Problem 1

Fig1.
[image: image1.png]Shaded Area = Area of the rectangle — Unshaded Area




The un-shaded area of figure 1 is a parabola with a vertex at point ( 3.6, 6.2). According to Leithold (1995), the general equation of a regular parabola with radius is (h,k) is given by,

[image: image2.png](v — k) = 4a(x — h)*




Where a is a constant. From figure 1, we can see that the points (0, 2) and (7.2, 2) are in the parabola. After substituting point (0, 2) and the vertex coordinates to the equation of the parabola, we can now solve for the constant a in order for us to use the integrals to calculate the area bounded by the parabola.
[image: image3.png]2—6.2=4a(0—3.6)°




[image: image4.png]a = —0.0810185




Substituting a and the vertex coordinates (3.6, 6.2) to the equation of the parabola

[image: image5.png]y — 6.2 = 4(—0.0810185)(x — 3.6)°




[image: image6.png]y = —0.3241(x —3.6)* +6.2




Solving for the area under the parabola by integration

[image: image7.png]A :f [-0.3241(x — 3.6)? + 6.2]dx
o
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[image: image10.png]Shaded Area = 8m(9.6m) — 34.56m”




[image: image11.png]Shaded Area = 42.24m’




[image: image12.png]Volume of concrete = Shaded Area (Tunnel length)




[image: image13.png]Volume of concrete = (42.24)(7500m)




[image: image14.png]Volume of concrete = 316,800 m®




[image: image15.png]Concrete cost = (Vol.of concrete)(cost per unit volume)




[image: image16.png]£120,
Concrete cost = (316,800 m*)(—5-)
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[image: image17.png]Concrete cost = £38 016 000




Fg2.
Another very accurate approach to solving figure 2

To find the shaded region to be occupied by concrete we have to subtract the un-shaded region
The un-shaded region constitute of a semi-circle and a rectangle

Area of a semi-circle is [image: image19.png]



     


  = ½ ×22/7×3.652




     = 20.9354m2

Area of rectangle is = L × W



       = 7.3 × 5

                                   = 36.5m2
Total area of the un-shaded region = Area of a semi-circle + Area of rectangle


                                                                = 20.9354m2 + 36.5m2


                                                                = 57.4354m2

Area of shaded region = total area of design - area of the un-shaded region

                                         = (12.7 × 12) – (57.4354m2)  

                                         = 94.9646m2 
Volume of concrete = Area of shaded region × length


                     = 94.9646m2 × 7500m



       = 712234.5m3

Cost of concrete      = 712234.5m3 × 120/m3 

                                   = £ 85,468,140

Fig 3.
Area of the two un-shaded parts consist of a part of a circle and a triangle bounded by 1100
According to Tussy and Gustafson (2002), formula to find Area of such a curve is = 2* θ/360* πr2, θ is the angle size between the two lines that join the curve.

Area of Two parts of the circle (sectors)=2 * 250/360* 22/7 *2.12
Area=2* 9.625 = 19.25M2
Area of the two triangles= 2* ½ * 2.1*2.1*sin (1100)





= 2*2.0720





= 4.144M2
Total area of the un-shaded = Area of the two triangles + Area of the two sectors 





= 19.25 + 4.144





=23.394M2
Area of the rectangle= L*W



         = 6*11



         =66M2
Area of the shaded part= Area of the rectangle – Area of the un-shaded parts




= (66 – 23.394)M2



=42.606M2
Volume of the concrete =[ Cross-sectional Area * Length of the tunnel]




= 42.606 * (7.5 *1000)




=(42.606 * 7500)M3



= 319544.67M3
The resultant concrete cost = [Volume of the concrete * the cost of concrete per M3]




       = 319544.67 * £120




       =£ 38,345,360
SUMMARY
	TUNNEL
	I
	II
	III

	COST (£)
	38,016,000
	85,468,140
	38,345,360


CONCLUSION
According to calculations using mathematical formulas given by Tussy and Gustafson (2002) and Leithold (1995) in their publications, it is evident that the three designs have got different concrete costs. However, I would choose figure 1 design, since it costs the least amount of money among the three proposed tunnels to be constructed.
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