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1.0 Introduction
A client is constructing a residential property which requires various load bearing beams. Access is to be provided to a flat roof which will be used as a patio area. Calculations and design solutions for various steel, concrete and timber beams have been requested by the local authority building control. Three beams will be designed; one steel, one concrete and one timber.
2.0 Concrete
Concrete is made when water, aggregates and cement is mixed together. The water and cement form a paste that coats the aggregate and then hardens and binds them together.
2.1 Properties of Concrete
Hardened concrete has various properties such as; mechanical strength, durability, fire resistance, thermal insulation, porosity and density. The best property of concrete is its compressive strength which varies between 3000 – 6000 psi (Pounds per Square Inch). The tensile strength of concrete is very poor in comparison to its compressive strength; the tensile strength varies between 300 – 700 psi.
Concrete is extremely resistant to environmental issues such as frost, rain etc. This material is best-suited for structures which are exposed to extreme conditions. Concrete as a material does not burn and is proven to have a high degree of fire resistance. Although concrete is not the best thermal insulator, the heat loss/gain through concrete is a lot less significant as heat transmission through other home components such as doors and windows. The denser (less porous) the concrete is, the better its performance and durability is. 
There are also two types of shrinkage that can occur in concrete which are; initial and plastic shrinkage. Initial shrinkage occurs during construction of the structure sue to drying out of moisture. Plastic shrinkage occurs after concrete has been placed due to settlement of large solid particles by gravity action and due to this, the water within the concrete rises to the surface. Shrinkage will not occur as long as the rate of evaporation is lower than the rate of bleeding.
2.2 Concrete Beam Design and Calculations
Beam span L = 6m
Beam width b = 150mm
Beam depth h = 300mm
The uniformly distributed load (UDL) is 0.3kN/m² and the point load is 1.2kN.1.2kN
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The following figures have been taken from the design standards (Eurocode 5):
· Concrete material safety factor – Ymc = 1.5
· Concrete strength – fck = 40N/mm²
This means that the design concrete strength – fcd = fck / Ymc = 40 / 1.5 = 26.67N/mm²
The following figures have been taken from the design standards (Eurocode 5):
· Steel material safety factor – Yms = 1.15
· Reinforcement yield strength – fyk = 500N/mm²
This means that the design steel strength – fyd = fyk / Yms = 500 / 1.15 = 434.78N/mm²
The bending moment:
UDL force = 0.3 x 6 = 1.8kN
Total downward force = UDL force + Point load = 1.8 + 1.2 = 3kN
As the beam is symmetrical the upward force must equal the downward force, therefore:
A = 3 / 2 = 1.5kN and B = 3 / 2 = 1.5kN
The maximum bending moment for the UDL:
W x L² / 8 = 0.3 x 6² / 8 = 10.8 / 8 = 1.35kNm
1.35kNm is equivalent to 13500000Nmm
The maximum bending moment for the point load:
1.5 x 3 = 4.5kNm
4.5kNm I equivalent to 45000000Nmm
Total together = 13500000 + 45000000 = 5850000Nmm
The following figures have been taken from the design standards (Eurocode 5):
· Link reinforcement diameter = 10mm
· Nominal cover for reinforcement = 40mm
· K’ = 0.168
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All with reference to Figure 3 which has been taken from Eurocode 2
This means that d = h – nominal cover – link diameter = 300 – 40 – 10 = 250mm
The concrete class ≤ C50 / C60 = Yes as C40 is to be used.
K = M / bd²fck = 5850000 / 150 x 250² x 40 = 5850000 / 375000000 = 0.0156
Is K ≤ K’ ? Yes as 0.0156 ≤ 0.168
No compression reinforcement is required
Note – the brackets () mean square root 
Z = d / 2 [1 + (1 – 3.53 x K)]
Z = 250 / 2 [1 + (1 – 3.53 x 0.0156)]
Z = 125 [1 + (0.944932)]
Z = 125 x 1.944932
Z = 246.509mm
As = M / fyd x Z = 5850000 / 434.78 x 246.509
As = 54.58mm²
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Table 1 – Reinforcement bar areas
Therefore, with reference to Table 1, use either:
 1 x 10mm bar = 1 x 78.5 = 78.5mm²
2 x 8mm bar = 2 x 50.3 = 100.6mm²
Or 2 x 6mm bar = 2 x 28.3 = 56.6mm²



3.0 Steel
Steel is an alloy of iron with carbon content.
3.1 Properties of Steel
Steel has various mechanical properties such as formability and durability, tensile and yield strength, thermal conductivity and stainless steel is resistant to corrosion. This material has a high density of 7.9g/cm³ and is extremely flexible. Unlike concrete, steel has high tensile and yield strength. It can withstand various applied forces without losing its shape. 
In comparison to concrete, steel is less resistant to fire however; it is the lightest out of all materials when it comes to them being fully constructed beams. Out of all the materials considered, steel has the lowest ratio of strength to weight. Even though it is less fire resistant, due to its iron and carbon content, it has the ability to rapidly cool down from high temperatures using either water or oil. This material is also versatile meaning; it can be moulded into any shape.
3.2 Steel Beam Design and Calculations
The overall design of the beam is the same drawn for concrete.
The bending moment applied is the same calculated for concrete = 5850000Nmm.
The permissible bending stress for steel which is given in the Eurocode 5 - fy = 460N/mm² 
The section modulus required:
W = M / fy
W = 5850000 / 460 = 1271.7mm³
[image: ]1271.1mm³ is equivalent to 12.717cm³ and due to this being required, as shown in the final column of Table 2 (wy), the decision is to provide a slightly higher than 12.717cm³ which is UB 127 x 76 x 13.








Table 2 – Universal beams


4.0 Timber
Timber is a type of wood which has been processed into beams and planks.
4.1 Properties of Timber
Timber has various mechanical properties such as strength, durability, hardness, permeability etc. This material is durable enough to resist certain chemical, biological and physical agencies however, it is weak to certain acids and alkalis. The strength of timber varies but it should be strong enough to take various loads, especially within beams. 
Timber is not deemed to have high permeability percentage and it usually only absorbs 10% of water by its weight. This material does face the risk of fungal attack if too much water and moisture is absorbed. Timber with heartwood tends to be harder and resist against stronger penetrations. This material is also tough enough to resist against sudden shocks and vibrations. Timber is easy to work with and can be cut into various required shapes and does not split when being cut or drilled.
Timber is considered to be a heavy material as the heavier it is the better the strength and other properties are. In comparison to concrete and steel, timber has a low fire-resistance and even though dense wood is more fire resistant, it is only to a certain limit. Timber does not deteriorate easily against mechanical wear or abrasion. 
4.2 Timber Beam Design and Calculations
The overall design of the beam is the same drawn for concrete.
The bending moment applied is the same calculated for concrete = 5850000Nmm.
The sheer force is given below:
0.6 The overall design of the beam is the same drawn for concrete.
The bending moment applied is the same calculated for concrete = 5850000Nmm.

1.5 The overall design of the beam is the same drawn for concrete.
The bending moment applied is the same calculated for concrete = 5850000Nmm.



0.6 The overall design of the beam is the same drawn for concrete.
The bending moment applied is the same calculated for concrete = 5850000Nmm.


-1.5 The overall design of the beam is the same drawn for concrete.
The bending moment applied is the same calculated for concrete = 5850000Nmm.



The sheer force of interest as it is point zero is 1.2kN.
The following figures have been taken from the design standards (Eurocode 5):
· Section modulus of the beam – W = 75 x (175)² = 382812.5mm³
· Bending moment applied – M = 5850000Nmm – taken from concrete calculations
This means that the bending stress which will be applied – Ϭm = M / W = 5850000 / 382812.5 = 15.2816327N/mm²
[image: ]








Table 3 - Strength properties for C16 timber class
[image: ]The bending strength of C16 timber, as shown in table 3, is 16N/mm²





Table 4 – Kmod values from Eurocode 5
The Kmod value given from the Eurocode 5 for solid timber, service class 2 is 0.6.
The safety factor for timber – Ym = 1.3
The bending strength is calculated by = given strength / Ym x Kmod
= (16 / 1.3) x 0.6 = 7.385N/mm²
The sheer force applied – F = 1.2kN
The cross sectional area is calculated as A = 75 x 175 = 13125mm²
This means that the shear stress applied is – F / A x 1.5 = 1200 / 13125 x 1.5 = 0.13714285N/mm²
The shear strength shown in table 3 is 3.2N/mm².
The shear strength is calculated by = given strength x Kmod / Ym
3.2 x 0.6 / 1.3 = 1.477N/mm²
The shear stress applied (0.137) is less than the shear strength (1.477) so the beam is fine to use.
5.0 Reinforced Concrete within Beams
There are various benefits from using reinforced concrete within beams such as:
· The reinforced concrete can increase compressive strength within the material
· Reinforced concrete is also fire and weather resistant
· It provides a more durable beam and the maintenance cost is low
· It acts like a rigid member with minimum deflection

6.0 Conclusion
All beam designs given should work and they all follow the design standards however, they all have their advantages and disadvantages. When comparing steel and concrete, reinforced concrete with steel is much better than either of them separately. Concrete is extremely strong in compression but has no tensile strength, in comparison to steel; concrete can take very high temperatures for longer periods. Steel does tend to be the cheaper option and offers certain aesthetics that concrete cannot. When comparing steel with timber, both beams will provide similar support and will carry similar weights. When it comes to durability, steel is the better option because timber can have moisture problems and is known to rot. Therefore choosing steel with reinforced concrete could support all of these factors and provide the best beam for this property.
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Dimensions Momentof | Section
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©
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UB127x76x 13 127 76 4 165 13 473 55.7 745 147
UB 152x89x 16 1524 88.7 45 203 16 834 896 1095 202
UB 178 x 102 x 19 177.8 101.2 48 243 19 1356 137 1525 27
UB 203 x 102 x 23 203.2 101.8 54 294 231 2105 1639 2072 322
UB 203 x 133 x 25 203.2 1332 57 32 251 2340 307.6 2303 462
UB 203 x 133 x 30 206.8 1339 64 382 30 2896 3847 280 575
UB 254 x 102 x 22 254 101.6 57 28 22 2841 1193 2237 235
UB 254 x 102 x 25 257.2 101.9 6 32 252 3415 1487 2655 292
UB 254 x 102 x 28 260.4 102.2 63 36.1 283 4005 1785 307.6 349
UB 254 x 146 x 31 2514 146.1 6 39.7 311 4413 4475 351.1 613
UB 254 x 146 x 37 256 146.4 63 472 37 5537 570.6 4326 78
UB 254 x 146 x 43 2596 1473 72 548 43 6544 6774 504.1 92
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Table 1:
Strength properties for C16 strength class Timber
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Metric bar Mass per Nominal Cross

size unitlength  diameter  sectional area
(Kg/m) (mur’)

60 0.2 6

80 0395 8

100 0617 10

120 0.888 12

160 1579

200 2467

250 3855

320 4830

400 9.868

500 15413

Note: Sizes 14 and 28 arc excluded as they are not normally uscd.





