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Composite Bridges

Time periods in history have been marked by the materials used throughout the world.  The Stone, Bronze and Iron Ages all marked significant developments in the course of human civilization, and the new Age of Composites will surely take its place as one of the great developments in human history.  Composites are relatively new materials, which first found use in the defense sector, providing strength with a significantly lower weight than that of commonly used metals.  In recent years, a new application for composites has been found in the construction sector.  Civil engineers have discovered the benefits of composite materials, and have realized their effectiveness in the construction and repair of bridges.  However, composite materials are not without their faults.  Due to a complex, and labor intensive manufacturing process, composites are several times the price of metals, forcing engineers to weigh their benefits against their higher cost.  As more bridges are in need of repair, composite materials, with their great technical potential, offer a better method for the construction and repair of bridges. However, unless state Departments of Transportation can look beyond the cost of composites to see their long-term benefits then composite materials may prove too expensive for bridge construction.  

In construction, the most commonly used type of composite involves the use of carbon fibers.  One of the main materials used in construction is Carbon Fiber Reinforced Concrete (CFRC).
  In making CFRC, either short, discontinuous fibers, or longer continuous fibers may be used, however, they both have benefits and drawbacks.  Discontinuous fibers may be mixed directly into the cement mixer; however, continuous fibers prove to bond better with cement.  In most cases, due to a greater bond strength continuous fibers are used when making CFRC.
  Civil engineers, when overseeing the construction of structures using CFRC, discovered that the introduction of carbon fiber into the concrete decreases the workability of the material.  Although there is a decreased workability, structures such as bridges made from CFRC can benefit from the positive qualities of carbon fiber.  Tension, and ductility two significant things in a bridge, are both increased as more carbon fibers are added into the concrete.
  Civil engineers have been tasked with the problem of finding the right combination of concrete and carbon fiber to maximize the benefits of carbon while minimizing its drawbacks.  

Fiber Reinforced Polymers (FRPs) are yet another composite material being used in the construction of bridges as an alternative to conventional materials.  FRPs are produced through one of many types of molding.  The most common practices include contact molding where a mold is layered alternately with fiber and resin then rolled until all air is removed and the resin sets.  Additionally, another mold or a vacuum can be used to press the layers of fiber and resin together until bonding is complete.
  All methods for the production of FRPs are not only time consuming but are also not automated, requiring expensive manual labor.  The cost of production for FRPs is the main contributing factor to their high cost.
  Despite their cost, the positive qualities of FRPs make them attractive to civil engineers especially for use in bridges.  The major benefits of FRPs include, high stiffness and strength to weight ratios, excellent fatigue, non susceptibility to corrosion, as well as reduced installation time and maintenance costs.  The positive qualities of FRPs are the same qualities needed in bridges that will be successful not only in the short term, but in the long-term as well.
  

The success of composite materials in the construction of bridges, lies not only in their cost but in their ability to become “smart”.  Composite materials because of their structure have the ability to become “smart” through the incorporation of sensors.
  As sensor technology develops throughout the coming decade, sensors will become integral parts of a bridge.  A bridge deck made from a composite material such as a FRP will have the ability to become self-monitoring through the use of embedded fiber-optic sensors.
  In the winter these sensors could monitor the amount of ice build up on a bridge, the location of the ice, and the amount of ice all autonomously.  This information would then be relayed to controllers informing them if the bridge or vehicles are in any danger.
  As emerging sensor technology continues to develop, composite materials will become equipped with the capability to be smart and autonomous, reducing the need for the human inspection of bridges.  


In the United States, the transportation infrastructure is rapidly deteriorating, requiring the construction of numerous bridges in the coming decades.  The American Association of State Highway and Transportation Officials (AASHTO) projects that in order to “maintain current bridge conditions”, approximately 200,000 bridges will need to be replaced or repaired in the next two decades.
  This up tick in demand for the replacement or repair of bridges coincides perfectly with the development of better materials and technology available for use in bridges.  Although the use of carbon fiber based composites, such as FRPs or CFRC can be expensive, the long-term structural and self-monitoring benefits of these materials will outweigh their cost.
  Additionally, the price of carbon fiber has already begun to decrease, falling from about $1.50 - $2.00 per pound to as low as $1.20 per pound.
  As the price of carbon fiber continues to fall, civil engineers will begin to more heavily incorporate these materials into their designs.  However, the ultimate decision regarding the use of composite materials in bridge construction lies in the hands of State Departments of Transportation (DOT).  Composite materials still cost several times the cost of steel, which leaves the question: will governments look only at the bottom line, or will they realize that investing in composite bridges today will save them money in the long run.  It is the task of today’s civil engineers to design cost-effective composite bridges such that State DOTs will realize the full long-term benefits of building smart composite bridges.   
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