Calculations

Concrete Beam

About the Beam

Beam Span: L = 2.8m

Beam Width: b = 150mm

Beam Depth: h = 300mm

About Loads, Forces and Moments

Uniformly Distributed Load: 0.25kN/m²

Point Load (placed in centre of the beam: 0.9kN
From Design Standards (Eurocode 5)
Characteristic Concrete Strength, fck  = 40N/mm²

Concrete Material (safety factor), ymc = 1.5
Therefore design concrete strength, fcd = 
[image: image37.emf] = 
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Reinforcement Yield Strength, fyk = 500N/mm²

Steel Material (safety) Factor, yms = 1.15

Therefore design steel strength, fyd = 
[image: image3.emf]fyk

yms

 = 
[image: image4.emf]500

1.15

 = 434.78N/m²

Bending Moments 
[image: image1.emf]fck

ymc


UDL Force = 0.25 x 2.8 = 0.7kN

Point Load = 0.9kN

Total Force (downwards) = 0.7 + 0.9 = 1.6kN

Symmetrical Upwards Force = 1.6

                                              = A = 1.6 ÷ 2 = 0.8kN

                                              = B = 1.6 ÷ 2 = 0.8kN

Maximum bending moment for UDL
M = 
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 = 
[image: image6.emf]0.25×2.8²
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 = 
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 = 0.175kNm = 175000Nmm

Maximum bending moment for point load 
M = 0.8 x 1.6 = 1.28kNm = 1280000Nmm
Then add these together 1280000 + 175000 = 1455000Nmm
Referring to Figure 3, d = h – nominal cover – link diameter = 300mm – 40mm – 10mm 

= 250mm

K' = 0.168 (Eurocodes)
Flowchart 

1. Start

2. Moment calculated (1455000Nmm)

3. Concrete class ≤C50/C60 = yes, C40 to be used.
4. K = 
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bd²fck

 = 
[image: image9.emf]1455000
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 = 
[image: image10.emf]1455000

375000000

 = 0.0038
5. K ≤ K' ? = Yes (0.0038 ≤ 0.168)
6. No compression reinforcement required.
7. z = 
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= 125 
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                                                                                            = 125 
[image: image16.emf][ 1+ 0.9932703559 ]


                                                                                            = 125 x 1.9932703559

                                                                                            = 249.158mm
8. As = 
[image: image17.emf]M

fyd × z

 = 
[image: image18.emf]1455000
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                         = 13.43131699

                         = 13.43mm²
9. Use 1 of 6mm bar (1 x 6mm bar = 1 x 28.3 = 28.3mm²)

   or use 1 of 8mm bar ( 1 x 8mm bar = 1 x 50.3 = 50.3mm²)
Steel Beam

 (Calculations taken from concrete sheet)
1. Bending moment applied = 1.28kNm + 0.175kNm

                                            = 1.455kNm

                                            = 1455000Nmm
2. Permissible bending stress for steel, fy = 460N/mm²
3. The section modulus required, W = 
[image: image19.emf]M

fy

 = 
[image: image20.emf]1455000
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                                                                    = 3163.043478260

                                                                    = 316.3mm³

                                                                    = 31.63cm³
4. 31.63cm³ required, so we look at the final column of Table 1: Universal Beams which is       

   Wy and decide to provide slightly higher = 32.2cm which is UB 203 x 102 x 23.
Timber Beam
About the Beam
75mm wide by 175mm deep

Strength class C16
About Loads, Forces and Moments
(Taken from concrete calculations)
Bending moment = 1.455kNm or 1455000Nmm
Sheer Force
[image: image36.emf]
0.25 x 2.8 = 0.7kN ÷ 2 = 0.35


0.45 – 0.9 = -0.45
Sheer force of interest as it is point zero is 0.9kN.
Table
1. Section modulus of the beam 
[image: image21.emf]W =75mm × ( 175mm ) ²
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 = 382812.5mm³
2. Bending moment applied M = 1.455kNm = 1455000Nmm
3. Therefore the bending stress applied 
[image: image22.emf]σ m

 = 
[image: image23.emf]1455000Nmm
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 = 3.800816326530612
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4. Given bending strength for C16 timber from table 1 = 16N/mm²
5. The Kmod value from table 2 permanent action service class 2. Kmod = 0.60
6. Material partial safety factor ym = 1.3
7. Bending strength therefore = 
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 x Kmod

                                               = 
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 x 0.6
                                               = 7.385
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8. Stress applied (3.800) is less than the bending strength (7.385). So, for bending, the

   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 
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= 
[image: image29.emf]F

A

 x 1.5 = 
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                                                                                      = 0.10285714
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12. Shear strength given in table 1 = 3.2
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13. Shear strength therefore 
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 x Kmod = 
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 = 1.477
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14. Stress applied (0.102) is less than the sheer strength (1.477). So, for shear, this beam is OK.
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