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This report informs about the structural design and architectural methods used to construct the Tokyo Skytree, which is a 2,080ft tall lattice tower primarily created for broadcasting television across 100km radius across Tokyo. (Mandujano-Salazar, 2021)
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background
location: 
Sumida City, Tokyo
type:
Free-standing lattice tower 
size:
634m (2,080ft) tall 
Japanese tallest structure and the world's tallest tower (as of October 2024) (Mega Structures Unveiled, 2023)
Cost:
65 Billion Yen (estimated at 650 million dollars)
 purpose:
The primary purpose of the building was a broadcasting tower with two observation decks (one at 350m and one at 450)
However, it now has other features such as a restaurant, large shopping complex with an aquarium and museum in a connecting complex. 
The tower doubles as a disaster prevention center, it can store up to 7,000 tonnes of water which can be used for cooling, heating and firefighting. (Global research, 2015)
[bookmark: _Toc184918184]key stakeholders
Owners:
Tobu Tower Skytree co., Ltd
Developer:
Tobu Railway
Architects:
Tetsuo Tsuchiya & Nikken Sekkei
Engineers:
Atsuo Konishi & Hiroshi Takagi
Contractors:
Obayashi Corporation
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Design and architectural features 
Design based off a five-story pagoda, representing the five elements of Buddhism, but also for earthquake proofing. (Rising East project, 2009)
Has a district heating and cooling (DHC) system which uses a geothermal water source heat pump paired with thermal water tanks that provide hot water and conditioning to the tower and surrounding buildings. This is managed by using the difference in temperature between the underground and air to heat and cool the water. (Babasaki, N/A)
Photovoltaic panels are the tower's newest energy saving project, with a capacity of 20kW of energy being generated for the facility.
Sixty rainwater collection tanks are installed within the basement, the water is stored for temporary periods of time providing emergency supplies. (Tokyo Skytree, N/A)  
Two observation decks were constructed with glass covered floors and a skywalk. To reduce fatalities and serious damage in the case of an emergency, the glass windows and walkway needed to be manufactured in such a way which made it resistant to shattering during high wind pressure and potential fires. Laminated glass was decided upon, this is layered glass panels with a polymer membrane in-between. This glass stretches against the 100m per second winds creating a tear-resistant barrier. Vigorous testing was conducted for its heat-resistant properties, four layers thick of glass, to minimize cracking. (Tokyo Skytree, N/A)
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engineering aspects 
materials:
Steel: Thermometrical control processed steel outer frame with triangular truss structure. Steel beans at 125m high join the central column and outer steel frame. (Impossible Engineering, 2020)
Steel reinforced concrete: used in the shinbashira (central column)
Concrete: foundations underground wall piles and cast-in-place concrete piles
Aluminum: Both observation platforms soffit panels and upper platform’s galleria exterior panel 
Fire-proof laminated glass: Used on all windows and the see-through floor of the skywalk. 
LED lighting: (al, n.d.) 1,995 neo-futuristic LED light added to the exterior with a luminance of 140m. developed by Panasonic. (Tokyo Skytree, N/A) (Panasonic, 2011)



Structural systems:
The structure of the tower is unique, the first 50m of the tower stands on three legs, creating a triangle cross-section base slowly morphing into a circular cross-section as it rises to the top. Due to the soft silt the foundation is built upon, the triangular base shape allows a concentrated force to be placed on the foundation block helping reduce the sinking and swaying of the building during horizontal winds. (Impossible Engineering, 2020)
Triangular “truss” elements are used throughout the building creating a steel lattice frame. Using 37,000 pieces of steel, cross bracers were added throughout the frame to reduce the horizontal cross load and protect against the wind weight.
Due to the building's height, slender build and being 67,000 tons, the foundation is subjected to large amounts of push-down force and pull-out force. To combat this, 131 underground concrete piles with nodular protuberances were added to increase the friction resistance acting like tree roots.  In a triangular truss shape, three 1.2m thick walls create friction by increasing the surface area against the soil. (Global ctbuh, 2011)
At 125m, the central column is connected to the steel framework using oil dampers, during earthquakes these absorb shock from seismic activity acting like a cushion to prevent the two structures from colliding. (Impossible Engineering, 2020)
Tuned mass dampers move out of sync with the tower during earthquakes which helps keep the tower's center of gravity stable, reducing the earthquakes effects. (Public Relations Office, Government of Japan, 2009) 
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Construction timeline
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(Global ctbuh, 2011)
Image showing the construction scheduling timeline of the Tokyo Skytree
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Construction methods and techniques
Slipform construction: used to build the central column, by pouring concrete continuously into a moving formwork system. The formwork is raised slowly by hydraulic jacks, allowing the concrete to harden as it goes. This method creates a tall structure quickly. (Impossible Engineering, 2020)
Knuckle walls: Used within the foundation to increase the load-bearing capacity of the piles and increases the foundation's resistance to seismic forces. The wall-shaped piles are inserted into the ground at 50m and attached to the knuckle walls, these knuckles help to anchor the piles into the ground. (Impossible Engineering, 2020)
Shimbashira-seishin: traditional Japanese construction technique used to suppress the damage caused by earthquakes by 50%. The central concrete core (known as shimbashira) is attached to the tower via fuel dampers that allow the column to sway during seismic activity without hitting the tower, The column and may tower structure move in opposite directions to cancel out the vibrations. (Weiner, 2017)
“Camber” and “Curve”: Chambering of the steel beans allows for heavy loads on taller structures as the arches help resist sagging under the weight. Curve is used for extra reinforcement of the structure. (DBarton, 2019) 


[bookmark: _Toc184918189]

Challenges during construction process
Due to the height of the structure, the electromagnetic radiation and strikes created by lightning is a concern. (Saito, et al., 2019)
At a height of 497m, Rogowski coils were installed along with high-speed cameras 1.2km away to observe any strikes. 
Researchers believe the tower has changed the electrical sky activity from the increased energy causing the lightning flashing density to surge leading to more lightning attacks. 
Swaying of the 140m broadcasting antenna creates poor signal, the secondary vibration system helps counteract this. This system is created by using tuned mass dampers filled with 40 tonnes of concrete to swing like a pendulum. During seismic activity, there is a lag between the tuned damper and towers vibrations causing them to counteract each other creating a stable system.
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The Tokyo Skytree had many obstacles which it had to overcome during the construction process. Being the first of its kind in Japan, they had to use engineering ideas from over the globe to help construct such a tall structure. 
The foundation is cast-in-situ with wall piles. Knuckles at the tips of the piles for resistance against pull-out forces. The main tower is made up of a steel-reinforced concrete column with a surrounding steel lattice frame connected by oil dampers. The tower has multiple measures to protect against earthquakes, typhoons and lightning strikes including using tuned massed dampers and vibration control system.
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