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Bridge:  A structure used to help people cross valleys, rivers, and other obstacles. 


























Civil Engineer:  A person that deals with the planning, construction, and maintenance of structures such as roads, railways, bridges, and buildings.








Pier:  A post that supports the middle of a bridge.





Abutment:  The end supports of a bridge.





Span:  The distance between two supports.





Load:  The combined forces that the bridge must support.





























                                            





             Bridges











What is a bridge ?  


Why do we need to build them ?  


Who builds bridges ?  


What should they look like ?  


How do you design a bridge?  


What forces act upon a bridge ?  


These are some of the many questions we will answer together as we learn about bridges.








Building Bridges





Even though bridges have different styles and designs, they all are built to support their own weight and the weight of the traffic that must go across them. Bridge designers or civil engineers must also consider other factors such as the weather, earthquakes and floods when designing bridges. 





There are several things that bridges may have in common. Bridges consist of piers that hold up the center of the bridge and abutments that support the end of the bridge. The distance between the two supports is identified as the span. 





 	Civil engineers decide which type of bridge to build based on the weight or load that the bridge must support, the distance the bridge has to span, and the forces of nature that the bridge will have to withstand. They generally choose from different types of bridges: suspension bridges, arch bridges, and beam bridges.  For example, a beam bridge can span as far as 1200 feet. The arch bridge can span up to 1800 feet.  Suspension bridges can span up to 7,000 feet. Each of the different types of bridges holds weight in different ways. 
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Beam Bridge
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Truss:  A series of triangles used to strengthen a bridge.











 























Chord:  Horizontal or flat part of a truss








Web member:  Diagonal part of a truss.















































Beam Bridges








A beam bridge is basically a rigid horizontal structure that rests on two piers, one located at each end of the bridge. A simple beam bridge is flat across and supported by two ends or abutments. The beam bridge is limited in use to shorter distances. The beam bridges can be made longer by placing piers or towers in the middle of the bridge to support the beam structure. 


Another way engineers make the beam bridge longer or take more weight is to allow the deck to set upon a truss system. A truss system is made of triangles.  In math class you learn that triangles are the strongest geometric shape.  They can support heavy loads with relatively small weight. The beam must be strong enough so that it doesn't bend under its own weight and the added weight of the traffic crossing it. 


One type of beam bridge is the truss bridge. A truss bridge is a series of connected triangles that distribute the weight or load to each member of the truss. It is made up of a top chord, bottom chord and web members. The truss bridge is lightweight, but very strong due to the open triangular members along its sides. Therefore, it requires less material than a simple beam bridge.  

















There are many different types of trusses. For example, the Warren Truss, Pratt Truss and Howe Truss differ based on the arrangement of the triangles. Their identifying names are attributed to the engineers who invented each of these particular arrangements. When you build your bridges you can follow their designs or invent your own.














Beam Bridge
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Compression:  Force that pushes together.





Tension: Force that stretches or pulls apart.





Forces Acting on Beams





Forces cause stress to the parts or members of the bridge.  These forces cause changes in the materials.  The engineers must make sure that the forces don’t break the bridge. When the load pushes down on a beam, the top edge is pushed together or compressed, while the bottom of the beam is stretched or is under tension. The force of compression on the upper side of the beam causes it to shorten because of the load pushing the beam inward. The result of the compression on the topside of the beam causes tension in the lower part of the beam.


The members get pulled apart during tension and pushed together during compression. While the simple beam bridge consists of a solid web member to carry the load, the truss has a top chord that is in compression and the bottom chord typically in tension. The other members of the truss are in different stages of tension and compression.























When you use the West Point Bridge Designer software these different forces will show up as red (compression) and blue (tension) when you test your bridge designs. The darker colors show stronger forces.  By knowing the kind and strength of the forces you can change the material or strength accordingly.  Lighter colored members can be changed to weaker materials to reduce the cost of the bridge.








Arch Bridges


















































An arch bridge is composed of a curved structure with abutments on each end.  They can be used only when the location provides enough firm support.  Instead of the weight pushing straight downward like on the beam bridge, the weight is carried outward along the curve of the arch to the abutments at each end of the arch. The abutments also keep the end of the bridge from spreading outward. Therefore, the arch bridge is always under compression. The amount of tension placed on the arch is determined by the curve of the arch. The less the arch is curved, the greater the amount of tension on the bottom on the arch. 





True arches are built in from the end, towards the middle. The final wedge called the keystone is set in place at the top of the arch. 
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More curved means less tension.
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Keystone in an Arch
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Less curved means more tension





Brick arches combine to span the river.





Suspension Bridges















































A suspension bridge is used when long distances must be bridged.  They are composed of a deck that is attached to, or suspended from, cables. The suspended bridge literally suspends the roadbed from huge cables, which extend from one end of the bridge to the other. The cables are attached to two tall towers and are secured at each end by anchorages. The tower allows the cables to be draped over very long distances. The cable carries the weight to the anchorages that are imbedded in solid rock or massive concrete blocks. The cables are spread over a large area in order to evenly distribute the load inside the anchorages to prevent the cables from breaking free. 





Suspension bridges come in two different types of designs: the elongated "M" shape and the "A" shaped design, called a cable-stayed bridge. The two designs support the load of the roadbed in very different ways. The differences lie in the way the cables are connected to the towers. The cable-stayed bridge attaches all cables that support the roadbed to the tower and they alone carry the weight of the roadbed and the traffic.  Cable-stayed bridges can be cheaper to build.












































Suspend:  To be held up or supported.





Anchorages:  Massive rock or concrete structures used to hold the end of the cables in place.
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    Cable-Stayed bridge





Varrazano-Narrows Bridge anchorage.
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Torsion:  A twisting force.





Resonance:  A force that is the waves or vibrations in a structure.








Other Forces Acting on Bridges





In addition to tension and compression, torsion and resonance are other forces that act on bridges.  Torsion is rotational or twisting forces that act on all bridges at times when lateral (sideways) or unbalanced loads are applied.  Resonance is the waves or vibrations that travel within the bridge structure. These forces are often caused by high winds, traffic, floods, or earthquakes.  They can cause damage to a bridge both during construction and after they are built.  Engineers must account for these forces in their design by adding diagonal supports and vibration dampening systems that interrupt the waves and prevent them from growing larger.


















































This picture of the Tacoma Narrows Bridge shows how torsional and resonance forces destroyed this bridge in 1940.  The new bridge below has a truss added to the road deck to prevent this from happening again !
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