HNC in Civil Engineering and Environmental Management
[bookmark: _GoBack]Material Science/ Structural Appreciation, Science and Materials
M4X01314/ M4X01349
Assignment title: Construction Materials
Student name: Kelly Marie Glover
Student Number: 1704461




















I have decided to research two buildings which have been designed for different usages. The Museum of Liverpool is a steel frame building and the John Henry Brookes university building is concrete frame. I will discuss the purpose of the buildings, how they were built and the impact they have on the environment.
STEEL FRAME
The museum of Liverpool is located in the dock area by the River Mersey in Liverpool’s famous waterfront and also a world heritage site. The three storey building opened to the public in July 2011 and uses modern energy efficient technologies to power its 8000 square meters of public space. The building which was designed by Danish architects 3XN was built using an intricate steel frame. 2100 tonnes of steel was used to frame the building along with 1500 square metres of glazing and 7500 cubic metres of concrete. The museum of Liverpool cost over £72 million to build.
[image: ]The site in which the museum of Liverpool sits use to be a derelict industrial brownfield area. The Network Rail Mersey Rail-Link tunnels are located directly beneath the building which caused some limitations during the design process. The three storey building was designed with large windows either side which looks over the city and the harbour, this was intended to draw visitors to the museum. Inside the building sits a striking spiral staircase which corkscrews through a central atrium. It was soon discovered that by building the museum on top of the ground of an old industrial site that it gave excellent environmental benefits. This was because the natural gases and biodiesel were made use of by using it to heat and power the systems for the building. 






The Museum of Liverpool (Liverpool Echo, 2015)
CONCRETE FRAME
The John Henry Brookes building which is located within the premises of Oxford Brookes University, Oxford was designed by Design Engine architects and was completed in 2014. The building includes lecture theatres, a library, canteen and social learning spaces. The modern 5 storey concrete frame building covers 24,320 square metres and cost over £83 million to build. The building has been designed to be open plan to create a light and clean space. It has a long steel frame roof which spans the length of the building including large roof windows to allow natural daylight.
[image: ]The John Henry Brookes building was built using precast concrete sections. This meant the sections could be constructed off site and bought to site to be slotted together. This way of working allowed for all dimensions to be accurate and the speed of the construction process was much quicker. Concrete is widely used throughout the building and has been left in its natural state to provide thermal mass which tempers heating and cooling loads in parallel with natural ventilation. The concrete panels within the building allow for the teaching space to be altered if required. In the library, pre-stressed concrete slabs were used to cope with the weight and movement of the rolling racks for the books which could otherwise cause deflection in the floor. After completion, the building achieved a better than expected energy efficient rating which scored ‘very good’ in the BREEAM sustainability assessment.







Inside view of the John Henry Brookes building showing the suspending lecture theatre.				(Oxford Brookes University, 2014)
MATERIAL
As there was limited depth and width the foundations for the museum building could be built on, it was decided to use a cellular raft foundation. This type of foundation is rigid and is known to be used in areas of loose or poor soil type. The foundations are 4 meters deep and are reinforced heavily with steel. During the construction of the foundations, it was important to take in to account that the building was going to be constructed within 12 metres of the river wall. The steel frames inside the building provide column space for displays in the galleries to be interesting and different. The building has been clad in 5700 square metres of natural Jura limestone which is one of the most versatile natural and hard wearing stones.
[image: ]When it comes to steel frame buildings, there are many advantages of using this material in construction. Steel which in an alloy of iron and carbon is a lighter product when weighed up against concrete and wood, which makes it easier to handle and also reduces the shipping costs. Steel parts are pre-engineered in a factory and are brought to site ready to be assembled straight away. This means there are no setbacks once the materials are on site. The quicker the building is assembled the less impact there is on business and public roads.







Steel frame design of The Museum of Liverpool 	(Caunton Engineering, 2011)



Concrete frame buildings are made from reinforced cement concrete which contains high carbon steel bars. A mould is made on site and includes reinforced steel bars and ties to hold in place. Once the cement has been made to its desired consistency and strength, the cement is poured into the mould. Due to gravity, the liquid cement will always find it way down the section and into small cavities. The cement has to be left for 4 weeks before it reaches its full strength. During this time, the mould stays in place to support the structure. Concrete can only be poured into the mould if the weather is right. If the temperature of the atmosphere is too hot it can cause cracking, too cold and the water will freeze also causing cracking. It is very important to cure concrete correctly by ensuring the correct temperature is maintained, that there is adequate moisture and allowing the correct amount of time. Calcium Chloride can be added to the concrete mixture and is used as an accelerator, Gypsum is used as a retarder. For the John Henry Brookes building 30% ground granulated blast-furnace slag was used in the concrete to make the surface look lighter and almost like stone. 
[image: ]






John Henry Brookes building during construction (Oxford Brookes University, 2013) 
There are many factors to consider when constructing this type of beam, one major factor is that the steel in the concrete need to be well protected from corrosion otherwise there can be blow outs from the concrete exposing the steel. The steel bars in concrete structures are protected by the inherent highly alkaline environment of the concrete created by the release of calcium hydroxide from the cement hydration. The museum came across an issue when designing the precast steps and seats for the outside of the building. The architect did not specify the amount of concrete needed to cover the steel bars which sit inside the concrete. The 25mm of covering which was supplied was not sufficient for a seafront location and therefor the steps and seats were not completed on time for the opening day. The steel structure of the museum building has been protected from the marine environment by cladding the entire building in natural Jura limestone. Another benefit of concrete over steel is that it is generally cheaper which is why a lot of building are being constructed out of reinforced concrete cement.
FIRE PROTECTION
Steel requires fire protection if used in buildings, it loses is strength when exposed to a heat over 700 degrees Fahrenheit. Steel must been protected either by thermal fire protection or absorptive fire protection. Concrete will lose its strength by half when exposed to a heat of 840 degrees Fahrenheit and by 1200 degrees Fahrenheit it will lose all strength. For the museum building, intumescent coating was applied to the steel which is said to give two hours of fire protection.
RECYLCYING
When a building comes to the end of their life, certain materials can be recycled. This is the case with the museum building as it has been constructed from Steel. Steel can be endlessly recycled without its strength or durability being compromised. Once the steel is melted, it is then made into whichever shape required. There is a high possibility that the steel frame of the museum building was made from recycled steel. Concrete can also be recycled and reused in many different ways. It can be reused for gravel, paving materials, and aggregates. This prevents in from being in landfill which causes many environmental issues.The steel from reinforced concrete can be stripped from the concrete and recycled separately. Not all concrete from building sites gets recycled, this normally comes down to the cost of having the waste transported from site. Janet Sumner the executive director of the Canadian Parks and Woodlands services explains that whilst you recycle a material it is creating its own carbon footprint, “It all has to go to a recycling facility which means there’s also transportation or haulage’’. ‘’Concrete is the second most consumed material on Earth after water it is responsible for between five and 10 per cent of all human-related greenhouse gases. Most of these emissions result from the production of cement, a key component of concrete ’’(Sumner J, 2016)
ENVIRONMENT
The museum of Liverpool has been criticised for ruining the UNESCO world heritage site. The museum is positioned on a water front full of historic building including the warehouses of the Albert Dock and the Three Graces buildings. The shape of the building was inspired by ships and land art. Architect Kim Herforth Nielsen said he wanted to be ‘respectful of the Three Graces and not to compete with them, but do something completely different’.
[image: ]The John Henry Brookes building also went through some difficulty during the planning process. The new building had to be constructing around the existing 1950s building. The architect, Richard Jobson created and idea which connect new building to the old. He described the plan as a central box which would be penetrated by pegs. The central box being the heart of the university which includes a 300 seat suspended lecture room and the pegs acting as the library, the teaching block, the Abercrombie building and the Piazza. Due to complaints from the residents living close to the proposed building, the height of the building had to be reduced. Residents complained that the building would block sunlight and also cause students to be overlooking there gardens. The windows were then designed to have frosted type glass panels at an angle that sat on the outside of the building to make people looking in a certain direction instead of in the direction of the residents properties.
The John Henry Brookes University building plan (Design Engine Architects, 2014)
SUSTAINABILITY
The John Henry Brookes building has been designed with sustainability as its main objective. It uses the natural daylight as a source of lighting but cleverly the building does not overheat in the summer months. The natural ventilation of the building is a clever idea and it contributes to the buildings comfort levels with air quality being maintained. The exposed concrete in the building acts just like a storage heater. The lecture room, which is the most populated area of the university has been cleverly designed to allow ventilation into the space through underground tunnels which sit beneath the Piazza. In the summer months, the warm air from outside will get cooled down whilst it passes through the tunnels and pushed into the lecture room. During the winter months, the cold air is pulled into the tunnels and it is warmed up as it passes through. This air is then heated to a comfortable temperature by passing through an energy centre and pushed back into the lecture room. A solar chimney is located on the top of the building which extracts dirty air. The below pictures illustrate [image: ][image: ]how the process works during the summer and winter months.
(Oxford Brookes University, 2014)
[image: ]The museum of Liverpool building uses a trigeneration system to produce energy to heat, cool and create electricity. Four combined heat and power systems were installed in the building which have a guaranteed annual energy saving of £500,000. The combined heat and power system uses the heat generated from creating electricity which is normally wasted to provide the heating and hot water. The system is based on site which means no energy is lost through miles of distribution cables. The building which houses the system is open to the public and has become and educational resource to learn about the museums sustainability.



768kWe units at Liverpool Museum (ENERG-G, 2011)
The two buildings I have researched have many different characteristics. The John Henry Brookes building has been designed to create spaces to learn, an interesting area which makes you want to explore further. The Museum of Liverpool is simple, clean and full of space.





















REFERENCE
www.liverpoolmuseums.org.uk, Building
www.arthitectural.com, Design Engine Oxford Brookes University John Henry Brookes and Abercrombie building
Moore.R,(2011). Museum of Liverpool review. The Guardian.
www.flexcrete.com,(2013).The Need to Protect Port and Marine Structures.
Barss.P.(2016).Is steel, wood or concrete the most green building material, TVO.
www.brookes.ac.uk, (2014). John Henry Brookes building-Sustainability-Passive by design
www.theade.co.uk, Museum of Liverpool
www.ramboll.com, Oxford Brookes University student centre




image6.jpg




image7.jpg




image8.jpeg




image1.jpg




image2.png




image3.jpg




image4.jpeg




image5.png
, —
1]
o 11110
T e ]





