The Physics of the Florence Cathedral

The Santa Maria del Fiore Church was built in Florence in 1296. In 1418 it was announced that a competition for proposals for the design of the problematic Duomo on the Florence Cathedral would begin. It wasn’t until the early 1400’s that Filippo Brunelleschi was commissioned to design and head the construction of the Duomo. The 
Dome itself is a significant milestone in architectural history, as it was the first dome to be constructed without the help of centering. A dome is a structure that takes the shape of a half-sphere, though it does not have to be perfectly spherical. The dome at the Florence Cathedral is ___ in diameter and has an octagonal base. 

The dome is mostly supported by the base, which is supported by the ground.
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Just like the human skeleton provides the framework and support for the body, a building also has a skeleton. Every building must withstand stress, such as gravity and wind, to retain its shape and structure. A building’s skeleton is comprised of unique structural elements, the parts that hold it together. 
There a few different structural components of every dome that allow it to withstand stress.
Compression and Tension

The horizontal supports of the Florence Cathedral’s dome are called parallels.  The vertical supports are called meridians. Both types of supports are imperative to the stability of the dome. Any structure obtains static equilibrium due to a 
balance of compression and tension. Tension and compression are the key reasons why a building stays up, or collapses. Compression is the tendency of materials to be pulled inward. Tension is the force applied that pushes materials apart. 
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The model that we created represents the general structure of the Florence Cathedral from the shape of the strings. In the dome, the strings that run down represent the meridians in the dome. The actual Florence Cathedral contains wooden supports with sandstone hoops that act as the parallels. The parallels prevent the bursting of the dome as the bottom of the dome tends to move outwards. 

Gravity

Another physics concept that the model represents is the force of gravity. What is gravity? Gravity is the force of attraction between celestial bodies that accounts for the downward pull of objects on the Earth. Gravity is also the reason why our Florence Cathedral each layer of the model is able to hang and stay at its rested position.  
The mass of an object also affects the gravitational pull. The greater the mass of an object, the greater the force of gravity. 
The equation for the force of gravity is as follows:


FO = GMM

The force of gravity equals Gravity multiplied by Mass 



d2

divided by the distance between the objects squared
In our project we used toothpicks to prevent the different wooden layers from moving. We inserted toothpicks into the holes, thus causing friction. There are two different forces pulling on the toothpicks at one time.

The sum of the forces equals the force of gravity subtracted from tensions. The force of gravity subtracted from the tension should equal zero. 
Σ F = T – FG = 0
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Newton’s Second Law states the sum of the forces should equal the mass times acceleration.    


Σ F = M × A
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