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Background Information for Report
[image: ]The Tower of Pisa has become one of the most significant tourist attractions within Europe and the world due to an unintentional design causing the tower to slightly lean to one side, hence getting the name. This slight tilt has caused the structure to become extremely popular across the world due to its distinct appearance and the incredible design to help prevent the tower from collapsing for several centuries without the use of modern equipment. The reason I have chosen to study this specific structure is due to the significance of its distinct appearance, which is unlike any building across the world. As a result of this I thought that it would be interesting to research the reasons why the structure has failed to stay upright and whether it was due to the material used or the designs of the building not taking into consideration extra weight or anomalies. I believe that studying a historic building with such a significant feature will be interesting when analyzing modern structures in the future as I will be able to compare how different techniques have changed over the course of time and how the availability of modern technology has affected this. I personally believe that the modern structures will be more stable but will have less character compared to buildings in the past.
Figure 1. Leaning Tower of Pisa
Location
[image: ][1] The Leaning tower of Pisa is located within the city of Pisa, in the Northern Tuscany of Italy which is also the home to other historic structures from the same era. Examples of this are the Cathedral, Baptistery of St John and the Camposanto Monumentale. The tower was originally built in the year 1174 and was intentionally used as a bell tower for the nearby Cathedral who was also owned by the Catholic Church (currently Opera Della Primaziale Pisana). The tower is not famous for its height even though sources say that it is the tallest bell tower in Europe which is usually overshadowed by its appearance. However, its main purpose now is as a tourist attraction due to the tower's distinct lean which has caused the tower to be extremely popular. [2] Tourists can climb up the 251 steps to reach the top of the tower, which is a wonderful experience seeing how the internal structure of the building is made up whilst also getting to experience a view of the surrounding area. Per annum, 5 million tourists visit the Tower of Pisa, which brings in an external supply of capital which helps maintain and provide external supplies to the tower and the surrounding area. The tower brings in approximately 21 million euros per year, which is therefore the main source of money for this area, increasing its importance even more.

Figure 2. Location of Pisa on a map

Tower structure
The Tower of Pisa is also a design masterclass with its cylindrical shape and unique design transversing throughout the tower. The tower is made of white marble due to the mines in Carrara in Tuscany. [3] To help improve the tower's look in the white marble, 207 columns of marble were shaped prior installation on the ground to help improve the appearance of the 56m tower and the creation of the tower. This is an example of premanufacturing material prior to installment, one of the key benefits to modern infrastructure in steel and timber used in the 12th century. As a result of this, the tower has amazing curves and shapes which would be exceedingly difficult to recreate now. This extra time and effort have led to the tower being preserved for 900 years due to the importance and beauty of it. 
[image: ]Within the tower, there are spaces for each of the 7 bells specific for each instrumental note ranging from A to G, with the largest bell installed in 1655, and the last installed 1719. This is one of the multiple issues for the tower distinct lean as its center of mass due to the different weight of bells helping to unbalance the center of mass of the tower. Therefore, it has adapted a lean towards the SSE because of the building's structure, soil creep and the addition to the bells. Engineers have tried to fix the tower lean in the past by trying to stabilize the soil beneath the foundations of the tower whilst also using lead counterweights to try and return the towers 
Figure 3. Bells within the Tower of Pisa

[bookmark: _Int_sZOIfoy1][image: ]center of mass centrally. [4] The problem in modern day is that the tower's iconic tilt is of such tremendous importance to the local industry, meaning the tower can no longer be repaired to make the tower upright. As a result, modern engineers' main intentions are to maintain the towers' structure and integrity for safety purposes whilst keeping the famous tilt of the tower. In 2013, the tower has major works to reduce the lean as it was becoming unsafe. This was because it was reaching an angle change that was too significant as it had moved 25mm from 2001 to 2013. The tower was also closed for a decade stretching from 1990-2001 which shows that even with some corrections the tower is still trying to move showing that most of the techniques are not successful.




Figure 4. Ground profile beneath the Tower of Pisa
[image: A close-up of a building
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Figure 5. Lead weights on the Tower of Pisa
[image: A graph of a construction function
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Figure 6 – Tilt over time
[image: A diagram of a concrete ring
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Figure 7 - Counterweights

Designer
Even though the designer is still to this day unknown, many people have indicated that the designer for the tower is either [5] Diotisalvi, Bonanno Pisano or Gerardo di Gerardo who were all great architectural designers from the area and time of the tower's creation. The Tower began construction in 1174, and after 2 centuries it was completed in 1372. The implementation of 7 bells continued its progression for another 4 centuries due to the tower's center of mass difficulties. This took significantly longer than the actual creation of the tower because they feared the tower collapsing with the additional weight unbalancing the tower even more. Only until post construction of new structural foundations, such as lead weights, allowed for the bells to be gradually added one at a time due to each of them being very dense. [6] Lightest bell 7, Dal Pozzo (652kg), Heaviest bell 1, L’assuna  (3620kg).
[image: Image result for Bonanno Pisano ]
Figure 6. Bonanno Pisano and Tower of Pisa


Conclusion
Due to the tower's imperfections, buildings are now designed specifically and tested in extreme conditions so that something significant like this does not happen again unintentionally. The design and premanufacture of buildings in the 21st century help reduce this from occurring however it has seemed to come at a cost of the beautiful architecture with them. Overall, the building needs to be stabilized and safe for use otherwise it is deemed pointless. I have found that there is more to building a structure than it seems and how the smallest details can build up into something significant.
[image: Earthquake Resistant Buildings - Mrs. Tarr's Science Classes]
Figure 7. Modern day building design with latices
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Fig. 2. Ground profile.
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