
 

 

 

 

 

 

 

Structural Monitoring and Maintenance, Vol. 2, No. 3 (2015) 199-211 

DOI: http://dx.doi.org/10.12989/smm.2015.2.3.199                                                 199 

Copyright ©  2015 Techno-Press, Ltd. 
http://www.techno-press.org/?journal=smm&subpage=7        ISSN: 2288-6605 (Print), 2288-6613 (Online) 
 
 

 

 
 
 
 

Condition monitoring and rating of bridge components in a rail or 
road network by using SHM systems within SRP 

 

Mehran Aflatooni

, Tommy H.T Chana and David P. Thambiratnamb 

 
School of Civil Engineering and Built Environment, Science and Engineering Faculty, Queensland University of 

Technology, Brisbane, Queensland, Australia 

 
(Received March 12, 2015, Revised August 9, 2015, Accepted August 17, 2015) 

 
Abstract.  The safety and performance of bridges could be monitored and evaluated by Structural Health 
Monitoring (SHM) systems. These systems try to identify and locate the damages in a structure and estimate 
their severities. Current SHM systems are applied to a single bridge, and they have not been used to monitor 
the structural condition of a network of bridges. This paper propose a new method which will be used in 
Synthetic Rating Procedures (SRP) developed by the authors of this paper and utilizes SHM systems for 
monitoring and evaluating the condition of a network of bridges. Synthetic rating procedures are used to 
assess the condition of a network of bridges and identify their ratings. As an additional part of the SRP, the 
method proposed in this paper can continuously monitor the behaviour of a network of bridges and therefore 
it can assist to prevent the sudden collapses of bridges or the disruptions to their serviceability. The method 
could be an important part of a bridge management system (BMS) for managers and engineers who work on 
condition assessment of a network of bridges. 
 

Keywords:  synthetic rating procedures, structural health monitoring systems, strain gauges, deflection 
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1. Introduction 
 

Development of a reliable method for continuously monitoring the condition of a network of 

bridges is one of the essential needs of a bridge management system (BMS). BMSs are developed 

to maintain the safety and serviceability of a network of bridges. An important part of a BMS is to 

prioritise bridges based on their structural condition. The structural condition of a bridge is 

determined based on the condition of its important components. The condition of a component is 

deteriorated over time due to ageing and loading. Due to the scarcity of resources which are 

allocated to repair and maintain the components, they should only be invested on bridge 

components which their structural conditions are worse than others in a network of bridges. Hence, 

continually identifying those components with worst condition and rating them accordingly is an 

essential part of a BMS. Aflatooni (2015) attempted to critically review the literature related to 

bridge management and rating systems where further information could be found.  

                                                       
Corresponding author, Ph.D., E-mail: m.aflatooni@qut.edu.au 
a Professor, E-mail: tommy.chan@qut.edu.au 
b Professor, E-mail: d.thambiratnam@qut.edu.au 



 

 

 

 

 

 

Mehran Aflatooni, Tommy H.T Chan and David P. Thambiratnam 

 

Continual condition assessment of a network bridges and evaluate their behaviour, assists 

managers and engineers to prevent the sudden collapses of bridges and take appropriate 

preventative actions. Through continuous real time monitoring of structures, the best time for 

conducting maintenance and repair is identified, and applying unnecessary restrictions on the 

usage of bridges are avoided. Aflatooni (2015) developed a synthetic rating method for rating a 

network of bridges which includes the synthetic rating procedures (SRP). SRP is based on the 

criticality and vulnerability assessment of each bridge and its components in a network, and 

evaluating their safety and serviceability to different loads (Aflatooni et al. 2014). It includes the 

current and future conditions of bridges. According to SRP, the criticality and vulnerability 

assessment of the bridges’ components and evaluating their current and future safety and 

serviceability to different loads are conducted based on structural analysis. In this paper, a method 

will be proposed to use SHM system and the structural analysis to monitor the current condition of 

bridges to the loads applied to the structure. This method will be used within the SRP and provide 

more information for it about the current condition of bridges through online monitoring their 

behaviour. The proposed method will not be used for the future condition of bridges hence for 

future condition, the outcome of the structural analysis explained in SRP will be used.    

SHM systems are used for continuous evaluation of the safety and serviceability of a bridge or 

its components. Currently they are only used for a single bridge or a component of a bridge. It is 

therefore, necessary to extend the application of this valuable tool to the condition assessment of a 

network of bridges. SHM systems are developed to detect and locate the damages in a bridge. 

Researchers have conducted many studies on SHM over the last two or three decades (Chan and 

Wang 2013, Sohn 2004, Wang et al. 2013). In many important bridges around the world such as 

Tsing Ma, Kap Shui Mun, and Ting Kau Bridges in Hong Kong, New Haengjou Bridge in Korea, 

Skarnsundet Bridge in Norway, and Storck’s Bridge in Switzerland SHM systems have been used 

(Li and Chan 2006). In Australia many studies on SHM systems and their publications have been 

carried out (Chan and Wang 2013, Chan and Thambiratnam 2011).  

SHM systems utilize a group of sensors to measure the responses of a bridge, and then adopt an 

algorithm to interpret the measurements and evaluate the structural condition of a bridge (Liang et 

al. 2001). Chan et al. (2011) provide information about different sensors used in a SHM system for 

loads and responses measurements. Chan et al. (2011) believe that SHM systems should have two 

components: structural performance monitoring (SPM) that monitors the performance of the 

structure at its serviceability limit states, and structural safety evaluation (SSE) that evaluate the 

health status by analytical tools through assessing of possible damages. According to Li et al. 

(2009) an ideal health monitoring system should identify the damage, shows its location, 

determine the type of the damage and its severity and finally its impact on the behaviour of the 

civil structures.  

In vibration based SHM systems, the health of a bridge or its components are evaluated based 

on monitoring some characteristics of the structure such as natural frequency, mode shapes, and 

modal damping values (Radzieński et al. 2011, Salawu 1997). Those characteristics are identified 

through experimental or field tests. In addition, researchers use modal derivatives such as modal 

flexibility, mode shape curvatures, and modal strain energy for damage detection or localisation 

(Catbas et al. 2008, Roy and Ray-Chaudhuri 2013, Shih et al. 2009, Wang 2012). Frequency 

response function (FRF) are also used by some researchers for damage detection (Bandara 2013, 

Sampaio et al. 1999). In order to properly analyse the mode shapes tools such as wavelet transform 

(Taha et al. 2006), neural networks (Bandara et al. 2014, Lee et al. 2005), least-squares estimation 

approach (Yang and Lin 2005), linear matrix inequality (Abdalla et al. 2000), multi-criteria 
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non-linear optimisation (Hassiotis 2000), and genetic algorithm (Nobahari and Seyedpoor 2011, 

Wang 2012) are also incorporated in the damage detections techniques. In addition, structural 

model updating was another technique used by researchers to detect damage in a structure 

(Reynders et al. 2010, Wu and Li 2006). 

One of the responses of the structure which are used to identify the stresses in a component is 

the strains in critical locations of a component. Measurement of strains in critical locations can 

determine whether the forces applied to the component is larger than its capacity. The strains are 

measured by strain gauges. There are different types of strain gauges such as electrical resistance 

strain gauges, vibrating wire strain gauges, and fibre bragg grating (FBG) (Chan et al. 2006, Ko 

and Ni 2005). To select an appropriate strain gauge the requirements such as accuracy, temperature, 

stability, duration of usage, and cyclic endurance should be taken into account (Micro 

measurements a VPG Brand 2014). Some of the parameters which affect the operation of a strain 

gauge are its strain-sensing alloys, gauge pattern, grid resistance and backing materials (Micro 

measurements a VPG Brand 2014). The strain gauges are used for measuring the responses of both 

steel and reinforced concrete components (Bao et al. 2001, Henault et al. 2012). Researchers use 

strain gauges to estimate the remaining fatigue life of a bridge (Li et al. 2003, Zhou 2006).  

Vertical displacement of components is another important response for evaluating the 

serviceability of a bridge or its components. The vertical displacement can be determined through 

different methods (Chan et al. 2009, Yau 2014). Some techniques used for measuring the vertical 

deflection of a component are terrestrial laser scanning (TLS), linear variable displacement 

transducers (LVDTs), electric strain gauges, and using fibre optic sensors (Chan et al. 2009, Park 

et al. 2007, Yau 2014). Vertical displacement of components can also be measured directly by 

using methods such as surveying, using global positioning systems (GPSs) (Ogundipe et al. 2014), 

and photogrammetric measurements (Jáuregui et al. 2003). The accuracy of measuring the vertical 

deflection through the preceding methods can be affected by different factors such as atmospheric 

or weather condition. The vertical displacement can also be determined indirectly through 

calculating the curvature of different points of a component (Vurpillot et al. 1996, Yau et al. 2013). 

Geometry of a component and boundary condition are some of the important factors which should 

be taken into account while the vertical displacement is calculated through indirect methods.   

The SHM systems explained above collect detailed responses of a structure or a component of 

a structure and conduct comprehensive analysis to investigate their structural behaviour or health. 

Although in many cases they can be applied to a specific bridge or a component, they should be 

simplified to be applied to a network of bridges, as the complexity of the structural behaviour of a 

network of bridges are very high. Therefore, this paper focuses on collecting the type of data 

which directly reflect the safety and/or serviceability of structures. The method will be used to 

provide more additional information for SRP about the current condition of a network of bridges. 

The method can significantly increase the efficiency of using the scarce resources which are 

invested on maintaining bridges. 

 

 

2. Proposed method for continual health monitoring and rating of the components 
of a network of bridges 

 
This section describes a new method which will be used in synthetic rating method and SRP for 

condition assessment and rating of the components of a network of bridges based on their current 

condition. According to SRP, the criticality and vulnerability of the components are determined 
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based on the demand by capacity ratios (DCRs) of the components. The criticality and 

vulnerability of the current condition of the components at both safety and serviceability levels can 

either be identified by structural analysis or measuring the responses of the structure through 

utilizing SHM systems. The demand means the responses of a component of a structure including 

deflections, and internal strains or stresses induced by different loads including vehicle dynamic 

load, flood, wind, earthquake, and collision loads. The capacity of a component is the maximum 

responses that a component is allowed to have based on design standards, when the structure is 

subjected to any of the previously mentioned loads. The calculation of DCRs of components by 

using structural analysis can be seen in the authors’ previous publications (Aflatooni 2015, 

Aflatooni et al. 2014, Aflatooni et al. 2015).  

A bridge in a network of bridges may be subjected to different loads including live (vehicle) 

load, wind, flood, earthquake, and collision. The developments in measuring the responses of 

structures though new devices can help engineers to directly and reliably evaluate their condition 

without conducting structural analysis. In order to assure that a component will not fail under a 

particular of load, the engineers need to determine that in any critical locations of the component, 

the strain will not exceed the maximum strain that the component can carry. Similarly, for 

serviceability of the structure they have to be ascertained that the maximum deflection of any 

components of the bridge will not exceed its allowable values determined by the design standards.  

When a new structure is designed the internal strains are calculated based on the estimated 

internal forces in the component. In order to identify the internal forces, external loads are 

estimated by the standards and the behaviour of the structure is anticipated. Although many efforts 

will be made to assure that the values are reliably and cost effectively estimated, still many 

assumptions in regards to the external loads, characteristics of the materials, and behaviour of the 

structure are required to be made.  

In regards with existing structures, if the above strategy is taken to evaluate their current 

condition, the results will be even more uncertain as many more assumptions related to the new 

current condition of the structure are required to be made. The new condition of an existing 

structure has changed over time as the condition of many parts of it has deteriorated by aging due 

to environmental effects and applied external loads to the structure. Therefore, considering the 

considerable developments achieved in the area of measuring the responses of the structures 

through new technologies, for existing bridges it would be more reliable to directly measure the 

strains and deflections in the critical locations of the component to identify whether the component 

can carry its load and also whether it is serviceable.  

The measurements directly show the strains of different critical locations of a component and 

the maximum deflections of the component, therefore, the responses do not need to be indirectly 

calculated though structural analysis and estimating the bending, shear, axial, and torsional forces. 

Through directly measuring the strains and deflections of the critical locations of a component, 

information about its section properties or defects in the component will not be needed, as all of 

them will be reflected in the measured strains and deflections. This will not only eliminate all the 

uncertainties in many assumptions that should be made when the structural analysis is used, but 

also it will make the method much easier to be implemented and make it less costly and more 

reliable. As the measurements are continual and are associated with the real loads which are 

applied to the structure; hence, the results would be highly reliable.  

Based on the above discussion, in this paper the maximum capacity of a component at safely 

level and for all the forces mentioned before except seismic loads is defined to be the yielding 

strain at its critical locations. For seismic forces where the plastic capacity of the components 
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based on the performance based methods are considered, values larger than yielding strain can be 

taken into account. At serviceability level according to this method, the maximum deflection 

defined by the standards can be considered as the maximum serviceability capacity of a 

component.  

In order to monitor the behaviour of each component of a bridge in a network of bridges, Eqs. 

(1)-(10) are proposed in this paper. At a network level many bridges and components with 

different types of materials and structures exist, as a result, the measurements in this method are 

limited to strains and deflections. Eqs. (1)-(5) respectively indicate the demand by capacity ratios 

(DCRs) (or criticality) of component i of a bridge to live, flood, wind, earthquake and collision 

loads. Eqs. (1)-(5) also show the ratings of the component i in a network of bridges associated with 

the above mentioned different loads. They are related to safely level, and applied to steel 

components. Similar concept can be applied to components with other types of materials such as 

reinforced concrete.   

 (1) 

 (2) 

 (3) 

 (4) 

 (5) 

where; 

CCALi: Criticality and rating of component i associated with live load (safety level) 

CCAFLi, CCAWi, CCAEi, and CCCOLi Vulnerability and rating of component i in a network 

respectively associated with flood, wind, earthquake, and collision (safety level) 

εy: Yielding strain of components 

εali,εafli,εawi,εaei,εacoli: Measured strains at critical locations of component i respectively 

associated with live, flood, wind, earthquake and collision loads (safety level) 

At serviceability level, as shown in Eqs. (6)-(10), in order to calculate the DCRs (or 

vulnerability) of component i related to the serviceability of the component and associated with 

each load (e.g., live, flood, wind, earthquake, and collision loads), the measured deflections should 

be divided by the maximum allowable deflections determined by design standards. 
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 (6) 

 (7) 

 (8) 

 (9) 

 (10) 

 

where; 

SALi: Criticality and rating of component i associated with live load (serviceability level) 

SAFLi, SAWi, SAEi, and SCOLi: Vulnerability and rating of component i in a network 

respectively associated with flood, wind, earthquake, and collision (under serviceability loads) 

Δallowable: The allowable deflections of a component determined by design standards 

Δali,Δafli,Δawi,Δaei,Δacoli: Measured deflections at critical locations of the component i 

respectively associated with live, flood, wind, earthquake and collision loads (under serviceability 

loads) 

The strains and deflections are related to the critical locations of each important component of a 

bridge. The important components of a structure are those, which the load carrying capacity of the 

bridge is highly dependent on them. The critical locations of a component are those where the 

highest responses in respect to other parts of the component can be seen, when the component is 

subjected to different loads. For example, the critical location in respect to bending in Fig. 1 is in 

the middle of the beam. The critical locations of the component and the important components of a 

bridge could be identified though structural analysis and considering the capacity of the 

components as explained in synthetic rating method and SRP. Fig. 2 shows the algorithm of the 

method related to live loads at safety level. For live loads at serviceability level, and for other 

loads at both safety and serviceability levels similar algorithm could be developed. The term live 

loads here refer to moving loads with different speeds, magnitudes and axle configurations (e.g., 

stiffness and damping systems). 

By using the proposed method in this paper in synthetic rating method and SRP, the condition 

of the components of all bridges at a network level are monitored and those with worst conditions 

will be identified. 
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(a) Safety level 

 

 

 
(b) Serviceability level 

 

Fig. 1 DCRs of a simply-supported component at safety and serviceability levels 

 

 

 

Fig. 2 Layout of the method for component i associated with live loads at safety level 

 

 

Although this method provides continual information about the components of bridges, as 

explained in synthetic rating method structural analysis would still need to be performed to 

evaluate the behaviour of bridges and find the critical locations of the components. According to 

SRP, after narrowing down all the components in a network to those with worst condition, the 

detailed structural assessments including detailed structural analysis can be conducted on the 

associated selected bridges. The detailed structural evaluations on selected bridges can be carried 

out as the number of bridges under assessments is reduced from a network to a few bridges. In 
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addition, at bridge level and for selected bridges based on the above method, in case it is required 

the SHM systems such as those introduced in the introduction of this paper which take into 

account different parameters of the structure such as natural frequencies, and modal parameters 

and their derivatives can be adopted for damage detection and identification. 

 

 

3. Example 
 

The following artificial example helps to illustrate the method. Ten important components of the 

corresponding 10 hypothetical bridges are shown in Table 1. In the third column of Table 1 as a 

safely margin, 60% of yielding strain was considered. The bridges were assumed to be subjected to 

different vehicular live loads e.g., vehicle loads with different speeds and magnitudes and axle 

configurations that a real bridge may experience over a period of one year. The maximum strains 

and deflections of the components associated with the loads were measured using an installed SHM 

system and compared to the corresponding allowable values. Other loads such as earthquake and 

flood longer period may be considered. They are not discussed in this paper; however, the 

procedures are similar to this example. Fig. 3 shows the DCALi values of element E4 under different 

vehicle loads over a period of one year. Element E4 is related to bridge 4. Bridge 4 is subjected to 

one arbitrary vehicle load each day.  

As mentioned before, in Eqs. (1)-(10), the CCALi, CCAFLi, CCAWi, CCAEi, CCCOLi, SALi, 

SAFLi, SAWi, SAEi, and SCOLi values are in fact the demand by capacity ratios (DCRs) of the 

component i of a bridge at safety and serviceability levels and associated with different loads. DCR 

is used in synthetic rating method to calculate weighting factors. The measured responses are 

reflecting the condition of the component at the time of measurement and as explained before they 

reflect the real condition of the deteriorated components. Therefore, the rating and criticality and 

vulnerability of the components will be determined based on the real deteriorated condition of 

components and the bridge. 
 

Table 1 Maximum strains and deflections and the corresponding CCALi and SALi values 

Element εali εy Δali (mm) Δallowable (mm) CCALi SALi 

E1 6.5E-04 1.14E-03 11 14 0.57 0.79 

E2 7.2E-04 1.14E-03 15 17 0.63 0.88 

E3 5.5E-04 1.14E-03 19 28 0.48 0.68 

E4 1.01E-03 1.14E-03 35 28 0.89 1.25 

E5 8.2E-04 1.14E-03 23 22 0.72 1.05 

E6 9.0E-04 1.14E-03 22 19 0.79 1.16 

E7 4.9E-04 1.14E-03 14 22 0.43 0.64 

E8 5.6E-04 1.14E-03 18 25 0.49 0.72 

E9 6.9E-04 1.14E-03 21 25 0.61 0.84 

E10 5.0E-04 1.14E-03 7 11 0.44 0.64 
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Fig. 3 Demand by capacity ratios of element E4 (CCALi) for a period of one year 

 

 

Table 1 and Fig. 3 show how the behaviour of the components of a network of bridges can be 

monitored to obtain their maximum strains, and deflections. Subsequently, the associated demand 

by capacity ratios will be calculated using the Eqs. 1 and 6. As shown in Table 1, the CCALi value of 

the element E4 is 0.89 that means the bending moments associated with some particular vehicle 

loads reach to 89% of its bending capacity. The deflections associated with those loadings as shown 

in Table 1 is higher than allowable values. Fig. 3 provides continuous data about the magnitude and 

cycles of loadings, hence it will be useful for fatigue effects on the component over a long run. For 

each component in a network figures similar to Fig. 3 could be recorded for a long time (e.g., years). 

Therefore, any increase in the demand by capacity ratio of the component can indicate the increase 

in load or degradation of the component over years. Tables and figures similar to Table 1 and Fig. 3 

can be provided for other loads as well. These tables and figures will be used in synthetic rating 

method and SRP (Aflatooni 2015) to continually monitor the load carrying capacities of the 

components under the applied loads and identify those which do not meet the safety and/or 

serviceability requirements.    

The DCRs of the components provide an appropriate understanding on the real performance of 

bridges. The larger DCR values at safety and serviceability levels show the higher risk of failure of a 

bridge component at each safety or serviceability levels. The DCR values larger than unity show that 

the component cannot safely carry their loads or it cannot satisfy the serviceability requirements of 

the design standards. 

The strains and vertical deflections can be measured by different tools and methods as briefly 

explained in the introduction. Each tool or method of measuring or calculating the strains or vertical 

deflections has its own limits, therefore, depending on the type of structure, type of component, 

importance of the component, atmospheric and weather condition, etc., a suitable one should be 

selected. A combination of them can also be used to improve the accuracy of the results.  

The measured strains and deflections of all the critical components of each bridge in a network 

can be collected at the location of the bridge. The measured responses will then automatically be 

compared with the recorded yielding strains and maximum allowable deflections as can be seen in 

Eqs. (1)-(10), to determine the ratings or criticality and vulnerability of the components (e.g., CCALi, 
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CCAFLi, CCAWi, CCAEi, CCCOLi, SALi, SAFLi, SAWi, SAEi, and SCOLi) of the bridge. In order to 

identify the ratings of the condition of a component associated with each load in a network of 

bridges, the results will be transmitted to one place (e.g., uploaded to a network) to be compared 

with other similar data related to other bridges in the network.  

According to SRP, when structural analysis is used, the DCRs of the bridge components are 

calculated and considered as weighting factors. The weighting factors of component i related to live, 

flood, wind, earthquake, and collision loads are respectively shown by parameters; ali, afli, awi, aei, 

and acoli (as shown in Eqs. (A1) and (A2)). Then the CCALi, CCAFLi, CCAWi, CCAEi, and CCCOLi 

values are calculated based on multiplying the current condition of the components (e.g., Cci) to the 

preceding weighting factors (respectively e.g. Cciali, Cciafli, Cciawi, Cciaei, and Cciacoli as shown in 

Eqs. (A1) and (A2) in Appendix). The values of Cci are determined through inspection. By using the 

method proposed in this paper however, the criticality and vulnerability of components at safety and 

serviceability levels e.g., CCALi, CCAFLi, CCAWi, CCAEi, CCCOLi , SALi, SAFLi, SAWi, SAEi, and 

SCOLi are directly the DCRs.  

As by measuring the responses by using SHM systems instead of calculating them through 

structural analysis, the current condition of the components of bridges are continually assessed 

through their responses, therefore, Cci which is the current condition of the component i is not 

required to be estimated through inspection and incorporated in the SRP equations. This will 

improve the reliability of the outcomes, as the uncertainties from inspection will not be entered in 

the equations of this paper. By using SHM systems the condition assessment is continual as 

measurements are continuously performed, contrary to identifying the criticality and vulnerability of 

components based on structural analysis and inspection outcomes which the results are not continual 

as they are updated at the time of inspections. The method proposed in this paper provide additional 

continual information to be used in synthetic rating method and SRP, therefore, structural analysis 

as explained in SRP would still need to be conducted to find the critical locations of the components 

and interpret the behaviour of the structure and predict the future condition of bridges.     

The structural analysis based on SRP’s method is used to obtain the weighting factors and 

criticality and vulnerability of the components (as shown in the Appendix). Recording and analysing 

data obtained from this method such as Fig. 3 for a longer time (say 5 years) can also help to predict 

the future condition of a component. In the process of conducting structural analysis, the maximum 

loads which the structure may be subjected to within its lifetime are predicted by the design 

standards, therefore, the future behaviour of the structure can be evaluated through structural 

analysis. This proposed method however, continually monitors the condition of each bridge 

component and provides reliable data about the behaviour of bridges in the network at the time of the 

application of each previously mentioned loads. 

 

 

4. Conclusions 
 

To summarize as elaborated in this paper, continually evaluating the safety and serviceability of 

bridges at a network and conducting timely maintenance and repair is an essential task in a bridge 

management system. Especially considering that the bridges are constantly under different types of 

loads and their condition is degrading due to different environmental factors. The authors of this 

paper have already developed the synthetic rating method and its procedures (SRP) for evaluating 

the current and future condition of bridges at the network level. One of the main parts of that 

method is calculating the criticality and vulnerability of the bridge components in a network 
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through conducting structural analysis and calculating their demand by capacity Ratios (DCRs). 

This paper explains how a SHM system can be used to continually calculate the demand by 

capacity ratios of the bridges’ components and evaluate their criticality and vulnerability. This 

method will be used within synthetic rating method and SRP for condition assessment and rating 

of bridge components.   

According to this method strain gauges are used to measure the demand in components 

subjected to different loads including vehicle load and the loads associated with the extreme events 

such as flood, wind, earthquake and collision. The location of the strain gauges can be determined 

through performing structural analysis. The demand by capacity ratios of a component subject to 

different loads will then be calculated through dividing the demands which are the strains in 

critical locations by the yielding strains at those locations. The ratios show the criticality of the 

condition of a component when it is subjected to different loads. In order to evaluate the 

serviceability of the component of the bridge, the maximum deflections of the components or 

spans of a bridge is measured and it will be compared with the maximum deflection limits 

identified by design standards. The ratios of measured deflections with maximum deflections 

identified by standards show the serviceability of the component or a bridge at a network level. 

The above ratios both at safety and serviceability levels are used to continually determine the 

ratings of a component in a network of bridges and their components. 

The proposed method will focus on the behaviour of the structure at the time of the application 

of forces. In order to be able to interpret the behaviour of a bridge, structural analysis would still 

need to be conducted as explained in SRP. As this method is based on measuring the responses of 

the structure, the deteriorated condition of the components at the time of measurement is taken into 

account. According to the method, only strain and deflection responses of components in a 

network of bridges are used to evaluate their criticality and vulnerability. The reason is that this 

method should be applied to a network of bridges; therefore, it should be simple to be applicable to 

a massive number of components and bridges at a network level. According to synthetic rating 

method for those limited bridges and their components which their condition are identified as 

critical, detailed structural analysis can be performed or more detailed SHM systems can be 

adopted to assess their condition. Continually evaluating the condition of bridges which many of 

them are old and heavily loaded through the SRP and the proposed method in this research, helps 

to prevent sudden collapses of structures and maintain the serviceability of bridges at a network 

level. 
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