Mathematical Bridge 

Worksheet 1
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Figure 1

1. Using the Radius, R and the segment angle, θ, how do you calculate the span, S?


Split the triangle shown into two right-angled triangles with angle θ/2, opposite length S/2 and hypoteneuse length R.


=>>  S/2 = R sin(θ/2)     S = 2R sin(θ/2)

2. How would you calculate the clearance, C?


C is the radius of the circle minus the adjacent length of the triangle in the previous question


=>>
C = R - R cos(θ/2)

3. If the angle of the bridge segment is 90˚ and the span needs to be 8.5m, what would the radius of the circle be? What would the clearance be?


Need to rearrange the equation from 1. 


>>
R = S/(2sin(θ/2)) = 8.5/(2sin45) = 6.01m


C = R - R cos(θ/2) = 6.01 – 6.01cos45 = 1.76m

4. There are 8 equally spaced radial members in this bridge, what is the angle between them(to 1 decimal place)? 


Angle, A = θ/(n-1) = 90/(8-1) = 90/7 = 12.9˚

5. The tangent members touch the circle at the base of one radial member and intersect the handrail at the top of the next-but-one radial member (see fig 2), what is the length of the radial members d and of the tangent members, L?










Figure 2


tan(2A) = L/R
>>
L = Rtan(2A) = 6.01tan25.8 = 2.91m


Pythagoras >>

(R+d)2 = R2 + L2 = 6.012 + 2.912 = 44.5882





>> R+d = 6.68
>> d = 6.68 – 6.01 = 0.67m

6. Find the lengths IT and IR, the distance along the tangent and radial members to the intersection shown in figure 3.

tan(A) = IT/R
>>


IT= Rtan(A) = 6.01tan12.9 = 1.38m

Pythagoras 

>> (R+IR)2 = R2 + IT2 = 6.012 + 1.382 = 38.0245


>> R+IR= 6.17



>> IR = 6.17 – 6.01 = 0.16m









Figure 3.

7. How long are the handrails between each radial member, H?



Use the same equation as for span S = 2R sin(θ/2)


>> H = 2R sin(A/2) = 2 x 6.01sin6.45 = 1.35m

8. In the design and construction industry, dimensions are often written in millimetres. Convert all of the measurements to millimetres and write them in standard form below.



R = 6010mm



S = 8500mm



C = 1760mm



d = 670mm



tangent member length, L = 2910mm



handrail length, H = 1350mm



length to intersection along tangent member, IT = 1380mm



length to intersection along radial member, IR = 160mm

9. You are asked to build a model of this bridge at 1:20 scale, what will the measurements of the model be to the nearest millimetre?



R = 301



S = 425



C = 88



d = 34



tangent member length, L = 146



handrail length, H = 68



length to intersection along tangent member, IT = 69



length to intersection along radial member, IR = 8


Draw a plan of the bridge and work out how many straws of each length are required. Construct the bridge by measuring out 8 straws to length (R+d) and lay them out to the right angles, stapling them together at the centre of the imaginary circle. Construct the bridge onto this then cut away the excess length of the radials. You will need to construct two trusses and a bridge deck of appropriate width. You may want to use glue to attach an art straw to the inside edge of each truss then glue the bridge deck to this or find your own way to connect the bridge deck.
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