, 2014) as it is today, albeit that measurement technologies in particular 

are, now more sophisticated. Mechanical measurement devices were previously used, and data was 

manually recorded. Data processing and analysis was also manual. Electronic sensing, processing 

and data management is now standard technology, and means that the data type, quantity and 

accuracy is now much more sophisticated (Figure 1). Details of the underlying techniques are readily 

available, for example Rooke (2018). 

While loading and measurement techniques have become much more sophisticated, the high-level 

decision process has experienced little change, namely; expected behaviour is calculated, load is 

applied, measurements are made and compared with expectations. The focus of learning is centred 

around the explanation of differences between expectations and measurements. Much of the early 

testing was based on the philosophy of proof load testing (Table 1), and this is still relevant and 

applicable today. A number of other testing rationales have developed as summarised in Table 1. 

Indicative cost ranges are also provided in Table 1, along with technical focus and typical decision 

support attributes. Within the context of rationale’s described in Table 1 a range of specific techniques 

are available for any given rationale. Austroads (2018) provides a detailed list of the range of different 

options for testing and provides indicative costs. 
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Figure 1- Recent ARRB bridge tests illustrating both load and measurement. 

 

Table 1: Attributes of typical SHM methodologies 

Rationale Cost (AUD) Typical technical focus Inform decisions regarding 

Modal testing $5–20 k Determine bridge dynamic characteristics 

Boundary conditions and element stiffness 

Dynamic response verification 

Indicative overall stiffness 

Dynamic response, defects and 

discontinuities 

Behavioural/ 

diagnostic test 

$30–100 k Model calibration 

Indication of change in behaviour 

Structural behaviour, load 

distribution, and assist 

understanding of credibility gap 

Ambient 

Strain 

Monitoring 

$50–100 k Load spectrum and patterns 

Heavy load events 

Structural behaviour, site load 

profile, distribution, and assist 

understanding of credibility gap 

Proof load lest $100–500 k “Finger print” performance and provide 

indication of change 

Capacity and risk assurance 

Due diligence 

Minimum structural capacity, assist 

understanding of credibility gap, – 

sometimes extrapolated to bridge 

family 

Destructive 

test 

$250–800 k Understand structural behaviour, failure 

mechanisms and ultimate capacity 

Ultimate behaviour, failure 

mechanism, assist understanding of 

credibility gap, – sometimes 

extrapolated to bridge family 

 

The indicative costs in Table 1 are reasonably significant in the context of bridge management and it 

is important that they are appropriately framed/applied in order to provide value to agencies. ARRB 
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regularly responds to proposal requests that include SHM in the scope. Based on our experience 

these requests are often poorly framed and are unlikely to deliver appropriate value to the requesting 

agency largely due to mis-understanding of what can be obtained from the testing and the 

applicability of the information gathered to address the underlying questions. Typically, the cost of 

these requests is significant in the context of the related activities (such as inspection and rating). 

These types of request also provide challenges to commercial service providers such as ARRB. This 

conundrum is the basis for this paper.  

The rationale recommended by the authors is that SHM should be considered only after full value has 

been extracted from alternative (and more cost effective) techniques (such as conventional bridge 

rating). Austroads (2018) provides a structured hierarchy of investigation techniques that is likely to 

maximise investment value. There are recent examples where SHM has been written into bridge 

inspection and rating scopes, possibly to minimise the engagement requirements with (internal) 

agency procurement departments. While the authors have some empathy for the rationale, the 

resulting scope is unlikely to represent a good use of funds for the agency. It is our experience that 

SHM can provide value when there is a clear focus regarding the decision to be informed by the SHM 

activity. This usually means that a significant body of prior work has been completed to define the 

specific decision(s), management options, and associated uncertainties, and these should be outlined 

in the proposal request. 

3 BRIDGE MANAGEMENT TRANSITION OVERVIEW 

Error! Reference source not found. illustrates a bridge management framework that is typical of 

those used by most agencies in Australia, and most agencies internationally use similar frameworks 

(Scutaru et al., 2018). These frameworks have their origins in maintenance management, and date 

back to the last quarter of the 20th century. Decisions are centred on establishing a works program to 

manage bridge condition. A typical asset management framework is illustrated on Figure 3. The 

context and focus of Figure 3 is significantly different to that of Error! Reference source not found., 

and is centred on delivering organisation outcomes. The decision focus for asset management is 

summarised on Figure 4, and involves the trade-off between asset performance, risk and cost. This 

same decision focus applies to strategic, tactical, and operational decisions. 

 

Figure 2- Typical bridge (maintenance) management framework. 

Management of bridges is in transition from that illustrated in Error! Reference source not found. to 

that illustrated in Figure 3, with transition progress highly dependent on the specific agency. A broad 

range of tools (including information systems) are available to support the former framework, but there 

is no comprehensive tool set available to support the latter framework for bridges. The transition is 

complex and also requires an agency cultural and business process shift. 
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Source: Institute of Asset Management. 

Figure 3- Typical asset management framework. 

 

Figure 4- Core asset management decision focus. 

SHM does not “fit” into the Error! Reference source not found. framework, however Figure 3 

provides the basis for input into bridge management because it can inform both performance and risk 

(Figure 4). The issues raised in Section 2, regarding inappropriate specification of SHM are probably 

indicative of an industry in transition. The process of identifying the place of SHM in the emerging 

bridge management discipline has been under development for some time (Bush et al.  2011), and 

this paper is a further contribution to that process.  
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Data input underpins the basis for the framing options described in this Section. Johnson et al. (2018) 

suggests that data driven bridge management decision making is in its infancy in the context of Figure 

4. SHM is a data rich technique that can inform bridge management. Bush et al. (2011) identify that 

appropriate application of SHM is dependent on (among other things) the significance of the bridge to 

network performance. Bridge management resourcing (eg SHM) its self needs done cognisant of the 

performance risk cost trade-off, and should be based on the perceived value proposition at the time of 

resource allocation. SHM is likely to become more prominent as bridge management techniques 

become more mature and sophisticated. 

Electronic bridge information systems have been used since the last quarter of the 20th century, and 

these data bases have been developed based on workflows and frameworks similar to those in Error! 

Reference source not found., and typically capture and store condition and (possibly) works 

program information. These systems will be inadequate as bridge management trends towards a 

framework illustrated in Figure 3. In particular more comprehensive decision support and 

documentation will be required in mature bridge management systems. This will also require improved 

automatic data processing, data availability and data augmentation (eg capability to integrate 

empirical and qualitative data). 

Historically SHM has been used to inform prediction of bridge (structural) performance. Figure 4 

provides the basis for SHM to also inform bridge risk decisions. Techniques to do this are less 

established than those available to inform (structural) performance. In addition, methodologies to 

appropriately quantify and respond to bridge risk require further development (McCarten 2018).  

The above discussion indicates that the discipline of bridge management is in the process of 

significant evolution, as are the application of techniques and tools (including SHM) to support it. The 

focus of the balance of this paper is centred on decision framing. because decision framing will assist 

most effect utilisation of SHM in bridge management. 

4 BRIDGE (STRUCTURAL) ASSESSMENT FRAMWORKS 

Structural assessment involves the formulation of decisions based on data. The structural assessment 

process is fundamentally different to the structural design process (AS/ISO 13822). The two primary 

structural assessment frameworks relevant to this discussion are those presented in: 

1. AS 5100 Bridge design Part 7: Bridge Assessment 

2. AS/ISO 13822 Basis for design of structures-Assessment of existing structures 

 

The AS 5100.7 process can be summarised as: 

• Understand condition 

• Identify technical factors 

• Determine loads 

• Determine capacity 

• Calculate rating 

• Optional refinement 

• Report 

The basis of this AS5100.7 decision process is structural engineering and particularly structural 

analysis as illustrated in Figure 5 and is: 

• Centred on prediction of loads and capacities 

• Underpinned by conventional engineering processes 

• Requires condition to be understood 

• Accommodates the use of load testing/structural health monitoring 

The AS/ISO 13822 process can be summarised as: 

• Define Objectives 
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• Scenarios 

• Preliminary assessment 

• Detailed assessment 

• Report 

• Iterate 

 

Figure 5- Basis of AS 5100.7 

 

Figure 6- Basis of AS/ISO 13822 

Table 2: Attributes of Bridge Assessment Framing 

Decision Frame Attribute quantification 

Structural 

analysis 

Boundary conditions and element stiffness 

Dynamic response verification 

Analytical model calibration 

Structural 

engineering 

Quantification of ambient load profile 

Probabilistic load assessment 

Redundancy, Inspectability and Ductility (RID) considerations  

Reliability prediction 

Asset 

management 

“Finger print” performance and provide indication of change 

Risk assurance 

Due diligence 

Business 

management 

As for (1) to (3) to meet business objectives 
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This AS/ISO 13822 decision process is essentially a management framing exercise as illustrated in 

Figure 6 and: 

• Is centred on risk informed management of assets 

• Cognisant of business outcomes 

• Provides for significant benefits but requires more sophisticated management processes. 

The scope of the AS/ISO 13822 framework includes that of AS 5100.7, although the interface 

between the two is not clearly defined and requires some interpretation. The objectives and attribute 

quantification of these decision frames are summarised in Table 2, and there are common themes 

with Table 1. 

The AS 5100.7 framing is much more tightly constrained with respect to the scope of decision making 

than that of AS/ISO 13822. There are significant economic opportunities in using the latter over the 

former, however the latter requires much more mature and rigorous business process and 

governance to be appropriately utilised. The extent to which organisations are able to realise the 

benefits of the latter must be carefully considered particularly in relation to risk and liability. As the 

bridge management discipline transitions towards a cost-risk-performance decision making model 

(Figure 4), business process are anticipated to become more rigorous and robust, and therefore 

facilitate more extensive use of the AS/ISO 13822 framework. This in turn is likely to lead to more 

utilisation of SHM techniques to quantify performance and risk. 

5 BRIDGE MANAGEMENT USING SHM 

While SHM can be a powerful tool, those with experience in the field often see resources repeatedly 

applied to the same poorly framed questions thus resulting in ineffective inputs to make decisions. 

One of the most common examples is the repeated attempts to use SHM to quantify the dynamic load 

allowance (DLA) for use in the bridge assessment process. This may appear to be a good investment, 

in that a significant increase in available capacity would be result if a DLA of 0.2 could be 

demonstrated as opposed to 0.4 as embed in AS 5100. The typical methodology involves 

instrumenting a specific bridge (or bridges) and running vehicles of known mass and configuration 

over the respective structures at different speeds and using the results to inform the assessment DLA.  

Actual DLA is known to be quite variable and sensitive to a number of factors including: 

1. Vehicle characteristics (suspension type, speed etc) 

2. Bridge and bridge component characteristics (span, form of construction etc) 

3. Site specific details (approach road geometry and profile) 

4. Vehicle mass and multiple presence 

Considering decision framing, use of any measured advantage would require consistent process 

control (over time) of these factors. A brief consideration of these parameters reveals that in some 

cases, the parameters (e.g. vehicle characteristics) are outside the span of control of the agency or 

are historically unlikely to be consistently controlled (e.g. bridge approach road profile), thus devaluing 

the data as a decision input. In addition, these measurements are taken at loads approximating 

service loads, but the primary use of the DLA parameter is at the ultimate load. History shows poor 

extrapolation potential between the data set being measured (service load) and the estimation of 

interest (ultimate) in this cased. In addition, it is not uncommon for measured results to suggest a DLA 

greater than 0.4 (e.g. 0.6). If this result occurs, is there an intent to increase the DLA used for 

assessment, and therefore reduce available capacity, particular when the bridge has an extended 

operational history without evidence of distress? 

This example highlights the need for decision mapping prior to the scoping and implementation of 

SHM. One of the questions to be answered as a result of the decision mapping is “is the cost of 

conducting SHM likely to be offset by a substantial value proposition that can be anticipated in 

advance”. It is the premise of this paper that such decision mapping should utilise the frameworks 

summarised in Section 4, albeit that appropriate application of these frameworks is still a “work-in-
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progress” as the bridge management discipline evolves. Even basic decision mapping can help avoid 

a repeat of the DLA example discussed above. 

In summary, decision mapping when the scope of proposed SHM is being developed should include: 

• Knowing what decisions SHM is trying to inform 

• Knowing what the likely outcomes are, and hence, how the data will be used 

• Targeting of SHM technologies to comprehensively support decisions 

• Understanding the SHM value proposition 

As highlighted by Bush et al. (2011), appropriate application of SHM is dependent on network 

significance: is the bridge network critical, on a “watch list”, or part of a family of “routine” bridges 

under investigation. Specification of SHM will vary significantly between these cases because different 

bridge management decisions are inherent in each case. 

In the resource constrained environment of most agencies, an appropriate question to consider is 

“what is the SHM investment priority compared with other bridge asset data”. It is the view of the 

authors that the bridge data investment priority at network level should be: 

1. Asset register 

2. Specification of (asset) functional 

3. Inspection (condition) records 

4. Capacity records (even basic ones) 

5. Maintenance records - that link to inspections and allow the link between resource allocation 

and network outcome to be understood over time 

6. Structural Health Monitoring records – that allow either capacity or risk to be better informed. 

It is acknowledged that specific circumstances may arise where elevation of SHM investment priority 

may be appropriate. 

6 SUMMARY 

The key point of this paper is that decision mapping is essential before SHM activities are scoped. 

Likely SHM outcomes can be anticipated in most cases, which allows the value proposition and 

appropriate (SHM) scope to be identified in detail before expenditure is incurred. Where required, 

expert advice should be sought during the decision mapping process to understand appropriate 

application of SHM – before requests for tender are issued. SHM can deliver value when it is 

appropriately scoped and framed, 

More broadly, local government agency investment in bridge management is likely to provide best 

value based on the following investment priority: 

• Inventory and condition data, and act on it – bridge servicing and maintenance is good value 

• Build maintenance action and cost data – so the organisation can self-learn to realise value 

• Assemble the most economical capacity data available – this is the starting point for SHM 

• Decision mapping: 

o Knowing what decisions need to be made and when – understand the minimum data 

inputs for these decisions 

o Stage decision making and procure accordingly – don’t procure unnecessary data 

o Technical data is generally an input to decisions, it does not drive decisions in all 

cases. 

• Sharpen the focus on the Performance-Risk-Cost (PRC) trade-off: 

• Understand the objectives and strategy of the particular organisation – what is priority and 

what is secondary 

• Balance risk management between performance and technical attributes 

• Collect cost data properly and understand what it means for the Long Term Financial Plan 

(LTFP) 

• Determining how and when SHM add value to the PRC trade-off.  
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