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[bookmark: _Hlk99367996]Abstract
Skyscrapers vs Sustainability – can Tall Buildings be Sustainable?
by Blaine Smith 
Swansea School of Architecture – University of Wales Trinity Saint David.

Tall buildings are becoming more popular on the eye in everyday life, every city seems to have a cluster of buildings that grace the skyline and are considerably higher than the average. 

This work advances the existing knowledge gap about the relationship between sustainability and tall buildings and will discuss the techniques used and how architects can incorporate and develop the sustainable approach in the design of a tall building. The dissertation will also touch on the initial thought process behind the design of a tall building. The work will discuss five case studies, selected from different geographical regions and built over a 30 year period, and follow the journey of skyscraper development. 

Through the examination of unpublished material, press releases and interviews with relevant key individuals, this work builds on the existing knowledge, but considers new avenues for discussion. The conclusion will draw together the discussions and will offer a blueprint for the future of design of tall buildings. The conclusion will also provide a way forward from this thesis and offer guidance to any designer considering the development of a tall building. 
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Introduction
Previous research into tall buildings revealed a lack of data about the consideration of sustainability within the design phase. The author felt that with the topical 21st century concerns of climate change in all types of construction, it seems appropriate to now question just how sustainable these structures are. This dissertation will address whether tall buildings contribute anything worthwhile to society or are they just these huge structures that stem from the ground and house some of the world’s biggest companies. Furthermore, should we acknowledge that a tall building is a political statement?

The Council on Tall Buildings and Urban Habitat (CTBUH) has developed an accepted criterion for international standards for measuring and defining a tall building. There is no absolute definition of what a “tall building” is (CTBUH, 2022). However, there are categories to help define if a building is tall or not. The CTBUH have created sub-groups: 
· Tall Building is a structure of 300 metres or below (984 feet).
· “Supertall” is a tall building 300 metres (984 feet) or taller, 
· “Megatall” is a tall building 600 metres (1,968 feet) or taller 
Today, there are “173 supertalls and only 3 Megatalls completed globally” (CTBUH, 2022) . According to the CTBUH, using the numbers of floors to define a tall building does not define the height of a building as floor-to-floor spaces can differ between buildings.

Height relative to context 

The context and surroundings are as important as the height. A building of 15 stories, or more, in Chicago or Hong Kong is commonplace whilst the same building sited in a European city or suburb may overshadow the landscape.

Proportion
Sometimes the slenderness of a building can be misleading: a slimmer building may look taller with the naked eye, which can be misleading. However, some tall buildings with a larger footprint may have a ground floor footprint that precludes them from the formal CTBUH definition of a “tall building”.

Embracing technologies relevant to tall buildings 

Technological features of a building can also become part of the building’s recognition. Such techniques could be, vertical transport facilities, or even structural wind bracing. If a building has the relevant technologies, it can be considered as a tall building. 

Successful tall buildings require consideration, good design and obeyance of the regulations. The height comes with several difficulties. When the building is a certain height high winds can move the building therefore the buildings have to be designed to be able to handle these situations. The fire escape is also vital in tall buildings, for example in 2017 a fire broke out on the 16th floor of a residential tower in West London[footnoteRef:1]. The fire took the lives of 71 people[footnoteRef:2]. It also came out that Grenfell didn’t comply with the building regulations as at the time. “The block was 24 storeys tall and contained 120 flats. The block had only one staircase and no sprinklers”[footnoteRef:3]. With the building on having, one means of escape the exit was congested quickly with the firemen trying to climb the same staircase as fleeing residents. The fire department arrived at the source of the blaze however it was too late, the fire had spread into the towers cladding and was deemed uncontrollable. In 2016 the building underwent refurbishments which later revealed that the “one hour compartmentalisation was breached, and the cladding was highly flammable (ACM)”[footnoteRef:4]. With the chimney gap between the cladding and insulation, it allowed the fire to spread through these spaces in seconds. Since this fire, cladding regulations are under constant assessment[footnoteRef:5].  [1:  Moore-Bick, 2019]  [2:  Moore-Bick, 2019]  [3:  UK, 2022]  [4:  UK, 2022]  [5:  Moore-Bick, 2019] 


The definition of sustainability
The definition of sustainability has over 300 different definitions. In a recent interview between the author and Ken Shuttleworth of MAKE Architects, the latter stated “I suppose it's a combination of saving the planet, it's a combination of, reducing carbon in buildings, reducing energy in use, in our terms trying to reduce the natural resources. To attempt to get the building use to an absolute minimum and to touch the planet as lightly as possible. Also including the social sustainability, making sure places work for people and perform sustainably over time, in terms of the space that you create, making sure that the environment that you create supports people to use” (2022). 

The author agrees with Shuttleworth’s opinion that the definition of sustainability should also address the long-term life span of the building. Many definitions comment about the harm to the planet of inefficient designs and buildings that do not cause damage to the environment after construction.

The definition of sustainability consists of a range of elements. The UK Building Research Establishment’s Environmental Assessment Method (BREEAM) and US Leadership in Energy and Environmental Design (LEED) are both sustainable certifications that are awarded for the sustainability level of buildings. The institutions that award these certifications have developed the way architects design as these are now embedded into most projects. 

Aims and Objectives

The aim of this research is to identify what approach is currently taken when working on the design of a tall building and how architects can improve the design going forward.  
The dissertation will address the following objectives
· Consider the approach architects take to design a tall building 
· Establish the architectural process of designing a tall building
· Determine what solutions architects can include in the future to make the design of tall buildings more sustainable
· Discuss what techniques architects currently use within the design of a tall building

Methodology 
In researching material, I engaged in the following approaches 
1. Library research 
2. Government sources 
3. Interviewing key individuals 
4. Fieldwork survey 
5. Site visits 
1. Library research
A desktop study into the relevance and procedures of sustainability within the design of tall buildings was undertaken at the beginning of the module. Throughout the research, the researcher used literature from construction professionals to gather knowledge on the sustainability criteria which was explored further within each case study. 


2. Government sources 
The United Kingdom Building Regulations and Construction Design Management were used as the main reference government documentation. These regulations have an impact on every design. Part B - Fire Safety is referenced as relevant within the dissertation.

Several government-published documents were used to ascertain the criteria that a building must follow to become a certified structure under the Building Regulations.

3. Interviewing key individuals 
The author identified several key individuals within the field of Architecture. This included Ken Shuttleworth from MAKE Architects (formally part of Foster and Partner practice, Ken was the lead designer for 30 St Mary Axe), John Prevc from HOK, Ken Yeang from Hamzah and Yeang, Kent Jackson from SOM, John Bushell from KPF and Lee Polisano from PLP Architecture. 

4. Fieldwork survey 
A series of field research was constructed and distributed via email and social media. The questionnaire involved two separate sets of questions, one for the public and the second for Chartered Architects. The aim behind the fieldwork was to assess the approach of architects in the sustainability phase of design. Additionally, the author wanted to understand what techniques are used and how these can be improved. The public questionnaire was sent out to gather information about the public’s perception of tall buildings. 

5. Site visits 
During the writeup phase of the dissertation the author attempted to visit the UK case studies, but due to COVID-19 restrictions, could only access 30 St Mary Axe and The Shard. 

Introduction of case studies
Five case studies were chosen ranging from 1990-2010 and are based in London, United Kingdom. Kowloon, Hong Kong and Frankfurt, Germany. A recent interview with John Prevc of HOK, Prevc commented (2022) that using recent developments from the Middle East such as the tall buildings of Dubai are not so sustainable, so these buildings were excluded from this study. Prevc then went on to make a very valid point, how do we deny society from buildings itself? For example, the construction phase of the Burj Khalifa in Dubai consisted of over 39,000 tons of steel rebar during construction.

Therefore, the case studies selected are: 
1. Messeturm, Frankfurt
Built in the 1990s and designed by Helmut Jahn and Richard Murphy this building was deemed as one of the first of the kind in Frankfurt. The Messeturm comes from an art deco inspiration and features a red granite façade.

2. 30 St Mary Axe, London 
Built in 2004 by Foster + Partners, more famously known for its Gherkin shape and has become a landmark structure in London. 

3. International Commerce Centre (ICC), Kowloon 
Constructed in 2010, the ICC stands tall on top of one of Hong Kong’s busy transport nodes standing supertall in Hong Kong`s skyline. 

4. The Shard, London
Designed by Renzo Piano, built in 2012, within London South Bank, situated on a busy city transport node, it encountered some major design problems during the construction phase.

5. Manhattan Loft Gardens, London 
Designed by SOM, the building is in a developing part of London, namely Stratford, with a mission to help develop a community in London to become more vibrant. 

















Chapter 1: The initial thought process behind the design of a tall building 
The initial thoughts of designing a tall building stem from many distinct aspects, from the use of the building to the surrounding context and public perception. Architects could contribute to the reduction of the global issue of climate change, like implementing the use of sustainable design techniques within the initial design process. In a tall building scheme, it may be the architect is required to consider the “bigger picture”, the Future Space Foundation was established to offer help to architects and designers. A Founder of the Foundation John Prevc was questioned by the author on the topic and, replied “a lot of what I wanted it to be about work and social sustainability, about what it means for individuals on the street, how their lives can be impacted? What is it that we can do to help them?”[footnoteRef:6]. The vision behind that can mean several things however, the intention behind the scheme is to create the historic high street “community” feel.   [6:  Prevc, 2022] 


Use of the building

Tall buildings host a range of uses, such as the Manhattan Loft Gardens in Stratford, London by Skidmore, Owings, and Merrill (SOM), where the building includes a hotel as well as luxury living spaces. It was suggested that Manhattan Loft Gardens is an “unconventional tower” creating a new kind of vertical community[footnoteRef:7]. Part of the CTBUH’s criteria for recognising a tall building, is the relationship of the structure to the surrounding context. For example, Cardiff is a city where there is a lack of tall buildings so a new development of a tall building of, say, 10 storeys would stand proud in the landscape and make a statement. In comparison, architects in Hong Kong have developed the “vertical living” aspect in a shorter timeframe; thus, the city hosts several tall buildings, well over 10 storeys high. [7:  SOM, 2021] 


Hong Kong is indeed a vertical city[footnoteRef:8]. Apartments and offices stretch skywards, and the city of 7 million is three-times greater than that of New York which has nearly 7,000 residents per square kilometre. In its most dense district, Kwun Tong in Hong Kong, 57,000 people crowd every square kilometre of land[footnoteRef:9]. In comparison, the high-rise residential properties in central Cardiff are predominantly filled with students contributing 20% of Cardiff’s population[footnoteRef:10] as shown by the proposed 42 storey Custom House Street Tower development by Rio Architects. Although Cardiff Council gave planning approval in 2016 for a new development, likely to be the tallest building in Wales[footnoteRef:11], the project is still in the pre-construction phase. The building will “be the start of a new generation of high-quality tall buildings in the Welsh capital [footnoteRef:12]” Altogether and once completed, the building will be 131.97m tall[footnoteRef:13]. In comparison, Hong Kong, according to the CTBUH has 315 buildings which are taller than 150 metres in height[footnoteRef:14]. [8:   DeWolf ,2016]  [9:  Schellhase, 2014]  [10:  Morgan, 2012]  [11:  Rio Architects, 2022]  [12:  Rio Architects, 2022]  [13:  CMS Admin, 2010]  [14:  Dewolf, 2016] 


CTBUH[footnoteRef:15] also comment that during the building’s design phase the proposal must fulfil the following.  [15:  CTBUH, 2022] 

1) Have a specific site with ownership interests within the building development team
2) Have a full professional design team progressing the design beyond the conceptual stage
3) Have obtained, or is in the process of obtaining, formal planning consent/legal permission for construction
4) Have full intention to progress to construction and completion.

As the CTBUH require a degree of structure during the design phase, the design phase must be more than simple concept sketching. There should be primary requirements, such as conducting a site visit and understanding of the context of the surroundings. As explained in point (2) it is important to have a team of designers who exceed the client’s concepts to develop the building to a dimension that exceeds the client's needs, whether this is the external features of the building to increase solar gain or the internal services to save the client money or increasing the sustainable report of the building. Retaining the architect throughout the process into the construction phase is key as the architect will be able to resolve problems that may occur later in the journey. However, without point (3) there would be no design phase, so it is similarly important to have the required planning documents and permissions before the scheme is developed into the construction phase.

A tall building essentially provides a use for a space within a high-density area. In the design phase, there will be criteria, such as: strength, serviceability, stability, and human comfort[footnoteRef:16]. It is important to remember that components of the design stage play a large part of the client’s needs. Furthermore, the building needs to be able to withstand the weight required as well as the demands of the external envelope issues which may range from weather to servicing the building. Architects designing tall structures will, of course, refer to, the Construction Design Management regulations with the need to eliminate, reduce or control foreseeable risks that may arise during construction work, or maintenance of the building once complete[footnoteRef:17]. For example, the maintenance of 30 St Mary Axe which externally is made up of steel and glass panels in a circular shaped structure, abolishes the use of scaffolding while maintaining the external properties of the building.  [16:  Jayachandran, 2009]  [17:  Health and Safety Executive, 2015] 


[bookmark: _Int_qCWHkMEk]Initial thoughts would question how the building contributes to the surroundings at eye level, as this is the majority of visitors perspective view. It seems appropriate therefore, that the building should create a diverse and social engaging form which to create an intense sense of placement within the site.

The UK Building Regulations play an important part in the initial design phase. Part B covers Fire Safety matters within and around buildings, and after the Grenfell Tower fire in 2017[footnoteRef:18], Part B is regularly reviewed to maintain higher standards of fire safety for tall buildings. [18:  Moore- Bick, 2019] 


Another consideration is the actual height of the building, and the option for accessible space under, the roof pinnacle points as at 30 St Mary Axe in London, which has a restaurant with 360° views, or as in the case of the Messeturm in Frankfurt where the tip of the structure is inaccessible to the public and requires authorised access. The height of the building will play a large factor into the thought process for other areas of the building, such as how much space is required by the client on each floor, can the floor plan be adapted to improve ventilation, can an aesthetic approach be included in the internal spaces of the building?

[bookmark: _jwcwucz9b34g]Most clients have a vision for their tall building, including several objectives they wish to realise from the development. Establishing a good client-architect relationship is key to any successful building.  The client explaining their vision may be a challenge for the design team architects. A statement of need will be prepared developing the client's needs giving an opportunity for architects to express their ideas. Once the design receives planning permission from the local authority, the Royal Institute of British Architects (RIBA) Plan of Works will be implemented with Stages 1-7 being completed between the architects and clients. Ken Shuttleworth stated in an online interview with the author (2022) that as Project Leader for 30 St Mary Axe, the design phase took between 5-6 years as there was consistent communication exchanges between client and architect with Shuttleworth continually presenting evolving ideas and exploring different options. Another factor depends on who the client is: John Prevc stated in an interview with the author: “if you're working with politicians, or with people of high worth, you know, got a lot of cash to spend on stuff, you can potentially influence things more with those types of people” (2022). This could impact the sustainability approach as some techniques have a larger initial cost which some clientele may not have in their upfront budget. Any issues regarding cost will also affect the architect’s approach.

[bookmark: _Int_28a49YCE]During the field research several Chartered Architects from numerous UK cities completed a survey by the author regarding tall buildings, the questions of which appear in Appendix E of this dissertation. Some respondents were concerned about the quantity of glass and solar gains in a tall structure and therefore concentrated this answer on how to overcome the thermal criteria. Others stated how the orientation and how the buildings are angled to deal with the weather's implementations. The RIBA 2030 Climate Challenge[footnoteRef:19] was also discussed, alongside challenge targets and recommendations from the Green Construction board which has been developed with UK professional bodies targeting: [19:  RIBA, 2022] 

Operational energy- Reduce operational demand by 60%.
Embodied carbon – Reduce embodied carbon by at least 40%. 
Potable water use- Reduce by 40% from Construction Industry Research and Information Association (CIRIA) benchmark
and health and wellbeing – Achieve all core health and wellbeing.





[bookmark: _Hlk62472134]Chapter 2: Case Studies
Researching further into the state pf sustainability within the design of tall buildings, the following were chosen for a brief assessment on how they perform in a sustainable manor. The chosen buildings range from 1990-2019, which show the development of tall buildings has emerged over the 30-year period. Therefore, the case studies were selected as milestones in this period.

Messeturm

Situated in the heart of Frankfurt in Germany, the Messeturm was constructed within the 1990s featuring the Art Deco style which was more commonplace in the 1930s[footnoteRef:20]. Designed by Helmut Jahn and Richard Murphy, Messeturm is 256.5 metres tall[footnoteRef:21], and is Frankfurt's second tallest building[footnoteRef:22]. Whilst Messeturm is a significant landmark, unfortunately, it is inaccessible to the public being a commercial skyscraper [20:  Condair Group, 2022]  [21:  Skyline Atlas, 2020]  [22:  Skyline Atlas, 2020] 


The inspiration for this tower came from the Campanile. Designed to be built in the 1980s but was never completed. The Messeturm was predominantly built using reinforced concrete with external finish featuring a polished red granite. Steel is imbedded within the floors, using Cofrastra composite flooring construction system as shown in Figure [1]. Such steel flooring can be constructed to specific lengths allowing for a quick and easy implementation to assemble on site. The floor is also strong enough to be walked on as soon as the floor plates are fixed together. Once the steel was applied on the floor level a mixed concrete is applied to grout the joints[footnoteRef:23]. In 2019 the lobby underwent a refurbishment where the structure of the building at the bottom consists of 17-metre-tall glass panels creating a façade on each side of the rectangular shaped floor. These glass panels project out from the existing structure of the building allowing the lobby space to expand which allows light to enter the building’s lobby. A series of 5ft stainless steel columns support the glass structure[footnoteRef:24]. [23:  Janberg, 2022]  [24:  Seele, 2022] 


The building structure is concrete and steel. The system cylindrical tower of Messeturm merges into a three-storey pyramid. The top part containing building services such as heating and ventilation systems.

By using a series of Condair Energy Saving Company (ESCOs) humidifiers. the “compressed steam distribution systems ensure precise and hygienic air humidification”[footnoteRef:25].Within the core of the building. The building features 24 different lifts allowing access for users of the building to each floor, however the floor space left over for occupation ranges between 8.3m to 8.6m and the boundary wall[footnoteRef:26].  [25:  Condair Group, 2022]  [26:  Skyline Atlas, 2020] 


Consisting of 52 floors of office space with a degree of openness and transparency the lighting quality defines the working atmosphere. Glass partition walls allow space to be minimised or maximised into segregated spaces[footnoteRef:27]. As shown in Figure [1] the core of the building is taken up for accessibility between the different levels. This is where the buildings mean of escape and lifts all feature. The use of the remaining floor space then spans around from the building. The example of 52nd floorplan shown in Figure [1] highlights the basic floorplan and circulation spaces: visitors to the building move from the central core to be greeted at a reception area, surrounding this there is a consistent office space hugging the external walls allowing these spaces to soak up most of the natural light suppressing through the building. The core of the building also has two fire exits meaning in case of emergency all occupants leaving through the core can use the core of the building as protection against fire[footnoteRef:28]. [27:  Officefirst, 2022]  [28:  Officefirst, 2022] 


	[image: Image]

	Figure [1]: Plan showing the 52nd floorplan of Messeturm 
Photo credit: OFFICEFIRST 



[bookmark: _Hlk100574015]At the time of construction, the Messeturm was one of the first tall buildings featuring an Art Deco design within Frankfurt.” 240 workers broke a record pouring 22,200 cubic yards of concrete from 90 ready-mix trucks using 4 pumps in a three-day operation for the foundation mat[footnoteRef:29] . Figure [1] also displays the shape of the internal spaces in comparison to the perspective view from the external. The hexagonal core is then surrounded by a cylinder like shape with rectangular segments flourishing from the cylindrical shape. The base of the building is also square, and the peak of the building becomes a pyramid. During the construction phase of the Messeturm there was an issue within the initial stages where the Frankfurt building regulations required that staircases must be positioned externally, However the client and architects came to an agreement of having the staircases within the core with adequate ventilation in case of fire[footnoteRef:30], and therefore could position the staircases in the internal core amongst the lifts and services [29:  STR Germany, 2022]  [30:  GmBh, 2014] 



	[image: ]

	Figure [2]: An example of a Cofrastra floor detail
Photo credit: ArcelorMittal Construction Deutschland GmbH



[bookmark: _Int_UT3Lgq6t][bookmark: _Int_9d7tjMtj]Within the previously mentioned silver level of LEED, the Messeturm achieved 21/26, meaning that the project natural environment was valued and respected highly throughout the construction process[footnoteRef:31]. However, in the materials and resources the building only scored 2/10 with only the solid waste management getting recognition from LEED, with reference to sustainable purchasing of furniture, consumables, and equipment the Messeturm failed to score. This section of research explores the environmental air quality impacts of the materials acquired for use in the operations and maintenance[footnoteRef:32] Even though the Messeturm failed to score on the materials used, the indoor environmental quality gained over 8/15. This means the ventilation and heating system in the building is a fairly good quality and the intent of this regulation is an indicator of the standard of internal conditions within the building.  [31:  Makous, 2017]  [32:  Makous, 2017] 








30 St Mary Axe

Located in the heart of the City of London, the building name being the first line of the address. However, popular 21st century culture gave the building the nickname of ‘The Gherkin’ due to the unusual shape. The design for the building started in the 1990s with Foster and Partners winning the competition for a new commercial development on the former site of the Baltic Exchange. Once the building was completed in 2004 it became a statement to the centre of London with this new contemporary style of architecture[footnoteRef:33].The client of the project was Swiss Re, a global company offering reinsurance, for their London headquarters. At the top of the building there is also a restaurant called Searcy’s Helix at The Gherkin that offers fine dining experience. [33:  Masterclass, 2022] 

	[image: 60-70 St Mary Axe Skyscraper]

	Figure [3]: 30 St Mary Axe in context with the surroundings in London’s financial district. 
Photo credit: Foggo Associate Architects


Initially the site was going to consist of the Millennium Tower which was designed to be around 72 stories. At the current time it was not possible in the centre of London, so the design began for 30 St Mary Axe[footnoteRef:34]. When the competition was held to design what we now know as 30 St Mary Axe, London had few ‘skyscrapers’ other than Tower 42 by R Seifert and Partners. In a recent interview with Ken Shuttleworth, he remarked that “the plan was for 30 St Mary Axe to always be the tallest building and the others would sit at “shoulder height” in a cluster around it” (2022). This aspiration brought with it considerable challenges, not least restricting the floorplate and a reduction in the maximum height allowed. The design team then began to develop an “iconic building which would still require a degree of logic”[footnoteRef:35]  [34:  Shuttleworth, 2022]  [35:  Shuttleworth, 2022] 


Early concept sketches did not consider sustainability as a priority. Moreover, weight was given to maintaining the viewpoints from the building and reflecting the busy world outside. Sara Fox the Building Director of Swiss RE was a key part of the design team during the process of developing 30 St Mary Axe. Sara stated that during the design she considered the team as the “A Team” due to the quality of architects within Foster and Partners, “Who were very responsive to client requirements”. While under construction the building became the topic of some controversy due to the sheer size of the steel frame. This stems from public perception not having sufficient understanding of how the structure doesn’t necessarily look sleek until finished. 30 St Mary Axe now boasts a sleek curved finish. Upon completion it became a sustainable building fulfilling the client’s needs. The mechanisms behind sustainability secured the building. Fox stated she believes that the building was “ahead of its time”. This is because the sustainability element was addressed during the design phase meaning at the time the building was one of the first of its kind, on UK soil. to use “only half of the energy consumed by conventionally unsustainable and air-conditioned buildings of such magnitude”[footnoteRef:36].Which stems from the glazing wrapping around the building thus being eco-friendly and achieving sustainable targets with the solar gain. The skin features a double-glazed glass with the air gap between panels contributing to the ventilation strategy of the building. The air gap boosts the natural ventilation allowing the user to utilise the space on each floor as the ventilation flows through each level in the building. Each level is slightly offset from another to allow ventilation to flow through the building as displayed in Figure [4]. It also expresses the rectangular fans that stem from the central core of the structure. Ken Shuttleworth, former lead project designer at Foster and Partners, confirmed in a recent interview (2022) it was designed after conversations with the client over how to fit rectangular furniture within a circular building. This conversation resulted the shape of the floor spans which allowed for flexibility and efficiency within the floorplate allocation. 30 St Mary Axe also boasts natural ventilation, by having a firebreak on every 6 floors. Floor spans consist of atria spaces allowing the ventilation to travel through the floor spans. Shuttleworth (2022) referred to these as the “buildings lungs”. Displayed in Figure [4] below you can identify the buildings lungs as the atria space flows through the building slightly offset.  [36:  Massey, 2013] 



	[image: ]

	Figure [4]: Internal model of 30 St Mary Axe 
Photo credit: Archute.com 


By segregating the rectangular floor panels in a spiralling offset manner, a diagonal lightwell was created which allows the daylight to reach all floors of the building as well as being a vital part of the ventilation strategy. This allows the building to be able to operate without air conditioning in the warmer periods. Arup, the contractors designed a new ‘Diagrid’ lattice type structure filled with double glazing creating these light wells that allows the building to absorb as much light as possible. These nodes were 360-degree nodes which connect the complex Diagrid together, consisting of three steel plates, welded together at different angles. The connections helped to make the Diagrid straightforward and cost-effective to build[footnoteRef:37]. The structure of the building was an important component of the design due to the fact the client wanted to maximise office space on each fan stemming from the core. The intersecting steel tube frame follows the shape of the frame giving the building some more vertical support which in turn creates column free office spaces. Shaping, the frame will also give the building a better wind resistance as shown in Figure [5] below. [37:  Arup, 2022] 
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	Figure [5]: The wind concept design behind 30 St Mary Axe to combat the wind coming from the surrounding context. 
Photo credit: Foster and Partners



Construction of the building had two different diagrid nodes. A pin node which is a non-rigid pin connection used in a symmetrical structure that would have balance. There was also a rigid node used within the construction to assists the support of the structure during the construction. Figures [6] and [7] highlight that under the vertical load there is a lot of tension and strength which requires intersecting loading points whereas under the horizontal load it distributes the weight out along the beams, showing that the building requires a lot of tensile strength from the structure. 30 St Mary Axe has now won over 10 awards including the RIBA Stirling Prize 2004, given to "the architects of the building that has made the greatest contribution to the evolution of architecture in the past year”[footnoteRef:38]  [38:  RIBA, 2022] 
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	Figure [6]: Diagram of Under Vertical Diagrid Load
Photo credit: Soo, Sik, & Hee, 2008
	Figure [7]: Diagram of Under Horizontal Diagram Load 
Photo credit: Soo, Sik, & Hee, 2008


















International Commerce Centre

The International Commerce Centre (ICC) is sited in the Kowloon district of Hong Kong. Designed by Kohn Pederson Fox (KPF), siting across the harbour from the main part of the city[footnoteRef:39]. In 2000 KPF was the chosen practice from an open competition, to design a commercial megastructure. The ICC consists of over 2.8 million square feet and stands 484m high in the Hong Kong skyline[footnoteRef:40], containing both exclusive office space and a world-class hotel at the top[footnoteRef:41]. The construction phase started in 2002 and completed by 2011. The ICC is still one of Hong Kong’s tallest buildings and today is owned by Sun Hung Kai Properties (SHKP)[footnoteRef:42].  [39:  Stephans, 2012]  [40:  Stephans, 2012]  [41:  Arup, 2022]  [42:  Stephans, 2012] 
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	Figure [8]: The International Commerce Centre standing proud opposite the Two International Finance Centre Towers across the harbour in Hong Kong 
Photo credit: Kohn Pedersen Fox Associates 


 
The tower features tapered corners and has a curved base, which sweeps out into the surrounding landscape creating canopies on three of the sides with an atrium on the north side of the building. The atrium space offers connection between the building’s users and the adjacent rail station. KPF has a commitment that their “super tall”[footnoteRef:43] projects consider all elements of the “complex programme”[footnoteRef:44] required to complete the structure. When designing a building at over 300m tall the smallest change in design can alter the construction costs which could fluctuate significantly. Seamless circulation between the Kowloon station and the ICC is key with design considerations maintaining underground access to ground floor level up to the highest level of the building. The commuter should feel no resistance in its movement around the site[footnoteRef:45]. Figure [9] shows the range of different diagrammatical routes around the building and the thought process behind the circulation.  [43:  KPF, 2022b]  [44:  KPF, 2022b]  [45:  KPF, 2022a] 
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	Figure [9]: A diagram to express the vertical circulation between underground levels through to the higher levels 
Photo credit: Kohn Pedersen Fox Associates 



Due to its location in Hong Kong Bay, the building encounters strong winds occasionally, therefore in the design KPF created a profile which will maximise the leasable floor space without creating wind resistance. This has come by having notched corners so the building will have the wind efficiency of circular floors without having to use a circular floor layout. ICC is located above a “major fault zone”[footnoteRef:46], which means below the surface there is a fault with the ground type, for example a fracture between two blocks of rock. So, the foundations required detailed studies due to the difficult geological conditions. Due to these conditions an end-bearing pile system would be unviable and therefore shaft grouted barrettes were created for the foundations. ICC were the first private development to adapt this foundation system which enhances the friction capacity of the piles used[footnoteRef:47]. The building’s structural type consists of a core and outrigger with the core consisting of Grade 90 concretes, remaining floors using grade 45 and 60. The outer riggers shown in Figure [10] are then provided at the 6th floor, 42nd floor, 78th floor and finally on the 100th floor. The general composite frame is used for the tower up to the 100th floor with the central core. From there the external steel frame is connected to 8 mega columns that span 16m each[footnoteRef:48]. The luxury 6* hotel is above the 100th floor and is constructed by an in-situ method using reinforced concrete and traditional panel form with the load transferred from the core.  [46:  Arup, 2022]  [47:  Arup, 2022]  [48:  Wong, 2008] 
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	Figure [10]: A section through the building displaying how the outrigger structure connects to the mega columns and the internal core.
Photo credit: Raymond Wong


To create an eco-friendly environment and a sustainable building the design team at KPF worked with Hong Kong Polytechnic University developing an “energy optimizing” air conditioning system. Consisting of central intelligent control and energy consumption monitors, enabling occupiers to collect and analyse the buildings consumption, so they can make energy saving adjustments[footnoteRef:49]. The building’s water is stored and harvested from the air conditioning system and then utilised for cooling towers and sanitation purposes[footnoteRef:50]. Overall, the ICC were outstanding in the BREEAM report being mentioned highly in the top 3% of green buildings globally. “This is a testament to SHKP’s commitment to sustainable management which is helped by the environmentally conscious tenants” stated. Lo King-Wai, General Manager of the office leasing within SHKP[footnoteRef:51].  [49:  Architizer, 2022]  [50:  CMS, Admin, 2010]  [51:  SHKP, 2020] 

 
The ICC awards include. 
· Hong Kong territory-wide Hanson Energy Saving Championship Award, co-organized by the Environment Bureau and Electrical and Mechanical Services Department for three consecutive years receiving the Grand Award in 2017 [footnoteRef:52] [52:  SHKP, 2020] 

· Award of Excellence (CTBUH 10 Years Award 2020)[footnoteRef:53]  [53:  KPF, 2022a] 

· 50 Most Influential Tall Buildings of the Past 50 Years (CTBUH 2019) 
· Mixed-Use Award (International Property Awards: Asia 2013), 
· Overall Grand Trophy (Quality Building Awards 2012) 
 
This demonstrates that the vision of KPF was successful as the building is applauded as one of the top sustainable high-rise buildings. 
 










The Shard
Situated within the heart of London’s South Bank and sited on the former Southwark Towers, directly above London Bridge station is The Shard, a multi-functional structural offering a range of services over 72 floors. Designed by architect named Renzo Piano, The Shard is a true mixed-use development on a grand scale. Within the building there is commercial space from the ground floor to the 28th floor. These offices home a variety of businesses in sectors ranging from finance to education and healthcare[footnoteRef:54]. Above the offices are several restaurants offering panoramic views of the surrounding landscape. Between floors 34-52 you will find a luxurious 4.5* Shangri-la hotel. Floor 53-65 is the home of The Shard residential where the public can purchase an apartment in one of London’s iconic buildings. Floor 68-72 is open to the public offering the experience of viewing London from a skyline perspective, with an open top viewing gallery, allowing visitors to understand the external expression of the structure and how it sits within the landscape. [54:  LBQ, 2022] 


Property developer Irvine Sellar who bought the Southwark Towers during 1998 before the property market crashed, Sellar then considered his new development to pursue the government’s vision which was that planners started to venture into the design of high-rise buildings. This inspired the vision behind creating a vertical city[footnoteRef:55]. From purchasing the building in 1998, The Shard encountered quite a few problems ranging from funding to architectural during the whole 13-year process. With a financial crash occurring investors pulled out of The Shard leaving Sellar wondering if the project would continue. However, during 2008 the State of Qatar shared Sellars vision and decided to invest becoming a partner, saving the project[footnoteRef:56]. [55:  Levine, 2019]  [56:  Koller-Alonso, 2016] 


	[image: Richard Osbourne Photography | London | V11C9 Aerial View of The Shard and  London Bridge Station, London, UK]

	Figure [11]: The Shard in context to its close surroundings
Photo credit: Richard Osbourne 



The Architect’s vision was to create a space accessible 24 hours a day, seven days a week. At the initial meeting which took place in a restaurant in Berlin where Sellar invited Renzo Piano, Piano stated ‘You know, I hate tall buildings – they are arrogant, aggressive, like fortresses[footnoteRef:57]. However, as the meeting progressed there was something about the railway lines beneath and the proximity to the River Thames that really gave Piano some energy[footnoteRef:58]. The vision Piano formed stemmed from an 18th century Venetian painter Canaletto who did a painting of London. The spires coming from churches and the masts of sailing ships. Piano designed The Shard in a shape with shards of glass stemming from the bottom of the building shrinking in size as they go up. Sellar and Piano shared a vision that would encourage people to commute to an eco-friendly building for work using efficient public transport  [57:  LBQ, 2022]  [58:  LBQ, 2022] 


During the design of the building there were some major challenges to overcome. The proximity of the active London Underground Jubilee and Northern Lines stations beneath. The Shard meant that the foundation had to be significant size for the safety of the people underneath. Therefore, the foundation consists of 120 piles that had to extend 54m down into the ground with each pile weighing over 2,800 tones[footnoteRef:59]. At the lowest basement level sits a 4m thick basement raft which provides significant structural underpinning for the floors above, as shown in Figure [12].  [59:  Levine, 2019] 


The building was constructed using a top-down construction: Top-down construction begins with sinking diaphragm walls and central supporting columns (which can be temporary or permanent) within the foundations. Then excavating deep enough to place the slab at ground level. The slab has enough strength to support the workload and machinery on top allowing the excavation underneath to take place. This is demonstrated in Figure [12]. Using this method of construction, work above can simultaneously take place[footnoteRef:60]. This is ideal in a situation to The Shard where the site is constrained and can save time on a process that has already taken a lot longer than anticipated. During a recent site visit from the author, a staff member explained that “during the high winds and the exposure of the building to the wind, the building can sway to around 350mm at the top, however that requires around 100mph winds”. Although when constructing The Shard several stories above ground level the top–down construction approach required strong foundations and plunge piles. The Shard had already climbed to 21 stories by the time 700 truckloads of concrete were poured to create the foundations.  [60:  Endicott, 2022] 
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	Figure [12]: Top–down construction taking place at The Shard: casting of the ground floor slab and excavating the ground below, while construction above ground is maintained.
Photo credit: S, Kennett. 



Above ground level, the building consists of a hybrid structure consisting of steel and concrete – see Figure [13]. The steel frame wraps around the concrete floor rising upwards until it reaches the 41st floor. From here, the use of post tension concrete is included. This, part of the building is the hotel space therefore floor heights don’t have to be as large as commercial floors, returning to steel to the spire of the building. The initial support of the structure stems from the concrete core. The lower floor spans up to 15m from the core to perimeter. Structural steel columns and beams are the optimal solution to achieve the maximum floor space[footnoteRef:61]. In Parker’s article (2012), he stated that from the 41st floor concrete columns support a post tension concrete floor, this is because these floors require fewer ceiling mounted services and acoustic separation is more important. It also meant that the ceiling height could be reduced creating more floors within the restricted height space. The tapering steel structure allows the maximum span between the columns to be reduced to around nine metres. The concrete columns and post tension concrete slabs were deemed the best approach for this type of building.  [61:  Parker, 2012] 


The initial design of The Shard was over 400m in height however due to the nearby approach route of London City Airport and airspace regulations, the building was redesigned with a theatrical upper point, with the fins at the top shooting further than the accessible floors creating the “unfinished” appearance at the top of the viewing galley.

	[image: The Shard is a hybrid structure: concrete in the basement, steel to level 40, concrete again to level 69 and finally a steel ‘spire’ at the top © WSP]

	Figure [13]: The use of materials used throughout the core and structure of The Shard.
Photo credit: WSP



A popular trend of London’s tall buildings is the use of glass. The Shard has enough glass to cover eight football pitches[footnoteRef:62]”. Furthermore, the building consists of a double-skin façade consisting of a single-glazed outer layer and a double-glazed inner wall which creates a ventilated inner cavity. The building also contains automated blinds that react to sunlight to maximise the daylight coming through the building. This will also reduce the internal heat gain[footnoteRef:63]. The Shard used this system of certification and received an excellent BREEAM rating in 2016[footnoteRef:64]. The building design is also deemed as environmentally friendly, using recycled materials including, the use of Lignite blocks, each of which contain over 50% of recycled materials. The blocks produced for this project contained 10% recycled sand, 27% lightweight recycled aggregate and 15% recycled wood. Over 140,000 blocks were used in the four basements levels providing a substantial base  [62:  Lignacite Ltd, 2022]  [63:  JLL, 2018]  [64:  JLL, 2018] 




Manhattan Loft Gardens
 
With the 2012 London Olympics park located in Stratford there was an opportunity for a new development that would support the evolution of one of London's fastest growing communities[footnoteRef:65]. With the focus being on the Sports part of the community Skidmore, Owings & Merrill (SOM) responded to the challenge of producing an exceptional residential housing scheme. Completed in 2019, The Manhattan Loft Gardens offers a modern, sociable, and flexible staple for urban living[footnoteRef:66]. The building also consists of a five-star hotel, sky gardens, two destination restaurants and event studios, to create an elegant new model for urban living,[footnoteRef:67]. The development also offers a new sense of high-rise living tackling the residential typology, achieved in a vertical plane. SOM also tried to create the community feel for residents with a range of different opportunities to create a relationship with other residents[footnoteRef:68]  [65:  Skidmore, Owings & Merrill, 2021]  [66:  Skidmore, Owings & Merrill, 2021]  [67:  Lutyens, 2019 ]  [68:  Skidmore, Owings & Merrill, 2021] 

 
At 42 storeys tall with a height of 143 metres[footnoteRef:69] the Manhattan Loft Gardens has two diagonal slices carving the tower creating an impression for passers-by with the residential aspect above the cantilevered “slice carved”[footnoteRef:70] side of the building. Within these cut out spaces lies green landscaped outdoor communal areas to encourage interaction between residents. By having these spaces cantilevered it expresses the viewpoint without requiring structural columns blocking the view.  [69:  Skidmore, Owings & Merrill, 2021]  [70:  Skidmore, Owings & Merrill, 2021] 

 
To achieve the double cantilever structure, the team designed a hybrid material for the frame of the building, a concrete and steel frame which in turn minimised the amount of construction materials required. This approach significantly reduced both construction cost and environmental impact[footnoteRef:71]. The initial design incorporated a system of trusses helping transfer the load around the parameter to the central core of the building. This light yet strong structural concept is often seen in the design of tall buildings, but it is a time-consuming process to build. Structural engineering director for the project, Dmitri Jajich said “our real triumph was not the engineering per solution per se but rather developing something that could be built without undue complexity and allowed the schedule to keep moving”[footnoteRef:72] (Jajich, 2019)  [71:  Skidmore, Owings & Merrill, 2021]  [72:  Jajich, 2019] 
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	Figure [14]: Structure underneath Manhattan Loft Gardens 
Photo credit: Skidmore, Owings & Merrill 


 
Figure 14 displays how the structure at Manhattan Loft Gardens is assembled using the concrete and steel frame to balance the strength and keep the efficiency of the building. The Steel trusses travel around the perimeter of the building to allow the structure to withstand the cantilevered sky gardens before being connected back to the core of the building using a post-tension concrete. The size of the steel used to reinforce the post-tension concrete are larger in size than what is considered as normal when designing urban infrastructure and much larger than what is normally used in residential developments. Within the design phase, one challenge was to optimise the space around the framework. SOM resolved this by using the mechanical systems as living spaces; instead of hiding the spaces between floor levels, SOM exposed the steel members and the concrete floors intentionally so that the structure can be better understood by the occupants, Design Partner Kent Jackson told “it was an important way to bring out the character of the building and allow the residents to live within the structure”[footnoteRef:73]. [73:  Jackson, 2019] 

 
Kane Group were appointed to deliver the mechanical services for the building[footnoteRef:74]. Installing underfloor heating systems in all apartments, supplied heat from the floor up allowing the stifling air to be distributed evenly throughout each space. This form of radiant heat is incredibly efficient, saving approximately 15% of heating bills[footnoteRef:75]. The introduction of underfloor heating will also create more space within the design of the layout, as there is no requirement for pipework needed by traditional heating, thereby creating a minimalistic look within the room. The corridors were then fitted with a smoke ventilation system which is essential within the design of tall buildings. Effective evacuation is needed in case of. The system also prevents overheating giving a comfortable ventilation day to day. Smoke control systems are also required to be able to follow Approved Document Part B of the Building Regulations. To comply with these regulations further Kane Group also incorporated a residential sprinkler system into the building.  [74:  Kane Group, 2022]  [75:  Warmup, 2021] 

 
Within the structure the plans express the different range of accommodation that Manhattan Lofts offer ranging from single height flats to double height apartments to triple height penthouses[footnoteRef:76] which were interlaced into the design. The interlocking apartments and cantilevers are all engineered to optimise the solar gain throughout the building. The vision behind the appearance of Manhattan Loft Gardens was to carve out three open air spaces within the building like the new concept sky gardens. These sky gardens, which are popular in the centre of London are achieved with the concept of the hybrid frame with the external facade consisting of transparent and solid panels in an alternate composition of glass and terracotta. Using a triangle geometry, the windows are then aligned to become directionally apparent from the corner[footnoteRef:77]. The combination of transparent and solid panels also helps with the solar control as solid panels reduce the direct sunlight entering the building on certain elements of the facade.  [76:  Frearson, 2012]  [77:  Frearson, 2012] 








Chapter 3: Sustainable techniques used in the design of a skyscraper

Tall buildings within the UK follow the BREEAM certification system which assess the sustainability within the building. As stated by BREEAM the idea behind the assessment should “recognise and reflect the value in higher performing assets across the built environment lifecycle”[footnoteRef:78]. An alternative way to measure a building’s sustainability is using LEED. This is a green building rating system which provides a “framework for healthy efficient and cost saving green buildings”[footnoteRef:79]. The sustainability of the Messeturm was recognised by LEED and awarded the silver level (53/110). [78:  BREEAM, 2022]  [79:  LEED, 2022] 


A technique which architects may consider using regarding sustainability is the heating and ventilation approach. This hybrid approach combines ventilation and heating, if correctly installed “will be most successful if they have been properly designed to incorporate other climate-responsive strategies as well[footnoteRef:80]. Predominantly the natural ventilation consists of the use of windows which can be utilised in warmer periods, whilst a mechanical system like a Mechanical Ventilation Heat Recovery System (MVHR) can be used in colder periods. The MVHR extracts stale quality air from the building, replacing it with fresh and filtered air for circulation, allowing the building to breathe during the warmer months. Heating and ventilation are important on any building but when the building stands above others in the landscape, the exposure to solar and wind is evidently stronger. Using MVHR will help reduce the running costs of the building and improve the sustainable aspect. MVHR provides a degree of energy saving, with the common goal to eliminate the fan and cooling plant consumption when conditions are stable enough, then natural ventilation takes over to maintain comfort for the user. When the weather externally reaches a pre-specified level, the operable windows of the building open mechanically, like a “distributed economizer cycle” which in turn will allow the chillers to perform at a reduced capacity.  [80:  Brager , et al., 2007] 


Another technique that could be considered in the sustainable design approach of eco-systems. Changing the built environment and its systems for a more sustainable future can contribute towards solving the 21st century environmental crisis. Damaging the natural environment can be avoided with the construction of a tall building. To incorporate eco-systems can be achieved through a range of ways, incorporating a man-made eco-system would consist of the following characteristics[footnoteRef:81].  [81:  Yeang, 2022b] 


The design and creation of the prototype involves the composite assembly of:
· existing technical systems (engineering). 
· the identification of biological systems (natural); and 
· the development of nature-augmented systems (Nature-assisted).

[bookmark: _Int_ZpcqHua1]Understanding each ecosystem is different in nature due to each site having different attributes. The ecosystem of all buildings is relative to the climate. Malaysian architect and ecologist Ken Yeang believes that for tall buildings to become more popular in the future they will need to have the consideration of becoming a hyper green with more Transport Orientated Development (TOD) incorporated into the design [footnoteRef:82]. Both hyper green design and TOD relate back to eco-systems. Whilst the connectivity of the building to the local context is important and should be considered for any design scheme, one should consider the biodiversity elements required to create living spaces on the external facades. Buildings need a greater level of biodiversity which supplies more appropriate faunal species: “biodiversity is generally defined as the variety of plant and animal life in the world or in a particular habitat; a high level of which is usually considered to be important and desirable”[footnoteRef:83]. Many eco-systems are not inorganic however within the site context of majority of tall buildings where humans are the most common species, as illustrated in Figure [15], for a specific building, a variety of species could be planted and incorporated within the design. There are several studies which demonstrate that when the higher biodiversity levels are more stable the ecosystem functions better.  [82:  Yeang, 2022a]  [83:  Yeang, 2022b] 
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	Figure [15]: Biodiversity matrix of species target as a basis for creating habitats within built systems 
Photo credit: K. Yeang 


 
Another implementation of an eco-system is the connectivity between the built environments and the landscapes. Having an ecological connection will support the eco-systems’ functions and movement of species. This can be achieved conserving and maintaining a connected network of natural spaces as shown in Figure [16]. Staggering the landscape on a building does not imply that the building will be surrounded by plants or only have a green roof, the use of green atrium spaces to improve the indoor environment can be considered, with the green spaces linked to the surrounding contexts to build a connectivity and relationship between surroundings. Yeang, commenting: “All the systems in nature tend to be connected whether by land, by its aerial or aquatic environmental media”[footnoteRef:84]. However, an urban setting can be more challenging: in the city, there is less green space which leads to a disconnection and may be viewed as a park space rather than a green space which links structures together. [84:  Yeang, 2022b] 
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	Figure [16]: Example of connectivity within the built system with the use of continuous landscaped ramp 
Photo credit: K. Yeang. 


 
The eco-system service consists of a range of technology to function, many different aspects of the building make up for the eco-system to be fully functioning. The surrounding climate will have an impact on what technologies will be considered and used mainly because the natural environment will play a part. The eco-systems services will include:
· The production of oxygen
· Maintenance of biological and genetic diversity
· The purification of the water and air in the building
· Decomposition of organic human and removal of industrial waste.
· Fixation of solar energy and conversion into raw materials
· Flood prevention and regulation of runoff. 

However due to the devastations like releasing toxic gases into nature, bushfires caused by human society and its built environment, the ability to provide ecosystem services is decreasing. The state of nature at present means that it is almost impossible for humans to replicate nature’s capability to provide eco-system services[footnoteRef:85]. One possible solution for this issue is not to entirely replicate nature, using more natural systems in a way that can appropriately fit into the building’s layout and surrounding context to intensify the environment providing a sufficient eco-system to be built. [85:  Yeang, 2022b] 

 
Design phase: changes over time

From the Messeturm in 1990 to 30 St Mary Axe in 2004, one can easily see how the design and development of tall buildings has developed. The shape of the Messeturm demonstrates the Chicago influence with a robust base which spires to a pyramid shape at the top whereas in comparison, 30 St Mary Axe is a completely circular building without a base. Furthermore, the peak of the Messeturm is inaccessible whereas at 30 St Mary Axe is a restaurant with 360-degree views of the City of London, allowing the visitor to view other surrounding buildings from a unique perspective. 

The development of materials between 1990 and 2004 has meant that the lightness of the steel and glass frame of 30 St Mary Axe almost seem in a different century from the concrete and granite façade of the Messeturm. 

When considering the developments between 30 St Mary Axe and the ICC, it is the technology of the building which has changed. The appearance is different with the base of the ICC spanning out from the bottom of the building over the nearby transport nodes and surroundings. These spans look like roots of the building to help support the structure. The ICC is the taller building by 304m (to 30 St Mary Axe) however the shape of the ICC is also more developed due to its location. The ICC has chamfered edges so the building can perform the same as the shape of 30 St Mary Axe, but this is not apparent from the external envelope. With the ICC opening in 2010 and The Shard opening in 2012 these buildings are also a good comparison as both are sited above busy city interchanges. However, the Shard adapted a different approach for the external facades with the quadrilateral shape. As the building rises, the quadrilateral shape gets smaller until it spans to a point and is like the top of the Messeturm. The Shard is a natural comparison with the ICC as both buildings include a hotel and commercial office space, meaning the building is active 24/7. The Shard also has an open roof area which is unlike the top of the ICC. This accessible rooftop at The Shard offers members of the public the facility to access views of London (for a fee). In comparison, the ICC has the hotel at the top meaning that it is only hotel residents who see the best views possible. Both buildings are constructed with steel and glass with the use of concrete in the core. 

The Manhattan Loft Gardens (MLG) was constructed using a hybrid frame incorporating steel and concrete. The MLG also contains many residential flats within the building whereas The Shard has a small number of penthouse apartments. The MLG also contains a shopping centre at the base whereas the only public accessible section of The Shard is the viewing gallery at the top. The MLG has also incorporated green space within the building, with garden spaces and landscaping on the roof of the base that extends out further than the spire. Despite 29 years of development between the Messeturm and the MLG, one can see changes in palette of materials as well as the technology. MLG attempts to maximise the solar gain within the building with a consistent use of curtain wall glass whereas the Messeturm has a granite façade. The Messeturm also has a Condair system in place which is a compressed steam distribution system to ensure precise and hygienic air humidification (Condair Group, 2020) whereas the Kane Group installed a system in the MLG as a mechanical system of heating that would distribute the heat efficiently and effectively leaving no cold spaces.

[bookmark: _Hlk62472078]

[bookmark: _Hlk57978122]Chapter 4: Past, present, and future: the perception of sustainable skyscrapers 

A mixed-use development in Berlin, The WoHo designed by Mad Arkitekter is projected to be 98m high in the Berlin-Kreuzberg region and will be made of cross laminated timber, allowing builds that use far less steel and concrete than traditional skyscrapers[footnoteRef:86]. Mad Arkitekter’s approach was “social mixing, orientation towards the common good and sustainability” stated by the client Thomas Bestgen[footnoteRef:87]. WoHo also aspires to be community driven with 60% of the space used for rentable and freehold living, 25% for commercial units and the remaining 15% for public space. The ground floor of the WoHo will contain “small grocery stores, reading cafés, ateliers and other commercial activities, a kindergarten, an after-school centre, a cafeteria and a spa area with a sauna and a bar” [footnoteRef:88]. At WoHo, the architect has also designed less space for parking and car use, instead offering a more sustainable (and cleaner) option of bike racks and vehicle charging points. Mad Arkitekter has also shown in the pre-construction images expressing the proposed design of ample green walls and green roofs to help with the air quality of surroundings. Incorporating greenery within the living environment will support and contribute to the biodiversity in urban areas. Having green roofs can also support the building’s water management system[footnoteRef:89]. It is known that having green roofs on factories, hospitals and office complexes will help reduce the peak intensity by retaining some of the rainfall and delaying the flow of the remaining rainfall to the drainage. To achieve the maximum efficiency of water management the roof should consist of a substrate of at least 15cm, this can retain between 50-80% of rainfall, allowing it to evaporate at a later period. [86:  O’Sullivan, 2021]  [87:  Gruber, 2021]  [88:  Lynch, 2018]  [89:  De Vries, et al., 2019] 
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	Figure [17]: Projected vision of WoHo, Berlin
Photo credit: Mad Arkitekter 



However, with the new and popular ideas surrounding vertical living, architects are currently trying to be more sustainable in their design approach. Controversially, the Sumitomo Forestry Company in Japan is developing the design of the world's first supertall timber structured skyscraper to be around 70 stories being constructed in 2041[footnoteRef:90]. Known as the W350 Project, the structure would use 185,000m3 of timber and cost an estimated ¥600bn (£4bn). The development would consist of 90% wood using a braced tube technique with steel frame vibration control braces that would be placed inside of a column and beam structure so the frame would consist of steel and wood[footnoteRef:91]. [90:  Lynch, 2018]  [91:  Pitcher, 2018] 
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	Figure [18] Proposed Cross section of W350 Project
Photo credit: Sumitomo Forestry Co.



Such a technique could be developed on an international scale as many of the tall buildings currently being designed and constructed are predominantly of steel construction. Using wood as part of the structure will certainly reduce the carbon emissions of the processing of the materials. Due to the sheer size of the structure, the use of steel within the wooden beams would supply a degree of stability at taller heights; however, the expansion of materials selected for the design of tall buildings has developed by using timber as a structural element. It reduces the amount of steel which is a positive as wood is more eco-friendly to manufacture than steel. Within the design the W350 project Sumitomo Forestry Co also explore the use of biophilic architecture. This may be to create living space for the environment within the vertical landscape increasing space for the building's users. By incorporating the use of nature and building materials creates a respect between the surrounding eco-systems. W350 supplies views and access to nature; this could be incorporated by having courtyards in the building like WoHo developed or could even be the approach that SOM took when designing the Manhattan Loft Garden whereby green spaces are created by cutting cantilevers out of the building and supplying green spaces at a raised level. A popular technique used in a commercial building is merging biophilic design within the structure to create better air quality by incorporating operable windows and rolling overhead doors. Another key point of biophilic design is the natural lighting control, the use of glass allows a considerable proportion of excess light into the building creating a glare effect. These techniques can be seen in Figure [18] developing into the design where Sumitomo have used some vertical landscaping to control the natural lighting emitted, using plants to improve the surrounding air quality. 

As part of the fieldwork, a survey was distributed to members of the public gathering their views on tall buildings and how they are built. From the responses of the survey, it seems to be public perception of what defines a tall building is the use of floors and not the size of the building: 24% of respondents mentioned that “several floors define a tall building” (Appendix D). The public seemed to be divided over the appearance of tall buildings as shown in Figure [19] below. 

	

	Figure [19] – Responses to question (3) in pubic survey (See




A substantial proportion of respondents claimed that they find tall buildings pleasing but over 50% said that they had no opinion on the subject. This could be because members of the public are unaware of the form and function of the buildings. This may not be helped due to some tall buildings developing individual nicknames. 30 St Mary Axe is known colloquially as “The Gherkin”, due to the shape of the building and how it portrays itself coming out of the ground to the rounded tip. Another building with a popular nickname is 20 Fenchurch Street, London by Rafael Vinoly: this building was given the informal nickname of the “Walkie Talkie” or even for a brief period the “Walkie Scorchy” due to the concaving façade damaging cars parked in the surrounding context. Once again, the popular nickname for the building stemmed from the shape of the overall building, the structure spanning out larger at the top creating a top-heavy feel. Even though the public perception gathered in the survey was one that tall buildings are not a waste of money, there was a variety as to reasons why this could be. Some respondents commented that tall structures are not a waste of money because of the volume of space achieved is greater than a single ground level footprint, which uses the land space more efficiently.

One respondent commented “if we look at Hong Kong or similar places where there is not much room for people to extend their "habitat" horizontally, the verticality of a tall building can offer the same living area for the people by having a lesser building footprint. And I think that building vertically can offer a viable option for crowded cities, with population exceeding 5 million. people. This way the city can grow without extending its footprint and leave more space for nature”. However, others replied by saying that they are a waste of money as they require a lot of maintenance and on occasions some are built with no clientele to fill the space therefore being unrequired. The following question, “These days, we're all encouraged to separate our rubbish and recycle more. In architecture we call these processes "sustainability". How do you think we can be more sustainable in the construction process?”, had a significant response mentioning the use of materials being recycled and more locally sourced using a low carbon method of design. One respondent raised the issue of incorporating biophilic design in adding greenspace and vertical landscape to a building, or incorporate more sky gardens, which in turn brings in more revenue for the building by offering the public an experience creating a tourist attraction. 

The data gathered from the public survey was compared with that gathered from the architect survey. Just under half of respondents (44%) mentioned materials within their response with one respondent stating that their initial thoughts would be “Quantities of glass and therefore solar gains and thermal criteria, sheer scale of construction costs and associated carbon footprint. Lifts - operational energy and costs. Ventilation - how to use natural and if using mechanical the energy consumption. Depth of pile foundations – the depth required to achieve structural stability. Quantities of cladding materials required - resources. Renewables?”. Both architects and the public have a brief understanding of the terms and the direction needed to move forward to create sustainable buildings. However, as expected the public perception is very shallow whereas the architects understand the topic in more depth and understanding.


[bookmark: _Hlk70092154]Conclusion

[bookmark: _Hlk100573756]It seems that tall buildings can indeed become sustainable. With the client playing a large role in the efforts to become more sustainable the education of the public needs improvement after analysing the field research. The public respondents were rather unsure on tall buildings; however, this could stem from not using one frequently and their just big structures standing taller than the normal buildings they see frequently.

However, the sight of tall buildings is becoming increasingly popular, this could stem from the fact that tall buildings are just commercial buildings anymore but in fact are becoming residential and ‘home’ of the inhabitant on the skyline. To use tall buildings as a dwelling also can benefit the environment, firstly the land space required is a lot less, admittedly some people like landscape however closer to city destinations there is a demand for housing therefore by building residential spaces vertically it allows more techniques to be incorporated within the building to make it a more sustainable building.

[bookmark: _Hlk100571373]The materials used are also developing with more glass becoming a feature to offer the building users a elevated viewpoint over the surroundings. I think the material development is important as the skin of the building is what everyone sees whereas internally it’s only the buildings users, therefore the use of biophilic design should be considered as it also supports the natural environment and will improve the climate state. The use of Hempcrete or Ashcrete instead of concrete could also be tested as recycled materials should be incorporated where possible within the building.

The initial design could be improved by merging a BREEAM review into the planning process so before the building passes planning a sustainable requirement is met, this will ensure all buildings have approached and combatted the issue to an extent before being built. This could even become a global recognition that establishes a criterion that all tall buildings must meet before the construction phase can start. This will also allow the less sustainable countries to improve their design thoughts and become a more sustainable approach for all tall buildings globally. An Architect from Copenhagen, named Jan Ghel once referred to Dubai as “the buildings reminded him of Selfridges perfume counter, where you’d have lots of perfume bottles set up on the shelf, all of them looking differently”[footnoteRef:92]. This echo’s the fact that within Dubai there doesn’t seem to be much sustainability considered even though the city is based on a dessert with a hot climate, the extortionate environmental impact from the building needs to be spoke about so something can be done about it. [92:  Prevc, 2022] 


The approach WoHo has taken is also a positive movement going forward, to be able to use wood as a primary material is something that should be considered more often in tall buildings, admittedly there is some testing that will work before a Megatall structure could be built form timber frame however for tall buildings it should be looked into more as the environmental impact is a lot better than using steel and concrete which is the most common technique. Enforcing the use of TOD within the design of a building is also a good technique, people will use public transport if it benefits them and by having access directly from public transport will encourage people to use it. Also, the consideration of eco systems should become more embedded into the design process. Natural environment is vital to be included within the design phase and the added (and proven) benefits of the natural environment should become more popular in future designs.
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Appendix A: Questionnaire for Ken Shuttleworth

The following questionnaire was sent, by email, to British architect Ken Shuttleworth of Make Architects, and formerly a Partner at Foster + Partners (1977-2004). 

The questions were devised by the author of this dissertation.

1. In terms of sustainability, what is your understanding?
2. It's really unusual to have a curved building so where did the inspiration for the shape and structure of 30 St Mary Axe develop?
3. Did the client of 30 St Mary Axe ask for sustainability to be addressed within the design phase?
4. Did you have to adapt any sustainability components of the design to suit the brief? Such as
· Materials
· Design Strategy
· Mechanical Strategy
5. I have researched the interior of 30 St Mary Axe and can see that the buildings plan has a series of fins fanning out from the central core of the structure. How much input of this floor plan came from the client?
6. Did you lead the design team for 30 St Mary Axe? Did the responsibility of the design fall to yourself, or were you involved with the technical details?
7. The term 'skyscraper' is no longer commonly used. Do you feel that the relatively short height of 30 St Mary Axe is a contributory factor to this statement?

Responses were received at an interview with Ken Shuttleworth which was held on 20 January 2022.



Appendix B: Questionnaire for John Prevc

The following questionnaire was sent, by email, to British architect John Prevc, HOK 

The questions were devised by the author of this dissertation.
1. In terms of sustainability, what is your understanding of the term?
2. Did you have to adapt any sustainability components of the design to suit the brief of the Al Faisaliah centre - Such as
· Materials
· Design Strategy
· Mechanical Strategy 
3. How important is the sustainability element in the Future Spaces Foundation?
4. Having worked in many award-winning practices in London, do you feel like the design team always approaches the sustainability element the same way?
5. On the buildings you have worked on what innovative sustainability techniques have you used as inspiration?
6. How important do you think the sustainability element is for the future of tall buildings?


Responses were received at an interview with John Prevc which was held on 21 January 2022.




Appendix C: Questionnaire for Ken Yeang

The following questionnaire was sent, by email, to Malaysian architect Ken Yeang.

The questions were devised by the author of this dissertation.

1. In terms of sustainability what is your understanding of the term sustainability?
2. On the buildings on which you have worked, what innovative sustainability techniques have you used as inspiration?
3. How important do you feel sustainability issues are within the design of tall buildings?
4. My research into your design of tall buildings has revealed that the majority are in Asia. When designing for a different climate such as London, what is your approach to the sustainable elements?
5. Was environmental criteria a way of measuring the cost of the building?
6. Was the cost of the building included in any environmental consideration?
7. I'm really interested to find out how or where you get your inspiration from, particularly in terms of sustainability techniques. Can you enlighten me because I would like to take inspiration from yourself?
8. Do you think that tall buildings are the future of design?
9. On the buildings you have worked on, what innovative sustainability techniques have you used as inspiration?

Responses were received via an email response from Ken Yeang.











Appendix D: Public Survey Questionnaire

The following questionnaire was created in Microsoft Forms and attached to a social media post, and members of the public were invited to complete the survey anonymously.

The questions were devised by the author of this dissertation.

1. What do you class as a tall building?
2. How often do you see a tall building in your daily life?
3. Do you think tall buildings are pleasing to look at?
4. These days, we're all encouraged to separate our rubbish and recycle more. In architecture we call these processes "sustainability". How do you think we can be more sustainable in the construction process?
5. Do you think tall buildings can be sustainable?
6. What materials do you think are used to construct a tall building?
7. Do you think we should continue to build tall structures?
8. Do you think tall buildings should only be designed for cityscapes?
9. Are tall buildings a waste of money? and why?
10. Can you see any advantages of a tall building? If so, please list these advantages in the box below.
11. What do you think is the future for tall buildings?
12. Which TV programmes about architecture and design do you watch/listen too?
13. In what age range do you fall?

Responses were received via Microsoft Forms and analysed as part of the dissertation.










Appendix E: Architect Questionnaire

The following questionnaire was sent, by email, to a targeted list of named, Chartered Architects. In addition, the questionnaire was distributed to local members via RIBA North and the Royal Society of Architects in Wales (RSAW).

The questionnaire was created in Microsoft Forms.

The questions were devised by the author of this dissertation.

1. What do you think defines a tall building?
2. Have you ever been involved with the design of a tall building? 
3. Do you feel sustainability is a key issue within the design of a tall building?
4. Where do you get your inspiration from when designing a tall building?
5. IF YOU SELECTED “OTHER” as an answer TO Q4, please share where do you get your inspiration from?
6. What do you feel the advantages are of a tall building?
7. What sustainability issues initially come to mind when designing a tall building?
8. How do you overcome such issues within the design phase? Do you tend to use a specific palette of materials, and if so, what are these materials that you use?
9. Why should a tall building have sustainable aspirations?
10. What is your most common sustainability approach while working on a tall building?
11. As an architect, do you believe that you could improve the sustainability element of a tall building?
12. What do you think is the future for tall buildings?

Responses were received via Microsoft Forms and analysed as part of the dissertation.
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in the building like what WoHo have developed or could even be the approach that SOM took

. when designing the Manhattan Loft Garden whereby green spaces are created by cutting

Questions Responses @

cantilevers out of the building and supplying green spaces at a raised level. A popular
© Never ! ‘v o technique to use in a commercial building is merging biophilic design within the structure will
create a better air quality by incorporating operable windows and rolling overheard doors.
Another key point of biophilic design is the natural lighting control, the use of glass allows a

3. Do you think tall buildings are pleasing to look at? (0 point) considerable proportion of excess light to come into the building creating a glare effect. These

techniques can be seen in Figure [18] to be developed into the design where they Sumitomo

More Details have used some vertical landscaping to control the natural lighting emitted and using plants

to improve the surrounding air quality.

® v 20 As part of the fieldwork for this dissertation, a survey was distributed to members of the public

® o 5 to gather their views on tall buildings and how they are built. From the responses of the survey,

® Vaybe 19 it seems to be the public perception is of what defines a tall building seems to be the use of
floors and not the size of the building: 24% of respondents mentioned that “several floors
define a tall building” (Appendix D). The public seemed to be & divided over the appearance
of tall buildings as shown in Figure [I] below.

4. These days, we're all encouraged to separate our rubbish and recycle more. In (@ E—
architecture we call these processes "sustainability" point)

How do you think we can be more sustainable in the construction process?

More Details £ Insights had no opinion on the subject. because
members of are
Latest Responses

"Use recycled building supplies which can be recycled infinitely " individual is known colloquially as

44 "Less waste" “ ", due to

Responses "By putting separate rubbish chute's in so that the recycling waste

, location by x: been given informal

can be done " . . ;
Once
26 respondents (59%) answered materials for this question.
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