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Intro
Concrete and steel are two of the most widely used materials in construction today – and for good reason. Both possess various strengths and weaknesses, some complementing each-other and some making one favourable over the other. In this case study, I have chosen two habitable concrete and steel frame buildings to report on their design, construction and sustainability. I will then be analysing the framing material of each building by comparing and contrasting them in various factors. 

I have chosen to compare high-rise buildings; both recently built using modern technology to push the limits of a skyscraper.

Concrete frame: 432 Park Avenue, New York

Steel frame: 150 North Riverside, Chicago


Building 1 report 
432 Park Avenue, New York, USA
[image: Image result for 432 park avenue new york]
(D2kcmk0r62r1qk.cloudfront.net, 2020)

Original design planning
432 P.A was a challenging feat to overcome. The site is located in two zoning districts which dictated that, if the building were built to the edge of the street, it would need a “series of setbacks as it progresses upwards” (Global.ctbuh.org, 2020). When envisaging a skyscraper, you would naturally determine that the base of the building be wider as it progresses upwards to a narrower diameter. However, as this building was to be developed for residential purposes, that kind of design would have removed the potential to provide a view for the residences on the lower section. Also, the floor plates towards the top of the building would have been too thin to support the appropriate units.
To make the project financially viable, the developers had to consider a design that would incorporate high ceilings and the necessary views. Rafael Vinoly Architects were the ones able to overcome such obstacles. The architectural team were able to build design software based on a concept called “Waldrum Points”. This software “imposes parabolic lines from every conceivable viewpoint of the site”, which preserves the intent of the code and allows creative interpretation of the setback requirements (Global.ctbuh.org, 2020). From using this modern technology, the Architects devised that the building footprint was to be a perfect square. A six-window grid became the main feature, inspired by household products designed by Joseph Hoffman (Global.ctbuh.org, 2020). A simple yet effective design that plays a vital role in the building’s layout flexibility and structural performance. 


Construction
[image: Image result for 432 park avenue wind tunnels]
(Cdn.ca.emap.com, 2020)

432 P.A is a reinforced concrete construction, supported on a perimeter of exposed concrete columns and a central shear wall core which encases the staircases and elevator shafts, acting as the spine of the building. This design derives from Fazlur’s tube frame system for concrete skyscrapers. To enhance the performance of the structure, five outriggers were devised throughout the tower to provide necessary strength and lateral stiffness to the building and to serve as positive linkages between the interior core and the perimeter framing (Silvian Marcus et al., 2020);
[image: ]
(Structuremag.org, 2020)


Potential impact at the site of the build 
New York is one of the busiest cities in the world. Constructing a skyscraper in such city requires strict organisation and speed. Being that the concrete was cast in situ, 432 P.A was able to achieve such requirements. Advantages of in-situ concrete include large volumes of concrete are able to be safely pumped into the formwork and flexible site-based processes can be achieved. (Lyons, 2006) This build may not have been achievable using precast concrete, due to various factors such as transportation of heavy and large components not being possible.



Building 2 report
150 North Riverside, Chicago, USA
[image: Related image]
(Images.adsttc.com, 2020)

Original design planning
For almost 80 years, the site where 150 N.R now stands was considered too troublesome for construction due to active railroad tracks running through the property. The tracks, combined with city easement and Riverwalk requirements, absorbed more than 75% of the property, leaving a site that measured only 39 feet wide. Architects from Goettsch Partners and engineers from Magnusson Klemencic Associates (MKA) took on the challenge to squeeze what would become a nearly 1.5 million square foot building onto the compact site. The building rises on a very small base, which slopes outward at an angle for the first eight stories, then widens to nearly the full width of the site. (Chicago Architecture Center - CAC, 2020) This design would not have been possible using concrete frame.

















Construction
[image: ]
(Bdcnetwork.com, 2020)

The designers chose a core supported structure, a massive central concrete “spine” that holds the elevator core and also transfers the load of the upper floors down to the foundations. The framework includes the largest and longest hot-rolled steel beams ever used in the U.S allowed the building’s width to splay out from 39 feet to 120 feet (Chicago Architecture Center - CAC, 2020). For the building’s foundation, MKA designed 16 fully reinforced caissons which were drilled 6 feet into bedrock.

Potential impact at the site of the build 
Being by the river, the building’s location along was considered an asset, rather than a liability. Clark Construction tied 31 Poseidon barges together to form a floating platform. On it they mounted a 2 million pound crane capable of lifting 1.3 million pounds at a time. (Building Design + Construction, 2020)
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(Bdcnetwork.com, 2020)



Durability and climatic resistance
All concrete cast in the 432 P.A project was designed for enhanced durability by minimizing the ratio of water to cementitious materials to as low as 0.25. Moreover, to allow for the proper placement of concrete to each casting location and to improve the finish of the exposed structural elements, the concrete was required to be pumpable, self-consolidating, and with a low heat of hydration. These material and mechanical properties resulted in shorter casting procedures and low internal temperatures, leading to minimal shrinkage (Silvian Marcus et al., 2020). This said, concrete may be subjected to external agencies which cause deterioration from things such as alkali-silica reaction, to internal degradation (Lyons, 2006).

Similarly, 150 N.R uses advanced material within its structure in order to successfully achieve its design. The structure’s upper 70-ksi steel perimeter columns transfer their weight via a four-story steel truss system of 65-ksi sloping columns that in turn transfer the building’s heft into two 65-ksi mega columns on each end of the 47-ft-wide foundation that then transfer the weight into the concrete mat and then into the foundations (Enr.com, 2020). The image below demonstrates this;
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(I.pinimg.com, 2020)



432 P.A is an engineering marvel when it comes to climatic resistance. Being such a tall yet thin structure, makes it more vulnerable to movements driven by wind. Also, when buildings have sharp, 90-degree corners, a phenomenon of “vortex shedding” can develop, where rotating air masses develop on the leeward side of the building, providing additional suction force that can cause accelerations and collapse of the building. The architects determined that stacking six independent buildings on top of each other, with two-story air gaps between, would allow wind to pass through and reduce loads on the building. The core remains solid from top to bottom, but its walls are curved in plan, within the open-air grid made by the continuation of the facade. (Global.ctbuh.org, 2020) An example of this is shown in the image below:

[image: Core]
(Ingenia.org.uk, 2020)

They also minimised displacement, accelerations, and vibrations in various ways such as increasing the slab thickness to eighteen inches on the upper stories of the building added the required mass-to-limit displacements. More significant was the installation of two 660-ton opposed pendulum tuned mass dampers in the top part of the building was deemed “the best engineering solution to maintain lateral accelerations within the acceptable limits adopted as industry standard” (Silvian Marcus et al., 2020). 
[image: ]
(Structuremag.org, 2020)

In contrast, 150 N.R takes a different approach to dealing with wind forces. There are several giant tanks called ‘tuned liquid mass dampers’ hidden in the top floors of the building. To help counteract the oscillation as wind pushes in one direction, the mass dampers naturally moves in the opposite direction. The tanks help dampen and reduce the building’s sway (Chicago Architecture Center - CAC, 2020). 


Impact of frame material’s original production process on the environment 
Both concrete and steel framed structures have an impact on the environment, especially when it comes to their manufacturing process. Transportation is also a large factor in the materials impact on the environment. 

The following table explains each production process:

	Steel production process
	Concrete production process

	Modern methods for manufacturing steel are still based on the same premise as the original Bessemer Process, which uses oxygen to lower the carbon content in iron.
The two processes that account for nearly all steel production are basic oxygen steel making (BOS) and electric arc furnaces (EAF). These processes both make use of recycled materials as well as traditional raw materials, such as coal, limestone and iron ore.
The first step in making steel is ironmaking, which involves the raw inputs of coke, iron ore, and lime being melted in a blast furnace. The resulting molten iron still contains 4-4.5% carbon and other impurities that make it brittle. 
The BOS method adds recycled scrap steel to the molten iron in a converter. At high temperatures, oxygen is blown through the metal, which reduces the carbon content to between 0-1.5%.
The EAF method, however, feeds recycled steel scrap through high-power electric arcs (with temperatures of up to 1,650 degrees Celsius) to melt the metal and convert it into high-quality steel.
Secondary steelmaking involves treating the molten steel produced from both BOS and EAF routes to adjust the steel composition. This is done by adding or removing certain elements and/or manipulating the temperature and production environment. 
Continuous casting sees the molten steel cast into a cooled mould, causing a thin steel shell to solidify. The shell strand is withdrawn using guided rolls, then it's fully cooled and solidified. Next, the strand is cut depending on application—slabs for flat products (plate and strip), blooms for sections (beams), billets for long products (wires), or thin strips.
In primary forming, the steel that is cast is then formed into various shapes, often by hot rolling, a process that eliminates cast defects and achieves the required shape and surface quality. Hot rolled products are divided into flat products, long products, seamless tubes, and specialty products.
(The Balance, 2020)

	The first step in making concrete is to prepare the cement. One type of cement, Portland cement, is considered superior to natural cement because it is stronger, more durable, and of a more consistent quality. 

To make it, the raw materials are crushed and ground into a fine powder and mixed together. Next, the material undergoes two heating steps—calcining and burning. In calcining, the materials are heated to a high temperature but do not fuse together. In burning, however, the materials partially fuse together, forming a substance known as "clinker." The clinker is then ground in a ball mill—a rotating steel drum filled with steel balls that pulverize the material.
After the Portland cement is prepared, it is mixed with aggregates such as sand or gravel, admixtures, fibers, and water. Next, it is transfered to the work site and placed. During placing, segregation of the various ingredients must be avoided so that full compaction—elimination of air bubbles—can be achieved.

(Madehow.com, 2020)













Below is an example of a steel blast furnace 

[image: ]
(Greenspec.co.uk, 2020)


Steel production contains various factors impacting the environment. These include emissions (CO, SOx, NOx, PM2), wastewater contaminants, hazardous and solid wastes. Coking and ironmaking are the major environmental impacts from steel mills. Virtually all of the greenhouse gas emissions associated with steel production are derived from the carbon dioxide emissions related to energy consumption. Metal dust and gaseous emissions are the most prominent sources of waste from electric arc furnaces. (Anon, 2020)

The impact of concrete’s production process on the environment is demonstrated in the following diagram:
[image: ]

(Greenspec.co.uk, 2020)




Solutions
Author Michael Stacey evaluates the importance of sustainable and ecological responsibility in the built environment in concrete construction – “It is a technology that dates back over two thousand years, and examples of concrete constructed by the romans remain highly visited buildings in public use… Although we should consider how to demolish new buildings at the end of their life as part of the initial design process, it is important that the construction industry is not drawn into a discussion about recycling as if buildings are just packaging… One of the keys to a sustainable built environment is the quality of the design embedded in the architecture or infrastructure. Frequently, well-designed buildings are reused rather than demolished after their first use is no longer required, thus saving the original embodied energy and the cultural value of the building” (Stacey, 2010).

It’s evident that 432 P.A is a pioneer to Michael’s words with one of the strongest concretes in the world, ensuring a long-life cycle of the building. 

150 N.R’s many environmentally-friendly features have allowed it to be pre-certified LEED-Gold, a designation given to resource efficient buildings (Chicago Architecture Center - CAC, 2020). Also, using 70-ksi steel sections would have led to considerable savings in steel fabrication hours and cost.

432 P.A is also LEED certified thanks to the design incorporating energy efficiency and renewable technology approaches (Silvian Marcus et al., 2020). 

Both are an example to all future buildings to strive to be more energy efficient and environmentally friendly.


Frames ease of assembly + potential ease of adaptation to different building shape and use  
The concrete used at 432 P.A was required to be pumpable with a low heat of hydration to allow proper placement to each casting location. These properties resulted in shorter casting procedures, two-hour workability periods and access to newly cast surfaces within 5 hours of fresh concrete placement (Silvian Marcus et al., 2020). This will have increased the frames ease of assembly by increasing the concretes general workability and reducing drying time. Such methods are truly 
defining resolutions in the construction industry. 
As far as adaptation, 432 P.A is a shining example thanks to its simple yet effective design. The external gridded window frame forms the exoskeleton of the building, bearing the vertical loads, such that no interior columns are required between the internal core’s walls and the facade of the building. This means that a full 9 meters of perimeter all around the core is available to be configured in any way the client would like (Global.ctbuh.org, 2020).
A way 150 N.R demonstrates the frames ease of assembly and adaption derives from innovations the Building Team introduced, such as using bolted connections rather than welded ones in the steel members. This apparently trimmed 60,000 hours in labour and $3 million in costs, according to Clark Construction. (Building Design + Construction, 2020)

Conclusion
Both modern skyscrapers are excellent examples of the ever-adapting materials of concrete and cement. Both have been around for many centuries and will likely be around for centuries to come. As these buildings have shown, these materials are playing an important role in our evolving world. 
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