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1.0 Bending Moments
Beam Length = 2.865m
Distributed Load = 0.25kn/m²
Point Load = 0.9kn
[image: ]


UDL Force = 0.25 x 2.865 = 0.71625
Point Load = 0.9KN
Force Downwards = 0.7625 + 0.9 = 1.62KN
Force Downwards = 1.62KN
A = 1.62/2 = 0.81KN
B = 1.62/2 = 0.81KN

Maximum Bending Moment for UDL
M = WL²/8 = 0.25 x 2.865²/8 = 0.26kn/m   260,000Nmm
Maximum Bending Moment for Point Load
0.81 x 1.4325 = 1.16kNm or 1,160,000Nmm
260,000 + 1,160,000 = 1,420,000Nmm






Concrete Beam
Beam Span = 2.865m
Distributed Load = 0.25 Kn/m²
Point Load = 0.9KN
Beam Width = 150mm
Beam Depth 300mm

Flow Chart
1) Start
2) Moment Calculated = 1,420,000Nmm
3) Concrete Class C70/C60 = C40 to be used
4) K = m/bd²fck = 1,420,000/ (150 x 250² x 40) = 0.003786   0.0038
5) K=K1 = yes 0.0038 < 0.168
6) No compression reinforcement needed
7) Z = d/2 [1 + √1-3.53K] = 250/2 [1 +√1 – 3.53 x 0.0038]     125 [1+√0.986586]
1 + 0.9932703559 = 1.9932703599
125 x 1.9932703599 = 249.16mm
8) As M/(fyd x z)  1,420,000/ (434.78 x 249.16) = 13.11mm²
9) The appropriate reinforcement bar to use would be one 6.0 metric bar size, with the cross-sectional area of 28.3mm². Since our answer of 13.11mm² is so small, but we still require a level of reinforcement, this is the most suitable option displayed in the reinforcement bar area table for concrete.













Steel Beam
Permissible Bending Stress of Steel = 460N/mm²
Section Modulus = w = m/fy
1,420,000/460 = 3087 mm³
308.7cm³
308.7cm³ is required, so by looking at the final columns of the steel sizing table, a slightly higher value of 32.2cm³. This is UB 203 x 102 x 23. 

Timber Beam
Bending Moment = 1,420,000Nmm
[image: ]
1) [bookmark: _Hlk41393743]Section Modulus = W = 75mm x (175mm)²/6 = 382812.5mm³
2) Bending Moment = 1,420,000Nmm
3) Bending Stress Applied = Bending Moment/Section Modulus = 1,420,000/382812.5= 3.71N/mm²
4) Given Strength of C16 Timber = 16N/mm²
5) Kmod Value 0.60
6) Safety Factor = ꙋM = 1.3
7) Bending Strength = Given Strength/ ꙋM x Kmod = 16/1.3 x 0.6 = 7.385N/mm³
8) Stress Applied (3.71) is less than 7.385 so for bending, this beam is ok.
9) Shear Force Applied F = 0.9KN or 900N
10) Cross Sectional Area = A = 75mm x 175mm = 13125mm²
11) Shear Stress Applied = F/A x 1.5 = 900/13125 x 0.81 = 0.056N/mm²
12) Shear Strength = 3.2N/mm²
13) Shear Strength = Given Strength/ ꙋM x Kmod = 3.2 x 0.6 / 1.3 = 1.477N/mm²
14) Stress Applied (0.056) is less than the shear strength (1.477) so the beam is ok. 




2.0 Introduction
In this report I shall be evaluating the uses of timber, concrete and steel as beams for use as a first level patio area. The evaluation of each material will allow a comprehensive and accurate decision as to which material should be used, allowing the client to be successfully informed in the uses and capabilities of each materials, as well as an appreciation of my opinion and the reasoning behind it.  
3.0 Timber
Timber is widely used in construction projects worldwide. As well as many other uses, timber is used in construction as the framework of houses, in the form of beams. Timber is a very broad definition for a wood that is prepared for use in buildings or carpentry. Timber is produced from growing woods. Each type of wood used as timber has differing characteristics and properties, but for the most part they are similar in their structural capabilities. 
Timber comes in various colours, ranging from a light yellow to dark brown. This is dependent on the type of wood the timber is created from. These colours are viewed as aesthetically pleasing to many, making timber a popular choice as a construction material because of its appearance. In addition to this, the aroma of timber makes timber more desirable, as it is said that good timber has a specific aroma. Timber is naturally hygroscopic, meaning it can absorb water from the air. This can then lead to swelling, which ultimately can result in splitting and cracking, causing a structural failure. Fungal attacks are also more likely in hygroscopic timber. However, good quality timber is far less hygroscopic, and timber can be treated to greatly decrease the material’s ability to absorb moisture. The quality of timber is largely based off the strength of the timber. With the use of stronger timber, the ability to bare larger loads is increased. Interestingly, wood is anisotropic, therefore strength is highly dependent on the relative direction of the grain. Arindom (2020) explains that “the best strength for timber is 500kg/cm² to 700kg/cm².” This is in relation to compressive strength. The tensile strength range of timber is 500-2000 kg/cm2. Moreover, the greater the bending strength in timber, the higher quality the timber is regarded to have. In terms of elasticity, each type of wood has its own modulus of elasticity value. Generally, timber will retain its shape under stress, before slightly bowing and ultimately failing. The timber used in the construction industry will be that of a high hardness, meaning it is resistant to the expected shocks and stresses it would be under in a typical home. One of the main reason’s timber is used in construction is because it has such high workability. Timber can easily be machined to the required dimensions and a high standard of finish can be achieved. 
When deciding whether timber is suitable as structural support in a construction project, the Eurocodes can be examined. These are a serious of standards that establish common rules for structural design. These relate to construction materials such as concrete, steel, masonry, timber, aluminium and glass. BS EN 1995, Eurocode 5 or EC5, is the standard for structural timber design. A myriad of research has gone into these standards and they are reviewed every 5 years. When using structural timber, compliance with these standards is detrimental to a safe and successful build. 
4.0 Steel
Steel is an alloy of iron, which is composed of carbon. The carbon content of steel ranges from 0.03% to 1.075%. Other elements are often used in this alloy. Due to the high tensile strength and low cost of steel, it is used as a major component for the infrastructure of buildings. Moreover, it is used in automobiles, appliances and weapons. Mallik (2020) states that “steel is one of the most familiar materials in the world, with an industry of productions exceeding 1.3 billion tons a year.”
In advanced countries, the composition of steel is changed slightly to give the desired result. Changes to the composition of steel can cause changes to the properties of the steel, this mainly being the strength. Structural steel includes a broad variety of low carbon and manganese steels. The addition of other elements like Nb, V, Ti and Al makes high strength low alloy steel. This steel is typically used in bridges and large buildings. 
As a building material, steel is used in infrastructure due to its high tensile strength, meaning it is less likely to fracture or fail when under stress compared to other building materials. Steel is also ductile, meaning it has the ability to change shape on the application of force, without fracturing. Steel can also be deformed under compression, meaning it is malleable. Being malleable and ductile allows steel to be categorised as a material that is easy to work with, making it a popular choice in the construction sector. The durability of steel is arguable its most attractive property. Steel has a high hardness value, meaning it can reflect a large amount of strain. Due to its resistance to external wear and tear, steel is long lasting and viewed as highly durable. In addition to this, steel is resistant to rust when certain elements are added to it. This adds to the longevity of the material. Steel is also popular due to its appearance. Many find the silver, shiny appearance attractive. The most widely used steel beam is an I beam, named after the shape of the beam. Since the properties of steel can be affected due to its composition, and the sizing of steel also effects certain properties, the properties of steel beams are defined in Eurocode 3 ‘Design of Steel Structures’. As an example, a table detailing the information needed for the decision as to beam sizes and capabilities is displayed below. 
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Fig 1 – Steel Beam Size Table
5.0 Concrete
Concrete is a mixture of Portland cement, aggregates, water and sometimes admixtures. Concrete is the most commonly used construction material in the world, which is mainly due to its huge range of applications. This is due to the fact that concrete can be placed or moulded into any shape, as well as reproduce any surface texture. Concrete is a very adaptable material, which is used in almost all residential constructions. Concrete’s high strength, durability, versatility and relatively low cost enable it to be the most popular building material currently used. 
Concrete has a range of strengths, grade C10 concrete has a strength of 8 newtons, whereas C40 concrete has a strength of 40 newtons. This range of concrete strength is used to determine the type of concrete that should be used, in respect to the job it is required for. In our case, typically concrete of C40 and above is used, as this concrete class is mainly used for structural and support beams, roadworks and agricultural use. However, although concrete has substantial strength in compression, it is weak in tension. This can be overcome using reinforcement, by means of steel bars. This is then referred to as reinforced concrete. In most instances where concrete is being used as a load-bearing material, reinforced concrete is used. Moreover, concrete is easy to work with. Since it will take the shape of its container, it is easy to be shaped. Concrete is also a durable material. With the sufficient techniques, concrete can withstand fire, acids, water and abrasion. This makes concrete very desirable as it has the ability to withstand so many elements, which is sought after specifically in the construction sector.  A wide range of finishes are attainable through the use of concrete, from glass smooth to coarsely textured. Concrete can also be coloured using pigments or painted. This makes concrete attractive to clients as the ways that concrete can be finished are countless. The Eurocode 2 table of concrete design properties should be adhered to when working with concrete. This table outlines the important properties that should be considered when working with all concrete classes, giving values for each of these. This table is shown below.  
[image: ]
Fig 2 – Concrete Design Properties Table

6.0 The Use of Reinforced Concrete in Beams
As supported by the previous workings, reinforced concrete would be a suitable beam choice to use as a first-floor patio area. As stated in Eurocode 2 ‘Design of Concrete Structures’, reinforced concrete must have a K value of less than 0.168 in order to not require compression reinforcement. As previously calculated, our K value is 0.0038, which shows that no compression reinforcement is needed. When calculating the level of reinforcement, we require an area of 13.11mm². As a level of reinforcement is required, by looking at the reinforcement bar table areas table for concrete, the sufficient bar to use is the 6.0 metric bar size. This bar has a mass per unit length value of 0.222 Kg/m and a cross sectional area of 28.3mm². Based on our calculations for the Z value, this bar is suitable.
This combination of concrete and steel bars gives reinforced concrete great strength. As concrete alone is hard and does not compress, it is categorised as brittle and prone to cracking. However, the introduction of steel bars holds the concrete together, meaning it will not stretch or break as readily. Given that the steel is correctly fitted in the concrete, by using the tables shown and referenced data mentioned above, this combination makes for a material that is perfect for structural uses. Typically, in a reinforced concrete floor two separate layers of horizontal steel bars are embedded in the concrete. With weight introduced to the floor, the floor will attempt to sag. In order to sag, the upper steel bars would have to crumple or compress, or the lower bars would have to stretch or break. By increasing the distance between the upper and lower bars, the strength of the floor is increased. This is because with a larger distance between the bars, the amount of stretching and compression of the steel needed to allow for sag is far greater. The steel used to reinforce the concrete is designed so that it will not fail under the calculated stresses that it is to be under, as well as the concrete being designed to be thick enough to rigidly hold the steel in place and not crack. This combination ensures that the support it offers will not fail, making reinforced concrete a perfect material choice for structural stability in the construction sector. 
[bookmark: _GoBack]As previously proven, reinforced concrete has a high compressive strength in comparison with other building materials. Due to the steel reinforcement, a large amount of tensile stress can be withstood. Reinforced concrete is also weather and fire resistant. As a fluid material, concrete can be economically moulded to fit a limitless range of shapes. Moreover, the maintenance costs of reinforced concrete are low, as it is such a durable material. When compared to the use of steel, reinforced concrete requires less skilled labour, which also saves on costs. However, there are some drawbacks. The tensile strength of concrete is around one-tenth of its compressive strength. Other building materials have a better ratio than this. Also, mixing, casting and curing concrete can affect the final strength of the material.  The main problem associated with reinforced concrete is shrinkage, which can cause crack development, leading to a loss of strength.



7.0 Conclusion
In order to reach a decision as to which material should be used, I will highlight the most important properties of each material and offer my opinion. Dunn (2015) explains that “the key aspect for timber is that its properties are well known and very predictable”. The capabilities of timber are well recorded, with the fact that timber is lightweight, easily worked and generally cheaper than other materials. This makes timber a reasonable choice. Timber has higher structural efficiency as a carried load per unit weight compared to reinforced concrete and steel. Also, a common stud used in house construction has comparable compressive strength to general purpose concrete. The treatment of timber also makes it a very durable material, which is important in our situation. 
Concrete has been used for centuries and structures created in Ancient Greece and Rome still stand to this day. Fourie (2015) states “Structural concrete today allows engineers and architects to design and achieve striking edifices that are as robust as they can be aesthetic. Advances have also led to the more widespread use of precast concrete, which offers great benefits of cost and speed of construction.” Typically, concrete is used in large buildings, but the factors of lower cost and higher speed of construction is still applicable to our scenario. Since concrete is made from commonly available materials (sand and limestone), it is fair to argue that it is more sustainable than using timber. Moreover, the fact that concrete is fire resistant, is also an advantage when compared to timber.
Computer modelling equipment has allowed steel to be produced to strict specifications with minimal rework. This provides faster completion dates. Steel is also structurally efficient, especially due to how strong it is, in relation to its weight.  Steel framing is fire resistant and very durable, meaning it is a long-lasting material. Additionally, more than 95 per cent of all structural steel is recovered and reused or recycled, adding to the sustainability argument for steel. 
The fact of the matter is that all three of the materials are capable of being used as a structural material. Matters such as sustainability or longevity of a material may sway a decision one way or another, but ultimately all the materials are suitable. In the given scenario, timber is the most suited choice in my opinion. This is highlighted by the fact that the bending stress calculations show that timber is more than capable of supporting the given loads, as well as the sheer strength of 1.477N/mm² being far greater than the stress applied value. Where steel and reinforced concrete are widely used in situation where a large load needs to be supported, in the scenario of a first level floor, timber is more suited for this purpose. 





8.0 Reference List

Earth Eclipse – What is Timber?
Author – Arindom (2020)
Online Article - https://www.eartheclipse.com/energy/uses-of-timber.html

Timber vs Steel vs Concrete Structures
Author – Justin Mcgar (2015)
Referenced – Andrew Dunn (2015) chief executive of the Timber Development Association.
Online Article - https://sourceable.net/timber-vs-steel-vs-concrete-structures/

Timber vs Steel vs Concrete Structures
Author – Justin Mcgar (2015)
Referenced - Marianne Fourie (2015) of the International Federation for Structural Concrete
Online Article - https://sourceable.net/timber-vs-steel-vs-concrete-structures/

Civil Engineering – Types of Steel
Author - Saumik Mallik (2020)
Website - https://civiltoday.com/civil-engineering-materials/steel/317-what-is-steel-types-of-steel










9.0 Bibliography

Earth Eclipse – What is Timber?
https://www.eartheclipse.com/energy/uses-of-timber.html
Accessed 12/5/2020

Types of Steel
https://civiltoday.com/civil-engineering-materials/steel/317-what-is-steel-types-of-steel
Accessed 15/2/2020

Timber vs Steel vs Concrete Structures
https://sourceable.net/timber-vs-steel-vs-concrete-structures/
Accessed 18/5/2020


Advantages and Disadvantages of Reinforced Concrete
https://civiltoday.com/civil-engineering-materials/concrete/23-advantages-and-disadvantages-of-reinforced-concrete
Accessed – 20/5/2020












10.0 Appendices

Fig 1 - Steel Beam Size Table
Sourced from - https://www.engineeringtoolbox.com/british-universal-steel-columns-beams-d_1316.html
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Fig 2 - Concrete Design Properties Table
Sourced from - https://eurocodeapplied.com/design/en1992/concrete-design-properties
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