
Four Stresses on Bridges
 

A force is a push or a pull. All 
bridges must withstand forces. Most 
of the time, many forces are acting 
on the bridge. They combine to 
cause stress on the bridge. There 
are four types of stress, which are 
described below. 

•	 Compression is a squeezing 
stress. Push on two opposite 
sides of a sponge, and the sponge 
will compress, or get smaller. 
The steel or concrete of a bridge 
is much stiffer than a sponge. 
But it still can shorten slightly 
due to compression. If the 
compression force is too strong, 
the material will bend or 
fracture. The crumpling of a 
sheet of paper is similar to the 
buckling of an overly compressed steel beam. 

•	 Tension is a stretching stress. When you pull on two ends of 
a rope in a game of tug-of-war, the rope experiences tension. 
Many parts of a bridge, including the cables of a suspension 
bridge, are under high tension. When the tension in a beam 
or cable is too great, it will stretch or snap apart. 

•	 Torsion is a twisting stress. Have you ever twisted a rubber 
band or a licorice stick? The materials in these objects 
change readily when torsion is applied. The steel parts of a 
bridge are more resistant to torsion. Nevertheless, the forces 
of moving vehicles can apply torsion to the bridge deck. 
Strong winds also apply torsion to bridge decks. 

•	 Shear is a stress that involves two forces that act in opposite 
directions. A skinned knee, for example, is the result of 
shear. When your knee scrapes against a hard surface, your 
body forces the skin in one direction while friction from the 
surface forces the skin in the opposite direction. A bridge 

The Coronado Bridge in San Diego is an example of a 
beam bridge. Why does the bridge need so many piers, or 
tall posts, to hold it up? 
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may be subject to shear during an accident, such as a heavy, 
fast-moving truck striking one of its parts. Wind and moving
water can also cause shear stress. Earthquakes shear the 
ground that bridges are anchored to, which can also cause 
parts of the bridge to shear. 

 

Different types of bridges manage the four stresses in different 
ways. Each type of bridge is better able to withstand a certain 
maximum stress. This helps engineers choose which type of 
bridge to build to meet a certain need. 

For example, consider the compression and tension stresses on 
a beam bridge, such as the bridge shown in the photo. A beam 
bridge consists of one or more beams that span across two piers. 
You can model a beam bridge by laying a flat board across two 
stacks of books. 

What happens when you add weight to the board? The more 
weight you add, the deeper the board sags in the middle. As time 
passes it might sag even more. 
Sagging involves compression 
and tension acting together. 
The top layer of the beam is 
squeezed, so it is under 
compression. The bottom layer 
is stretched, so it is under 
tension. If the weight on the 
beam increases, both the 
compression and tension 
increase. Eventually, the beam 
might fail. 

Bridge designers have two main 
ways of managing tension and 
compression on a bridge deck. 
One way is to spread the forces 
evenly across the beam. Devices 
such as trusses and girders help 
accomplish this task. The second way is to transfer the forces to 
another structure. The towers of a suspension bridge or 
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The deck of this bridge is supported by trusses in the form of 
arches. 



the arches of an arch bridge are examples of transferring tension 
and compression off the bridge deck to other structures. 

The deck of a suspension bridge experiences relatively little 
compression and tension. This is because many cables that are 
close together hold up the bridge deck. This design, however, 
makes it easier for torsion to affect the deck. Torsional stress on 
these bridges is typically caused by wind. Engineers often add 
trusses to help stabilize the bridge. Adding diagonal suspender 
cables can also increase stability. 
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