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The design, planning, construction and sustainability of Concrete frame versus Steel frame buildings.

For this report we will look at two iconic skyscrapers, the Central Plaza Building in Hong Kong and the Leadenhall Building in London.

Central Plaza Building
	Location
	18 Harbour Rd, Hong Kong

	Structural Material
	Steel reinforced Concrete

	Constructed

Height (Occupied)

Floors (Above ground)

Floor area

Site area

Building Costs

Foundation

Facade
	1989 - 1992

299m

78

130,140 m²

7,230 m²

$141,000,000

Pile

Curtain wall (glass)

	Design features

Architect

Structural Engineer

Main Contractor

Client


	Triangular shape floor plan

Dennis Lau & Ng Chun Man Architects & Engineers (HK) Ltd.
ARUP

Manloze Ltd.

Sino Land Company Limited; Sun Hung Kai Properties Limited


	
	

	
	

	
	

	
	

	
	

	
	


[image: image1.jpg]il

NG




Design and Planning

Time and Cost 
From conception to completion the construction of Central Plaza only took 3 years from the original land purchase in 1989. One of the main reasons for the limited time scale was that due to the very expensive land cost the developer needed a quick return on investment. 
The original frame design was that of an externally cross braced frame. This design was superseded by that of a reinforced concrete design for the following reasons -
· Construction cost was reduced by HK$230 million.
· Steel would not have been available within the timescale.
· A concrete design would better lend itself to any alterations in structural layout during construction.
· Construction could be started at an earlier stage.
· The basement of 6 floors could be constructed at the same time as the superstructure.
· The lower floors could be completed (and let out) before the rest of the superstructure was completed.
Another element if the design that maximised value is that of the Triangular shape. This was due to 2/3 of the space offering harbour views.
Environmental
Hong Kong is in a typhoon climate and as such suffers very high winds. As such the tower had to be designed to withstand these wind loads, as well as the facade of glass and granite. During the design phase wind tunnel tests were carried out. "The scheme’s developers commissioned a detailed study from experts at the University of Ontario’s wind tunnel laboratory to make sure the structure would withstand predicted wind speeds." (Institution of Civil Engineers (ICE), 2019)
Another consideration was that of the water table level at only 2m below ground. A diaphragm wall design was used to construct the 6 basement floors.

Construction

The Building superstructure is comprised of three distinct sections (Tripartite system). 
· A 100ft tower base containing the main entrance and public spaces.

· The 772ft tower body containing 57 office floors, 5 plant floors and sky lobby.
· Tower top containing 6 plant floors and mast.

A climbing form and table form construction were used with steel reinforced high strength concrete (60 N/mm²). The entire superstructure was constructed in just 20 months.
The building (curtain wall) facade is made up of gold and silver coated, insulated glass.
Sustainability
Although Central Plaza would have not been originally designed and built to achieve the highest sustainability outcomes it has been successful in being Certified as Excellent (Green Building Certification (BEAM and LEED) in Hong Kong). 

Sun Hung Kai Properties Ltd employs an Environmental and Energy Optimization Committee for Energy Conservation. These committees look to improve on efficiencies of power use and resources within their properties. for example..
"Central Plaza use water discharged from cooling towers and air-conditioning systems for flushing water. This is estimated to have reduced Central Plaza’s water consumption by 20%." (SHPK, 2017)
Concrete frame analysis -
Durability and Climatic Resistance 
Hong Kong is in a sub-tropical climate with risk of typhoon storms. The curtain wall facade acts as the building envelope. The concrete frame should not come into contact with wind and rain, however humidity levels must be a consideration.
High Humidity Affects Concrete in a number of ways -
· Carbonation occurs when the carbon dioxide in the air reacts with calcium hydroxide to form calcium carbonate. The process increases the PH value in the concrete and promotes corrosion in the steel reinforcement. This can lead to cracking and spawling.

· Chemical attack from sulphates and chlorides from within the material or from atmospheric pollution is compounded by high humidity.
· The initial concrete mix design and application are essential in this climate to achieve the correct hardening and curing. 
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(Weather-and-climate.com, 2019)
Another consideration is that of wind loading. When Central Plaza was re-designed as a concrete frame the following measures to minimise the effect of shear stress through the structure were taken -
· The total height of the structure was reduced by adopting a 3.6m floor height and 2.6m ceiling height.

· The base was made larger than originally planned.

· Shear stresses were designed to be taken by the core down to the foundation and diaphragm wall.

Environmental Impact of Concrete Production and Use
Cement production for concrete is the main environmental factor -

The key impacts are -

· CO2 Emissions - Cement production is the 3rd biggest producer of man-made CO2 worldwide. This is made up of CO2 from energy use (about 40%) and decarbonisation of limestone to form clinker (about 60%).
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(Greenspec.co.uk, 2019)
· Environmental impact of quarrying limestone, i.e. impact on the land, use of natural resources and energy use.

· Use of water resources and energy during manufacture.

Other considerations are -

· Environmental impact of quarrying aggregates, i.e. impact on the land, use of natural resources and energy use.
· Use of water resources and energy during construction. Transport and plant emissions.

· Environmental impact from the use of steel to reinforce the concrete frame.
Assembly, ease of adaption and life cycle of the building 
Assembly

The key factors in the design and construction of Central Plaza were time and cost. Climbing/table form method was used with high strength concrete for simplicity and speed. This allowed for the substructure to be constructed at the same time as the superstructure. 
Ease of adaption

With limited design time available the concrete construction allowed for potential design changes to be made during construction. Post-completion the concrete frame also allows for modification to building shape and use of space. If necessary the building can be stripped back to its concrete core and modified, assuming that the concrete structure shows no evidence of degredation.
Demolition

In the event that the Central Plaza is no longer viable and requires demolition it may offer a rich source of recyclable material. Recycled Aggregate, Recycled Concrete Aggregate and Steel can be obtained, though not easily done and potentially hazardous.
Leadenhall Building
	Location
	122 Leadenhall St, London

	Structural Material
	Steel

	Constructed

Height (Occupied)

Floors (Above ground)

Floor area

Site area

Building Costs

Foundation

Facade
	2011 - 2014

203m

48

84,424 m²

3,000 m²

£340,000,000

Pile

Curtain wall (glass)

	Design features

Architect

Structural Engineer

Main Contractor

Client
	Wedge Shape

'Cheesegrater'

Rogers Stirk Harbour

And Partners

ARUP

Laing O'Rourke

British Land
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Design and Planning

Unlike the Central Plaza Building's conception to completion in just three years the Leadenhall Building took thirteen years, not helped in part by the financial crisis in 2008. However, only three years was at construction phase (2011-2014).
The main constraints that shaped this project were -

· Very restricted site area and access.

· Planning constraints - The area has a number of listed buildings including St. Pauls Cathedral so views (especially the skyline) were to be protected.
· Cost and speed of construction.
A Steel frame design was chosen for the following reasons -

· It could be almost entirely manufactured off site. About 80% of the building was pre-fabricated in the UK. The advantages were -

· Very little site space was required for storage or fabrication.
· A small team of workers were able to assemble the building.

· The building could be constructed very quickly.

· There would be less dust and noise pollution caused.

· A constant supply of concrete trucks would not be required so the only supplies to site could be made out of office hours.

· A steel frame would allow for much more interesting and visually appealing structure. A 10% tapered wedge shape was finally decided upon. 


"As its height increases and profile narrows, the mass of the building pulls 
away from the sensitive view of St Paul’s from Fleet Street." (RSH-P.com, 
2019). 
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(Steelconstruction.org, 2019). 

From the above image, from left to right we can see the megaframe, ladder frame (K braced) and north support core (painted yellow).

Building Information Modelling (BIM) was used to design and virtually construct the Leadenhall building before construction commenced.

Construction
The Leadenhall building consists of the Megaframe (primary stability structure), the Ladder Frame, the North Support Core (which contains all of the services), the Floor plates and the 'curtain wall' glass facade. 
The Steel structural components were manufactured in Wolverhampton, the North (Support) Core manufactured in Ireland and Liverpool. All were brought to site (ground floor slab) and assembled on a very tight timetable (just-in-time) as there was no storage space available. 
45 tonne tower cranes were specially made, able to lift the steel frame, north core sections and inner/outer curtain wall glazing.
Sustainability

"The Leadenhall Building is designed and built to, the..  guiding principle: that a sustainable approach is essential to delivering high quality buildings. Design and engineering elements have been deliberately chosen to make efficient use of energy and resources." (The Leadenhall Building, 2019).
· One of the key energy saving features of the Leadenhall building is the three layer glass 'skin'. The outer layer is separated from the inner double glazed layer by a ventilated cavity. Automatic blinds are also used to respond to the sun's movement.

· Neary 300 energy meters are used to monitor (and reduce) usage.

· Low-flow water fixtures are used.
· Off-site pre-fabrication using the Design for Manufacture and Assembley (DfMA) approach reduced waste to a minimum and reduced deliveries. Evidence suggests that the carbon footprint of a project can be greatly reduced using this approach.
Steel frame analysis -

Durability and Climatic Resistance 
The main considerations for structural steel are as follows -
· Corrosion - This would usually be atmospheric corrosion from humidity and pollutants in the air (sulphates and chlorides).

· Damage from heat - Steel can suffer structural integrity when exposed to extreme heat (fire).

Although not tropical, London still has significant humidity levels.
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(Weather-and-climate.com, 2019)
In the Leadenhall building all of the pre-fabricated steelwork was corrosion and fire protected where required. Highly durable epoxy intumescent coatings were employed for external areas and core structure, including the north support core which is the key fire escape route.
Environmental Impact of Steel Frame Production and Use 
· The energy used to produce steel accounts for 8% total CO2 emissions from industry. 
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(Center for Climate and Energy Solutions, 2019). 
· Production of coke for use in blast furnaces is also very polluting. Emissions include Sulphur Oxide, Nitrogen Oxide, Ammonia and Volatile Organic Compounds (VOC's).
· Use and possible contamination of water.

· Waste in the form of slag.

· Energy use for Transport - Iron Ore, coke and limestone for production.

· Energy use for Transport - Produced steel, often shipped large distances.
Some of these environmental effects are mitigated -

· Steel is recyclable. Currently about 85% of construction steel is recovered from demolition with 42% of steel produced from recycled material.

· Pollutants and waste from coke and steel production can be captured/filtered and sold.

· Energy efficiencies are being made in production and transport. to reduce the carbon footprint.

Assembly, ease of adaption and life cycle of the building
Assembly

The key factors for the construction of the Leadenhall building were space and time constraints. The assembly was undertaken by a relatively small construction team, with the main superstructure (megaframe) constructed in less than 12 months. The modular north support core was constructed with the central steel core, with the megaframe and ladder section following after. The steel structure was secured with high tensile steel bolts with provision for adjustment (active alignment) to pull the structure vertical as it rose. Finally the top floors services and glass building fabric were fitted. 
Ease of adaption

The Leadenhall building was designed so as the internal spaces could be modified. i.e. It is possible to let a number of floors to a client and create an atrium with mezzanine layout. The floor plates are unhindered by services or a central core so offer a versatile space, however, the megaframe and north support core cannot be structurally modified. 
Design for re-use
Steel frame buildings can be largely recycled. A 'design for reuse' approach can can make this easier and cheaper. The use of bolts (standardised) instead of welds, clear labelling for component specification and use of removable fittings are just a few options to consider.
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