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Abstract:

Truss bridges are deteriorating and diminishing faster than most other types of bridges. In New York State there are only a small number of deck and thru trusses left in the transportation system.  Now, more and more studies are trying to discover and develop new cost-effective techniques to evaluate the structural condition of bridges and possibly repair the structurally deficient members.  The purpose of this research is to present ways to collect data from the monitoring of a truss bridge in order to evaluate the condition of the structure and assess damage to its various members.  Information gathered on common types of damage to other truss bridges in NYS then can be used to help determine if the originally tested bridge should be repaired or even studied further.  Availability of a new wireless sensor system which can measure both acceleration and strain may be deployed during the load tests of this bridge, facilitating a way to capture the response of the bridge, under various loading cases.  The measurements are interpreted and then compared to analytical models and an inventory of similar truss bridges to determine if the original bridge is critically damaged and in need of structural restoration.  
Summary:

The health of infrastructures is a growing concern for state and local governments.  Today, bridges are becoming structurally deficient due to various problems and situations.  Exposure to various environmental conditions, such as floods, earthquakes, and wind loads can lead to rust damages, cracking, and even buckling.  Also, damages can occur depending on how the bridge is used and maintained.  The use of road salts may lead to future deck problems and excessive truck loadings can usually result in fatigue failure.  These damages along with other forms of deterioration prevent the bridge from functioning healthy and safe.  In many instances, the cost of repairing or replacing the structure is too high.  This is why structural health monitoring is important to the long-term safety of bridges.  If problems can be detected before they become critical, money and time can be saved, as well as years on the life of the bridge.  


Truss bridges are at risk more than most other types of bridges when it comes to these damages, mainly because their structurally complex design and age.  A large percentage of the truss bridges in New York State were built in the early and mid twentieth century, and are becoming structurally deficient to greater extents.  It would be easy to replace most of the truss bridges, however cost and historical preservation become issues.  Usually the cost to rebuild is too high, and in some cases the bridges are just restored because of their historical value.  Now, in order to determine if the truss bridges can be preserved, a health monitoring system must be used.  
If the repair process is going to be the most efficient, then the bridge needs to be studied to determine its condition and locate its critical members.  Inspection of the bridge may be necessary and helpful in assessing large scale damages.  However, most of the failures on truss bridges are due to cracks and deterioration that are not visible.  With the aim of providing a complete and accurate assessment of the condition of the bridge, a different system must be used.  A network of wireless sensors may be set up on the bridge in order to monitor the bridge.  The system uses a combination of sensors, such as strain gauges and accelerometers.  These sensors then measure the response of the bridge to various load cases.  The placement and quantity of the sensors is important to testing, because different areas of the bridge take on different levels of load during the testing.  Loads are generated as vehicles pass over or thru the bridge or simply as a result of environmental changes, such as temperature variations.  The strain gauges gather measurements that are useful in showing how the bridge behaves under certain levels of loading and how the loads are shed by the bridge.  The vibration measurements from the accelerometers measure the accelerations at different sections of the bridge which can provide the natural frequencies and mode shapes for the structure.  Once the measurements are taken, they can then be evaluated using various post-processing and visualization tools in order to map areas of structural damage or vulnerability in the bridge.
For truss bridges in New York State, damage is usually common in the decks, superstructure above the decks, substructure, abutments (scour at foundations), and railings (Figure 1).  Most of the damage is usually minor in the forms of corrosion and small fatigue cracks.  However, more severe damages such as section loss and the formation of scour can lead to the immediate closing of the bridge and require immediate corrective action.  All forms of deterioration, if left unattended can become more serious over time and provide a greater threat to the health of the bridge and safety of its users.   
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Figure 1: Typical corrosion and cracking in floor beams of truss bridge in Santa Clara, New York
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