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1.0 [bookmark: _GoBack]Calculations for concrete, steel and timber
Bending Moment Calculation

                                                                            0.9KN                                                   0.25KN/m²



0.81=A                                                                 2.865m                                                              0.81=B

UDL Force = 0.25 x 2.865 = 0.71625
Point Load = 0.9KN
Total Force (downwards) = 0.71625 + 0.9 = 1.62KN
Upwards Force = 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
                                                      = 260,000Nmm
Maximum bending moment for point load
M = 0.81 x 1.4325 = 1.16KN
                                 = 1,160,000Nmm
Add together 1,160,000 + 260,00 = 1,420,000Nmm







Concrete Calculations

About the beam


                                                                             2.865m

Beam span L = 2.856m
Beam width b = 150mm
Beam depth h = 300mm
[bookmark: _Hlk41315622]UDL = 0.25KN/m²
Point load = 0.9KN 

Flow Chart 

1. Start
2. Moment calculated = 1,420,000Nmm
3. Concrete Class ≤ C70/C60 = Yes C40 to be used
4. K = M/Bd² fck = 1,420,000/150x250²x40=0.0038
5. K = K? = Yes 0.0038 ≤ 0.168
6. No compression reinforcement needed 
7. Z=d/z        [1+√1-3.53K]
= 250/2    [1+√1-3.53x0.0038]
= 125        (1+√0.986586)
= 125        (1+0.9932703559)
= 125 x 1.9932703559
= 249.16mm
8. As M/fyd x z = 1,420,00/434.78x249.16
                       = 13.1mm²
9. [bookmark: _Hlk41315705]Use of 1x6mm bar = 1x28.3 = 28.3mm². Even though our answer of 13.1mm² is so small, it still requires a suitable amount of reinforcement.




Steel Calculations

1. Bending moment applied = 1,420,000Nmm
2. Permissible bending stress for steel fy = 460N/mm² 
3. The section modulus required w = m/fy = 
1,420,000/460 = 3087mm³
                           = 3.087cm³
4. 3.087cm³ required, so we look at the final column wy and decide to provide higher at 14.7cm³ which is: UB 127 x 76 x 13.























Timber Calculations

About the beam
Width = 75mm
Depth = 175mm
Strength class = C16
Span = 2.865m
Point load = 0.9KN
UDL = 0.25KN/m²
Moment = 1,420,000Nmm

[bookmark: _Hlk41390239]Table
1. Section modulus of the beam W = 75x(175)²/6 = 382812.5mm³
2. Bending moment applied M = 1,420,000Nmm
3. Therefore, the bending stress applied = Bending moment applied/section modulus of the beam = 1,420,000/382812.5 = 3.71N/mm²
4. Given bending strength of C16 timber from table 1 = 16N/mm²
5. The Kmod value from table 2. Permanent action service class 2
                                                      Kmod = 0.6
6. Material partial safety factor Ym = 1.3
7. Bending strength therefore = Given strength/Ym x Kmod = 16/1.3x0.6
                                                                                                       = 7.385 N/mm²
8. Stress applied (3.71) is less than (7.385) so for bending this beam is OK
9. Shear force applied F = 0.9KN = 900N
10. Cross sectional area A = 75mm x 175mm = 13125mm²
11. Therefore, the shear stress applied T = F/A x 0.81 = 900/13125 x 0.81
                                                                                         = 0.056N/mm²
12. Shear strength given in table 1 = 3.2N/mm²
13. Shear strength therefore = Given strength/Ym x Kmod = 3.2/1.3x0.6
                                                                                                  = 1.477N/mm²
14. Stress applied (0.056) is less than the shear strength (1.477) so the beam is OK.





2.0 Evaluation of reinforced concrete in beams

Reinforced concrete - description
For this section, I will be evaluating the use of reinforced concrete in beams. Designing Buildings Wiki (2019) has provided me with information for reinforced concrete. This material is a versatile composite and is widely used in modern construction. Concrete is a brittle material that is strong under compression but not strong under tension. To increase the strength of concrete, steel rods can be embedded in the concrete before it sets. The steel reinforcement will then resist tensile forces. When concrete and steel are put together, they can resist a number of different applied forces.
[image: Theory | C2.3 Reinforced Concrete Beams | Solid Mechanics II]                                           
Figure 1 
The reinforcement will be placed in areas where the concrete will likely be subject to tension, for our client the beam will be facing tension in the middle of the beam. Prestressed concrete is important as it allows engineering stresses to be placed in concrete members which will counteract the stresses that occur when loads have been placed upon the beam. Prestressed concrete will allow the beam to be more resistant to shock and vibration than normal concrete. The steel used within the reinforced concrete is normally made from 100% recycled scrap, and when the house is being demolished, the steel rods can be separated so they can be recycled again Designing Buildings Wiki (2019). It is vital that reinforcement is placed within the concrete, as concrete on its own will bend and deflect which will lead to the concrete breaking. There is then a possibility of a catastrophic failure of the structure Waekling (2017). The reinforced concrete beams would now be a good load bearing beam. This beam incorporates the properties from both steel and concrete making it a very good choice for the beam in this house. 
Benefits and Limitations
Shojaedin (2016) has provided me with benefits and limitations for reinforced concrete. As I have already stated, reinforced concrete has high compressive strength and can withstand a high amount of tensile stress. A big advantage that is very desirable is that the maintenance cost is very low. The reinforced concrete building system is also much more durable than other building systems. Reinforced concrete compared to steel in structures, requires less skilled labour for construction. This means that costs will be lowered.
However, “the tensile strength of reinforced concrete is about one-tenth of its compressive strength”. There are also many steps to creating reinforced concrete which is mixing, casting and curing. All these steps could affect the final strength if they are not done properly. The reinforced concrete can also be affected by shrinkage, which will cause crack development and strength loss.
Evaluation of concrete calculations 
Under design standards (Eurocode 5) the concrete beam must have a K value of 0.168 or below to not require compression reinforcement. The concrete beam used for this house has a K value of 0.0038 so no compression reinforcement is required. After calculating the value for z, we could then calculate how many reinforcement bars would be required in this beam. As shown, the cross-sectional area needed is only 13.1mm², and the lowest bar to use is the 1x6mm bar = 1x28.3 = 28.3mm². This is very good as not much steel will be required for this reinforced concrete beam, which would lower the cost and complexity of creating the beam. To sum up, this would be a very good beam as no compression reinforcement would be needed, less steel reinforcement would be required, and the durability of this beam would be good if it is designed and laid properly. 
















3.0 Evaluation of steel and timber
Steel – description
Steel is an alloy of iron with carbon and is used generally for structural works and is known for being a fabricating material. According to Total Materia (2020), steel has great formability, durability, good tensile strength and yield strength. These are all good properties that you should look for in a load bearing beam. The most common load bearing beam for steel is something called an I-beam.
[image: Steel I-beams Explained | St. Louis Pipe & Supply]
Figure 2

The I-beam’s design and structure makes it uniquely capable of handling a variety of loads Brakefield (2020). 
Benefits and Limitations
In the construction sector, companies are always interested in recyclable materials that can be used for other jobs.  NWL (2018) state that steel is a recyclable material which plays a big part in reducing construction waste. Steel I-beams are also known for being a durable material. Steel is a strong metal and has a high strength to weight ratio. Compared to stone and wood, steel is capable of withstanding higher stress without fracture. These are some of the many reasons as to why steel is a very desirable material in the construction industry. 
However, steel I-beams are generally more expensive than reinforced concrete and wood beams. The steel itself costs more and the labour costs can be quite expensive, as welders are needed to install the beams. Steel can retain moisture in a structure which can lead to potential rusting. The appearance of the steel will not look very nice when it is left exposed. Warshaw (2020) has given an external disadvantage, and that is the process in which steel is made. The production process of steel beams releases a lot of pollution into the air which is not very good for the environment.
Evaluation of steel calculations
After calculating the section modulus, we were able to decide which beam would be best suited for the client. The section modulus is 3.087cm³ so I picked the smallest beam which was 14.7cm³. This beam would be UB 127 x 76 x 13. As our section modulus is so small, it would seem unnecessary to pick a beam that has 11.613cm³ more than what is required. Unfortunately, 14.7cm³ would be the smallest available to use. Steel is known for its high strength ratio and ability to withstand stress, but in this situation, would the need to have a beam with a higher volume than what is required be necessary? This is one of the big reasons as to why I would not choose steel as a beam for this house

Timber – description
Designing Buildings Wiki (2019) states that timber is the wood at any stage after the tree has been felled. This can be the raw material known as rough timber or the processed material. Timber is known for having good hardness and enough strength to resist structural loads. A big advantage of timber is its appearance and colour. Timber has a nice appearance and looks aesthetically pleasing when it is implemented. 
[image: ]
Figure 3  
Benefits and Limitations
Martin Perry Associates (2019) has provided me with the advantages and disadvantages of timber. Timber beams are known for being versatile and durable. These beams are capable of withstanding harsh weather conditions and are resistant. Timber can be cheaper than steel and concrete beams due to the speed of construction. As mentioned before, timber is a very strong material that can withstand structural loads. However, timber may shrink or swell as it can absorb water. When timber is exposed to water, it can rot and therefore lead to loss of quality. If a fire was to break out, the timber beams can easily catch on fire. Even though timber has many disadvantages, timber is widely used in the construction industry as one of its main advantages is that it is a natural resource, which makes it readily available and more economically friendly.
Evaluation of timber calculations
After calculating the section modulus, I could calculate the bending stress applied. As shown, the bending stress applied (3.71) is less than the bending strength (7.385), so this beam would be OK for bending. After calculating the cross-sectional area, I could calculate the shear stress applied. It is shown that the shear stress applied (0.056) is less than the shear strength (1.477), so this beam would be okay under shear stress. Overall, this would be a very good beam to use as it works under bending and shear stress. 
4.0 Conclusion
To conclude, each building material has its advantages and disadvantages meaning that there is not a perfect material to pick from. The material selection depends on the given project. In my opinion, I would pick the timber beam as it works well under bending and shear stress for this house. Timber also has a nice appearance and looks aesthetically pleasing when it is implemented. Timber can be cheaper than steel and reinforced concrete beams due to the speed of construction. Reinforced concrete and steel beams would be good choices, but I believe for this situation, the beam will not be under a high amount of force. Steel and reinforced concrete would be better suited when the beams are subjected to a higher amount of force. Installation costs for the steel beams would be very expensive due to labour costs and, reinforced concrete beams are much more complex to install than timber beams. So overall, I believe a timber beam would be best suited to this house as it can support the loads acting on it and is much cheaper to construct.
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