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To evaluate the relative benefits of timber, steel and concrete in the construction industry

1.1 Introduction
The aim of this research proposal is to emphasise the various characteristics of the following materials, Timber, Steel and Concrete framing in a constructive environments. This research proposal will go into thorough detail concerning the advantages and disadvantages of the stated materials when used in construction. Additionally, outlining the key components of each individual material, describing the key qualities and properties. Furthermore, this proposal intends to compare and contrast the stated properties against each other, in the hope of reaching a conclusion as to which material is the most beneficial and efficient in construction. 
1.2 Rational 
The importance of these materials in construction have been proving for decades. They’re the three most common used materials within the industry and for good reason. ‘The material you should choose for your structure depends on many factors, such as the type of building, your budget, and the capabilities of your worksite.’ (Humann – Design, 2018 – Page No. 15) Over the years, we’ve seen some extraordinary structures all from these three components, scaling from small to sky rise. But with all these fantastic builds and designs, we still come across difficulties with timber, steel and concrete. So, which one should you choose?
I have chosen BAM Nuttall Limited as a case study to test the relevant importance of these materials and to identify the role of timber, steel and concrete in the contemporary construction industry. To achieve this, a number of research objectives have been proposed. ‘BAM Nuttall is a leading edge supplier of civil engineering services and is fully focused on delivering quality infrastructure projects. All three materials are widely used throughout our projects and each bring a major aspect of their own. BNL are happy to help assist this research proposal and are keen to results in the hope it can help us improve for future projects.’ (Hughes pers. Comm. 2018 – Page No.15)
1.3 Timber - Background
‘Timber frame is a well proven, versatile construction method with many benefits. It offers a number of advantages compared to many other materials’ (forestry.gov.uk, 2015 – Page No.15). Firstly, speed of construction is a major advantage in timber frame construction, the build time on site is quicker, programmes of work are shorter and there is also a quicker return on investments. Furthermore, as it is manufactured in a factory controlled environment it is dimensionally accurate, health and safety is also increased due to the high control and there is reduced waste due to better material + waste management. Moreover, it has a sustainable method of construction with it being energy efficient & environmental friendly, it’s recyclable and has fast heating due to low thermal mass. Its lightweight construction also requires less expensive foundations. In addition, the drying out time is reduced, thus internal finishes completed quicker. The flexibility of the design can be managed well as extensions can be easily added and internal layouts can be readily adapted when required. 
Despite, the previously stated advantages, there are several disadvantages regarding this particular material. Timber is susceptible to insect damage, as it can be a food source for many insect species. Timber in buildings can be attacked by a range of wood-boring insects resulting in structural weakening which can result from infestation. ‘Timber is more susceptible to fire than other building materials unless treated and maintained’ (Lassa.co.uk, 2015 - Page No.15) 
1.4 Timber - Literature Review
There are certain factors that can affect the physical properties of timber, the direction of the grain being one. The wood grows as fibres that break towards the tree trunk. If they are parallel to the fibres then they are ‘‘with the grain’’, horizontal to the wood fibres then they are ‘’against the grain’’. Moisture content is another factor that can affect the properties of timber. Wood is a material which will absorb precipitation in moist environments and loses it in dry environments. Moisture content of wood is the weight of water it contains divided by its dry weight. The lower the moisture content, the higher the strength is. As moisture content of timber changes, timber shrinks and inflates. Timber will continue to shrink or grow to balance out the moisture content. This means that it will adjust to its surrounding environment. A moisture meter is most frequently used to determine the moisture content of a particular batch of timber. These meters are usually connected to two probes which send an electrical current through the timber. Density of the timber varies with species and moisture content. As density increases, strength increases proportionally. Other factors that affect the properties of timber are knots and durability. Knots are developed by a branch that has been accompanied by growth of the trunk. Durability is exemplified as its detergent to decay and insect attack and varies with species; timber used in structural operations is treated to prevent decay and attack from insect. Figure 1 as below.
‘Timber framing dates back more than 2000 years to some Japanese shrines that are still standing. Over 3000 Timber Frame structures still exist in England that was built between 400 and 1100 A.D. Many timber frame buildings have lasted centuries, and ones built today are expected to exceed 300 years or so.’ (Benfieldattgroup.co.uk, 2015 - Page No.15) 
                                                
                                                     [image: https://upload.wikimedia.org/wikipedia/commons/thumb/6/69/Espacio_Parasol_Sevilla.jpg/1920px-Espacio_Parasol_Sevilla.jpg]
Figure 1 shows an image of the Metropol Parasol timber structure in Seville, Spain.

1.5 Concrete – Background

Concrete framing in construction has been around for hundreds and hundreds of years. The word concrete comes from the Latin word ‘concretus’ whereby meaning compact or condensed. The Pantheon in Rome is one the most famous concrete made buildings in the world, dating back to the 1st century BC. Figure 2 as below.           [image: Image result for pantheon rome]
Figure 2 shows the Pantheon building in Rome. 
Concrete is a composite construction material, composed of cement, which is the binding agent, coarse aggregate containing the gravel and crushed rock such as limestone or granite, fine aggregates, which is sand, water and chemical admixtures. Concrete comes in many types; plain mass, commonly used for dams, retaining walls etc. Lean concrete, which is a large ratio of aggregates, used for filling not structural. Structural concrete which is high in density. Reinforced concrete, which is assisted with steel for strength. Pre-stressed concrete is subjected to pre-placement compression to counteract expected tensile forces. Pre-cast concrete is seen in moulded channels and culverts. Water resistant concrete has a higher density when sprayed with lacquer, most used for water tanks. High density concrete utilises haematite using iron or steel as aggregates. High density types of concrete are used for shield walls or sea walls. Fibre reinforced concrete uses nylon, steel and carbon fibres as reinforcement. High alumina concrete has a high early strength and has good resistance to high temperatures and sulphates. 
1.6 Concrete Literature Review
‘Reinforced concrete, as a structural material, is widely used in many types of structures. It is competitive with steel and timber if economically designed and executed.’ (Salehudin, Salehudin and profile, 2011 - Page No.15) Commonly used worldwide, concrete has many advantages which make it popular in construction. As a material, it’s resistance to fire; higher than that of steel and timber.  As well as being fire resistant, concrete is also weather resistant. It is durable, strong and needs little maintenance. ‘Concrete can withstand catastrophic loading and there is less movement with concrete structures, buildings have a longer life expectancy. They require lower maintenance and have greater resale value than other structures’ (Construction-greatopportunity.blogspot.co.uk, 2012 - Page No.15). Using concrete as a constructive frame, it saves energy. ‘Industry studies prove that compared to steel construction, concrete buildings have decreased heating and cooling expenses. Over a 24 hour period, heat gain calculated by btu/ft2, can be up to 50 percent less adding up to a substantial saving.’ (Construction-greatopportunity.blogspot.co.uk, 2012)  Reinforced concrete, as a fluid material in the early stages, can be easily sculpted into a nearly unlimited spectrum of shapes and sizes. 
However, despite the mentioned advantages, concrete material in construction displays numerous disadvantages. It is much affected by earthquake loads. In countries like America, Japan and China, which are most affected by earthquakes, concrete construction methods for tall buildings may not be the best choice.  ‘It has a low tensile strength of about one-tenth of its compressive strength. Cracks develop in concrete due to shrinkage and the application of live loads.’ (Salehudin, Salehudin and profile, 2011 - Page No.15)

[image: http://upload.wikimedia.org/wikipedia/commons/2/2d/ADBC_Branch_in_BeiChuan_after_earthquake.jpg]
Figure 3 is showing the effects of an earthquake on a concrete building.                                                                                       









1.7 Steel – Background
Steel comes in different classification of metals, ferrous and non-ferrous. Ferrous metals are those which contain iron, such as steel cast iron and wrought iron. Non-ferrous metals do not contain iron; these are materials like copper, lead, zinc, aluminium and chromium. In construction, steel, aluminium and copper are predominate. Steel is an alloy of iron and carbon. Iron carbide (cemenite) lives in sheets in its microstructure; this is very hard and brittle. These sheets are knitted with iron to design a compound called pearlite. It is pearlite that provides steel its characteristic strength. The higher content of pearlite, the stronger the steel. Steel has different types which are classified by their carbon content, these are; low carbon steel (less than 0.15% carbon), mild steel (0.15-0.25% carbon), medium carbon steel (0.25-0.50% carbon) and high carbon steel (0.5-0.9% carbon). Mild steel as a material is ductile and malleable, it’s tough and elastic, withstands shocks and impacts well and is equitably strong in tension, compression and in shear. Mild steel is predominately used for reinforcements such as links, stirrups and mesh.  High carbon steel as a material has increased tensile strength, resists corrosion better and is tougher than milder steel, but is more brittle and less ductile than milder steel. You will normally find high carbon steel used for tool bits like drills, blades, diggers and scoops. 
1.8 Steel – Literature Review
Steel as a construction material, may be the best when comparing it to timber and concrete. ‘Steel frame construction offers many advantages over traditional reinforced concrete and timber with lower costs, sustainability and flexibility being amongst the many benefits of choosing steel framed buildings over the alternatives.’ (Reidsteel.com, 2015 - Page No.15) Steel framing is very lightweight and strong (much lighter and stronger than concrete when strength to weight ratio is compared). ‘Steel can be assembled quickly and efficiently in all seasons. Components are pre-manufactured off site with minimal on-site labour. A whole frame can be erected in a matter of days rather than weeks, with a corresponding 20% to 40% reduction in construction time relative to on-site construction.’ (Livingsteel.org, 2015 - Page No.15). It has excellent quality control making it precise and predictable. Using steel as your construction material, it can be built very tall and wide. The tallest building in the world is made up of steel. Figure 4 as per below.
[image: http://travelingmarla.files.wordpress.com/2014/01/burj-khalifa-dubai.jpg]
Figure 4 shows the world’s tallest building. The Burj Khalifa, Dubai.
Steel is endlessly recyclable and has added fire resistance which timber does not carry. These added fireproof methods are coatings, intumescent and sprayed. Intumescent coating is a paint spraying method produced from sodium silicates and graphite. Sprayed coatings are a vermiculite cement (calcium silicate or gypsum binder) or mineral fibre. Unlike concrete, steel is earthquake resistant. ‘It flexes under extreme loads rather than crushing or crumbling.’ ‘Steel is also energy efficient, as heat radiates quickly from steel roofing, creating a cooler home environment in hot climate areas. In cold climates, double steel panel walls can be well insulated to better contain the heat.’  (Livingsteel.org, 2015 - Page No.15) 

With all the listed advantages above, steel does bring its disadvantages in the construction industry. As a material, steel is costly, much more expensive than timber or concrete. The frames are more unstable, meaning their more liable to deformation and torsion. Steel needs fire protection and also needs a separate skin (walls and floors). ‘Maintenance of steel structures exposed to air and water, such as bridges, is susceptible to corrosion and should be painted regularly. Application of weathering and corrosion-resistant steels may eliminate this problem.’ (Hcgl.eng.ohio-state.edu, 2015) ‘Just like most construction materials, steel is prone to fracture. Constant tension and stress caused by the overall weight of a building contributes to the wear and tear of the steel.’ (eHow UK, 2015 - Page No.15)


A Structural steel frame comes with different properties. The advantages lie in three areas, these are; in design, in construction and in use. In design has large spans with columns of small sections, has greater building heights and high load bearing capacity. Opening can be easily provided and the installation of services is simplified. In construction, there is an ease of fixing and cladding, it’s can be pre-fabricated and has an ease of erection. It has a shorter construction time and there’s a modest space demand on site. In use, steel has great flexibility and limited number of internal supports. It’s easy to dismantle or demolish and is recyclable. 
1.9 Methodology
As part of the methodology for this research proposal, a collation of case studies and semi-structured interviews with Bam Nuttall Ltd employees will be done to form and determine a correct analysis of data by cross tabulating with company official reports.
Interviews have been undertaken by myself with Roger Morgan (Senior Agent), Dylan Webb (Project Manager) and David Hughes (Operations Manager). 

1.10 Results
Results will be tabulated from the interview data and statistical analysis of the company report data will be used to compare the different materials. Linear regression is the proposed calculation to show any significant differences in the material.
[image: ]

1.11 Evaluation
In conclusion to the above research, getting the best out of your building is dependent on your environment. By using a timber based frame in the UK, it may not be used to its full potential when in use compared to a warmer climate but it is very common due to its quick and ease of assemble, low costs and insulation properties. By using a concrete based frame in the UK, you will find it works at a higher level compared to timber as it’s more weather resistant and durable. Concrete is also expected to have a longer life span than timber. By using a steel based frame in places such as the USA or China, you will see more advantages than disadvantages compared to concrete and timber as they are more susceptible to earthquakes and other disasters.  


[bookmark: _GoBack]
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