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Introduction

In construction, mathematics and statistical methods are pivotal. They are used extensively in description of structures, their areas, volumes, elevations, calculation of construction, material properties such as length, and composition among others. Take for instance, trigonometry, volume and area, statistical data analysis and hypothesis, statistical distributions such as the normal, binomial, t, z and f distribution among other concepts. 
Part 1.1 (Dimensional calculations):  
You have been asked to calculate the paving required around a communal pool design within a local hotel project.

The area surrounds a swimming pool and is to be designed using a series of rectangular and square sections.

At the corners of the paved area, there are 4 squares, (x by x metres squared). Next to the longest sides of the pool, the paving has dimensions y meters long by x metres wide, and adjacent to the shortest sides, the paving has dimensions of x metres long by x metres wide.
                                Paved area (pool in middle)
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Cross section area of swimming pool
a) What equation could be applied to calculate the total area of the paving?
 A=6x^2 +2xy m^2

b) If x = 7.75m and y = 14.5 m, what would be the total area of the paving?
x=7.75m, y=14.5m
A=6x^2 +2xy

A= 6(7.75) ^2 +2(14.5)

A=389.375m^2

c) The uniform depth of the original pool is 2.5m. The client decides to extend the pool to add a children’s area 6m long, 1.25m deep, with a sloping transition for safety. How much soil should be excavated and removed in tonnes for the extension?
Volume of soil excavated will be equal to the volume of the extension of the swimming pool.

Volume= cross-sectional area * length

              = {[½ (2)*(1.25+2.5) + (1.25*4)] * (7.75)}

             = 8.75 * 7.75

              =67.8125 m^3 of soil is removed

d) Calculate the cross section area and volume of the pool after the extension in [image: image3.png]


.

i)  Total cross-section area of the pool after extension = cross-section of the pool before extension before + cross-section of the extension.

                                                                                              = (14.5*2.5) + (8.75)

                                                                                              = 45m^2.

ii) Total volume of pool after extension= total cross-section*length

                                                                       =45*7.75

                                                                    =348.75m^3

e) To enhance the children’s area at the hotel, a swing will also be installed within a park nearby to the pool area. The client has asked for analysis calculations to assess the potential energy of the swing. You must produce an equation to check this is dimensionally correct, by assessing the potential energy (E) kg.m2/s2; where m is the mass, g is acceleration due to gravity (m/s2), and h is the height (m). 
The work done when a child swings from the initial swing position will be equal to the swings potential energy.

Work done = potential energy




= force *distance

Force of a body = mass*acceleration due to gravity



=m*g

Let distance be = height, h

Potential energy = m*g*h



=mgh
Part 2 (Arithmetic & Geometric Progressions): 
a) A ground investigation company has been employed on site to bore a hole 80m deep. Estimate the cost of the boring if the price is £30 for drilling the first metre, with an increase in costs of £2 per metre for each succeeding metre thereafter. 
Apply arithmetic methods to demonstrate your understanding.

Solution.

The cost in each foot form an arithmetic progression with 80 terms

First term= 30

Common difference=2

Cost of drilling 80 m = sum of the 80 terms of the A.P




= 80/2[(2*30) + (80-1)2]




= £ 8720

b) The boring machine has 8 speeds ranging from 100 revs per minute to 1,000 revs per minute. If the speeds form a geometric progression, determine their values, each correct to the nearest whole number.

Apply geometric methods to demonstrate your understanding.

Solution

The 8 speeds form geometric progression 

With the 8 terms (if the first term a=100 ns the common ratio=r) which are;
a, ar, ar^2, ar^3, ar^4, ar^5, ar^6, ar^7.

a=100, ar^7=1000 the r= (1000/100)^1/7
r=1.3895

Replacing r and a in the general terms gives;

100, 139, 193,269,373,519,721. Which are the speeds of the boring machines.

Part 3 (Exponential, Trigonometric & Hyperbolic Functions):

Exponential Growth

NCD Construction paid a rate of £12.14 per hour for a site operative at the end of 2017. The hotel project is due to be completed by the end of 2023. If the rate of pay is estimated to increase by 3.5% annually, how much will the hourly rate be for an operative in the final year of the project?

Plot a graph to scale to illustrate your findings.
	2017
	2018
	2019
	2020
	2021
	2022      2023

	12.14
	16.39
	22.13
	29.87
	40.32
	54.44    73.49
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Applying the exponential growth equation,
Hourly rate (2023) = 12.14(1.035) ^6




= £73.49 per hour

Trigonometric

A car park is going to be constructed within the hotel grounds 25m away from the building. Security cameras will be installed on top of the hotel during the construction phase of the project you have been asked to perform a design check to ensure that the car park will be situated in range of the hotel’s camera system. The hotel is 20m tall and the camera has a distance range of 35m with a maximum rotation angle of 60˚. Will the car park be covered by the security cameras at its proposed location?

The adjacent distance that is within the cameras range is given by;

=35cos 60
= 25m

Since the car park is constructed 35m from the wall of the hotel and the cameras which is 25m then the car park is within range. 

Hyperbolic

An electric power cable hangs over the works area within a catenary fashion, with a shape that equates to the following:
y = cosh ([image: image6.png]


)
Using appropriate computer software, find the value of y when t = 20 (to 4 s.f)
At t=20,

y=1.128
Plot a graph to illustrate your values of (t) ranging from -40 to +40 in multiples of 4
	T
	-40
	-32
	-24
	-16
	-8
	0
	8
	16
	24



	Y
	1.543
	1.337
	1.186
	1.081
	1.020
	1
	1.020
	1.081
	1.186


	32  
	40

	1.337
	1.543


A graph of t against y.
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Part 4: Mean, Standard Deviation & Probabilities within Binomial and Normal Distributions

	
	You have been asked to analyse the concrete strength test results to check the material is up to standard during the hotel construction. Concrete strength is usually related to its strength at 28 days based on the load that a standard cube of concrete can sustain when tested in compression in a compression testing rig.  This load is converted to stress by dividing the load at failure by the surface area of the cube. The strength of the concrete (fc) is then quoted in terms of N/mm2 and typical strengths will vary from as low as 20 N/mm2 to more typically of the order of 30 N/mm2 whilst, with modern concrete technology, strengths as high as 90 to 100 N/mm2 are possible. Such high strengths have facilitated the construction of very tall buildings such that the very high loads and hence stresses at the lower floor levels can be sustained by this high strength concrete. 
Data

Data

Cube No.

fc (N/mm2)

Cube No.

fc (N/mm2)

1

36.64

21

32.47

2

40.96

22

34.29

3

27.42

23

32.09

4

35.21
24

24.89

5

41.44

25

27.67

6

34.94

26

33.78

7

26.32

27

38.61

8

41.14

28

35.23

9

37.36

29

31.31

10

31.64

30

29.39

11

41.42

31

24.39

12

37.53

32

42.99

13

23.34

33

32.69

14

36.43

34

37.16

15

31.81

35

36.49

16

33.65

36

42.87

17

33.88

37

37.54

18

38.19

38

28.61

19

34.79

39

37.37

20

24.81

40

31.22

The above data contains the results for a series of 40 tests. You are required to summarise this data and calculate the following:
(a) the mean strength (P4)
mean= 1359.98/40

=34

(b) the standard deviation for the results (P4)
=5.284
(c) the percentage of blocks which fall between +/- one standard deviation (P5)
16. 42%
(d) estimate the probability that the strength of a given concrete cube will exceed 37 N/mm2  (P5)
32.5%
(e) apply binomial distribution methods to determine the probability of testing a cube which will exceed 37 N/mm2  within the next 5 tests (P5).
32.5%
Part 5: Hypothesis Testing

You have been asked to interpret data from a hypothesis test. 
A test was conducted for two proportions to evaluate if they are the same. Within the laboratory, an R&D project was developed to assess a newly designed concrete in two batches, samples A and samples B. A batch from sample A evaluated that 51 designs from a sample of 190 models was successful. However, a batch from sample B determined 323 simulated models succeeded in a sample of 601.

The null hypothesis (H0) for the test is that the proportions are the same, and the alternate hypothesis (H1), is that the proportions are not the same.

Use a 5% alpha (confidence) level to determine if the two batches are comparable? 

Present your findings in the form of a report, illustrating all steps of your method before assessing if the data is comparable, in terms of accepting or rejecting the ‘null hypothesis’
Step 1; stating the null hypothesis
Ho: p1=p2, H1:p1 ≠ p2

Step 2; compute A, B

A= 51/190=0.27 B=323/601=0.54

Step 3; find p, we need to state the stated claims to decimal

Claim A; (1-0.27)= 0.73 claim B; (1-0.54)= 0.46

Step 4; Calculate the test value

=0.73-0.46= 0.27

 Step 5 calculate the p value

=0.500-0.460

=0.04

Step 6 compare the p value with the alpha value.

0.04  < 0.05

We thus have enough evidence to reject the null hypothesis.

Conclusion.
Based on the above problems tackled, the importance of mathematical and statistical methods and concepts in construction cannot be overlooked.
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