The advantages and disadvantages of using concrete frame or steel frame.
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Introduction 
During this case study I will be diving into some of the similarities and differences between steel and concrete frame. This will also include deducing which frames are better for different environments.
Villa Saitan 
The first building I chose is Villa Saitan which is composed of a reinforced concrete frame. Villa Saitan sits just outside of the main street in Nishioji-Hachijo, Kyoto. It is a housing complex made up of 11 units. The idea the architects had was instead of the building look like it’s made up of multiple apartments, it should be seen as one house. They did this by concealing the apartments within a concrete structure that was built to look like a tree. Balconies sit in cut out concrete which are in the shape of leaves. And the entrance is cut out to look like the trunk of the tree. All around a stunning building.
Concrete is a good all-around material to build out of due to its high compressive strength. It is also good due to the fact it gains it strength generally over 28 days and isn’t affected by moisture when set. Concrete is also fire resistant as opposed to steel which has extensive costs to be fireproofed. Concrete also has very little service costs due to its long-life span. Concrete is also a good insulator due to its thermal mass which means that heat passes through slower whereas steel is a great conductor which means that heat passes through quickly and dissipates. 
An issue with concrete by itself is that it lacks tensile strength. This is fixed by adding steel bars which then take the tension leaving the concrete to deal with compressive stress. Another issue with concrete is that if not mixed and cured properly it can cause the concrete to crack which allows moisture to fester on the steel causing it to rust and ultimately fail. Concrete is also highly labour intensive which in comparison with steel costs more money in this regard.
Another issue with concrete is a phenomenon called efflorescence. This is when the mixture of concrete contains soluble salts it leads to the concrete looking like it pours out a powdery white substance. If this is not treated in severe cases it can put the structures integrity at risk. Although it can be simply treated with salt neutraliser. Efflorescence is more likely found in coastal areas.
If any concrete cures to quickly it’s likely that the concrete will not be at full strength and will look chalky. This is because the moisture has evaporated as its too warm and the concrete no longer has the correct proportions to cure fully. To prevent this there are measures such as spraying water on the concrete or simply providing shade. A similar instance can occur when it is too cold as the water freezes but can be a lot more detrimental causing irreversible damage. If the water freezes it cannot mix with the cement and the aggregates significantly lessening the overall strength of the concrete. This can be countered by windbreakers which aren’t extremely effective by are cost effective. More effective solutions include large heated concrete blankets which is possible the best solution but the costliest out of all the solutions especially with larger scale construction projects. Whereas steel doesn’t suffer these consequences due to weather conditions. 
Concrete has a large negative affect on the environment. This is due to its large carbon footprint. On average in 2019 79kg/1tonne of reinforced concrete (green). 
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The graph above shows that since 2009 Co2 emissions from reinforced concrete (green) have dropped from 94.8kg/tonne to 79kg/tonne. This shows that over the years concrete has been adapted to have the same capabilities but a much lower carbon footprint making concrete a more viable option for future construction projects.
In Kyoto, Japan it has a relatively humid climate. This can be an issue due to the following reasons. Firstly, the humidity can create the necessary environment in which mold can become present. And through the growth of the mold if it is within the concrete due to air pockets this can compromise the structural integrity of the concrete lead to cracks and possible failure. So therefore, it is important to ensure the concrete has the correct ratios and is mix correctly to ensure no pockets of air can form during the pouring or setting. Whereas mentioned further on in this case study steel is prefabricated at a factory so when it is delivered to site it is ready to be used with no issue. 
Japan also sits on the top of multiple areas where tectonic plates meet. Therefore, this is the reason why Japan is so prone to earthquakes. In fact, Japan experiences 2000 earthquakes a year but these aren’t large scale earthquakes, they are more like mini quakes. Although they do experience around 500+ earthquakes that have a magnitude of 1.5 or higher. Today's Earthquakes in Japan (earthquaketrack.com) unknown. This link will take you to a site that track all of Japan’s earthquakes. So far this year they’ve 648 earthquakes over a magnitude of 1.5. 
Reinforced concrete is a great selection for constructing buildings in areas where earthquakes are highly probable. This is due to reinforced concrete having the ductility from the steel rods within which provide the ability for the building to move and shake during an earthquake which inherently lessens the damage and therefore, less casualties, costs etc. Combined with the strength and stiffness of concrete makes these buildings much less likely to experience any severe damage during earthquakes. 
Taipei 101
The second building I chose is the Taipei 101 tower which is composed of a steel frame. The construction started in 1999 and completed on the 31st of December 2004. The Taipei Tower was once the tallest building in the world standing at around 508m. And costed the large sum of 1.8$ billion. It gets its name from standing a remarkable 101 floors above ground. The Taipei tower houses a variety of things such as a shopping centre, office space and restaurants. Also, not to mention the building is essentially a gigantic glowstick that hosts new year fireworks annually to celebrate. You can even watch from inside the building. It also features one of the world’s fastest elevators.
Unlike concrete, steel does not need reinforcing, this is due to steel having greater tensile strength. Also, with concrete it requires curing to harden and gain full strength whereas steel comes prefabricated and ready to assembly, meaning steel frame buildings have a much faster construction time than concrete frame. Famous steel frame buildings such as the Empire State have been known to rise on an average of 4.5 storeys.
Steel frame is also generally lighter than a concrete frame. This allows the foundation to experience lower loads. This also means that less materials can be used for the construction for the foundation. Meaning steel has a lower environmental impact than concrete in this regard.
Another thing steel has over concrete is that it can be recycled. Meaning the whole frame from a steel building can be reused whereas with concrete frame, not one of the components from it can be reused at this moment in time but there is ongoing research to try to able to recycle it.
Although steel taxes the environment harshly. This is due to the steel needing extensive heating producing massive amounts of air pollution within the manufacturing process. Also, steel requires more machinery on site to construct the frame which are mostly combustion-based plant which also negatively contribute to air pollution. The production and transportation of steel is also very expensive on average in London structural steel steel can cost around £1700 per tonne. 
www.approvedindex.co.uk/steel-buildings/steel-building-prices  - unknown 
With 380 piles that are 1.5m in diameter boring down to about 60m Taipei tower stands strong. The tower features a 21m deep basement although the water table on the site sat a mere 2m. To counter this slurry walls were put in place to prevent any caving that would have caused uplifting forces. The slurry walls go up to 47m deep and are 1.2m thick.
All the above is in place to make sure the building has the stiffness it needs to power through a typhoon as Taiwan is a hotspot for these due to being a sub-tropical island and experiencing a typhoon season every year that lasts a few months. 
Although it needs some level of flexibility due to Taiwan sitting on the Pacific ring of fire and experiencing many earthquakes per year. This is achieved by using steel. Steel is an alloy made up of iron and carbon. There are variations in the ratios in which steel is made which can increase strength but decrease ductility. So how was steel used in this build? 
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As shown above this building also houses one of the coolest pieces of engineering I’ve come across. It is a tuned mass dampener, with a diameter of around 18ft and weighs 660 ton which acts like a gigantic pendulum. Moving ever so slightly back and forward to counteract any movement in the building. It is hung by 16 thick steel wires and is visible between the 88th and 92nd floor which can be viewed by the public. Two additional tuned mass dampeners are present in the spire which counter the overturning forces above. The two tune mass dampeners are around 7 tons each.
Conclusion
In my opinion I believe that steel is a better material to use over concrete. This is because steel has a higher tensile strength allowing steel beams to span over long distances without as much support as concrete would. Also, steel does not need to be reinforced due to its strength. Inherently lowering overall cost further.
Steel is also quality inspected before leaving the factory this ensures that the steel is ready to use as soon as it is on site leading to quicker build times compared to concrete.
Steel is also highly adaptable in architecture and can be used to create adverse shapes. Creating more aesthetic buildings all over the world. 
Also, steel is reusable. This means that if a building were to be demolished that all steel could be used again. Usually, its melted down and recast into something new. 
Steel also offers great defence against earthquakes due to ductility. Allowing it to move and bend slightly to reduce the forces acting on the building.
The only massive downside to steel is the carbon emissions that it produces due to the energy required for heating etc. But concrete also produces high emissions. 
Finally steel frame is the better option due to its numerous pros and few cons when in comparison with concrete.
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