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[bookmark: _Toc103009507]1. Introduction
This report shows a plan proposal for a major road reconstruction around the city campus at UWTSD. As part of the exercise, we undertook a levelling survey along the route between two locations. The levelling exercise was between two points taking the spot levels of 29 survey stations. Between the two points, intervals of 20m distances were recorded.
Throughout this report, I will also be explaining the step-by-step involvement in carrying out the levelling exercise undertaken by the group. Also be given an explanation and underlining the equipment which was used in carrying out the survey with data sourced and collected. 
Additionally, I will be also processing and plotting the reduced levels of the points using rise and fall method. By completing this procedure, I can then estimate the volume of earth involved assuming the slope of the proposed road with a straight line connecting the reduced level of the temporary benchmark with the reduced level of the final location. Based on the result gathered from the report, a decision will be made for the quantity of earth added or deducted. 
[bookmark: _Toc103009508]2. Aims and Objectives
My aims and objectives throughtout this pratical session was to have a greater understanding on how lvelling is undertaken and to know how the instruments are set up such as using an automatic level, setting up the tripod stand and using a staff. I felt doing it in a pratical session would be more beneficial for my knowledge rather than reading from books or powerpoint slides. Also it benefits me to analayse data as I was the one undertaken the works.

[bookmark: _Toc103009509]3. General overview of levelling surveying
Levelling is the process of measuring geodetic elevation with an optical levelling equipment and a numbered level staff. The most popular tools used to identify the levels are dumpy levels, digital levels, and laser levels. The phrase "levelling" refers to the process of establishing the relative height of locations on, above, and below the surface. The fundamental goal of levelling is to obtain a horizontal line along which the vertical distances of the locations can be measured. Many different types of construction use levelling technique, whether that be on highways, railways and for drainage. This method can be used to determine the amount of earthwork necessary for the project's removal or addition. (Muskett, 1995)
There are numerous reasons on why levelling would need to be undertaken. Levelling is used to determine the variation in height between two or more spots. Its also specifies spot levels and delivers data for quantity of earthworks. (Muskett, 1995)
In the United Kingdom, level principles are frequently referred to ordnance (survey) datum, which means sea level at Newlyn (Cornwell, England) which was founded during the dates of 1915 and 1921. (Muskett, 1995)
[bookmark: _Toc103009510]3.1 Terms used in levelling
· Level surface: A level surface is described as a curved surface which at each position is vertical to the direction of gravity at the point. (Blog, 2022)
· Level line: A level line is a line lying in a level surface. (Blog, 2022)
· Horizontal plane: A horizontal plane through a point is a plane oblique to the level surface at that point. (Blog, 2022)
· Horizontal line: It is a straight line lateral to the level line at a point. (Blog, 2022)
· Vertical line: It is a line normal to the level line at a point. (Blog, 2022)
· Datum: Datum is any surface to which heights are referred. (Blog, 2022)
· Elevation: The elevation of a point on or nearby the surface of the earth is a vertical distance over or beneath a subjective assumed level surface or datum. (Blog, 2022)
· Vertical angle: Vertical angle is an angle between two intersecting lines in a vertical plane. (Blog, 2022)
· Benchmark: It is a permanent point of reference whose elevation with respect to an existing datum. (Blog, 2022)
· Temporary Benchmark – A temporary benchmark set up by the surveyor. (Blog, 2022)
· Change Point – A new point, which is previous point from, where the backsight and foresight are taken. (Muskett, 1995)
· Intermediate Sight – The readings between a back site and foresight. (Muskett, 1995)
· Backsight – The first reading of the instrument set up. (Muskett, 1995)
· Foresight – Final reading from the instrument. (Muskett, 1995)


[bookmark: _Toc103009511]4. Equipment used in levelling.
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Figure 1 (Beginners, 2022)
Automatic Level
An automatic level is a visual instrument used to determine points in the same horizontal plane during the levelling process. It is used in combining with a levelling staff to determine the relative heights of objects or marks. It is commonly used in surveying and construction to calculate the height differences as well as to transfer, measure, and set the heights of known objects. (Beginners, 2022)
[image: See the source image]
Figure 2 (Indiamart, 2022)
Tripod
The tripod acts as support for the automatic level which will then be fixed on top. Tripods have three legs which can be extended or lowered as required. (Buildings, 2021)


[image: A picture containing measuring stick, tool

Description automatically generated]
Figure 3 (FFX, 2022)
Measuring Tape
Tape measure used to gather distances between each point.
[image: See the source image]
Figure 4 (Equipment, 2022)
Levelling Staff
A levelling staff is an instrument used to define the change in height between two points. A levelling staff, also known as the staff rod or levelling rod are the staff readings may be taken directly by the instrument. (Seek, 2022)





[image: See the source image]
Figure 5 (Survey, 2022)
Chartwell Survey Book
This survey book is designed to write down the distance, reduced level and collimation of the data collected. (Equipment, 2022)
[bookmark: _Toc103009512]5. Levelling procedure 
Below is a table of the people involved carrying out the group level survey.
End
Datum

	Kamran Davies

	Sam Tucker

	Dylan Pugh

	Mark Robinson



[image: Graphical user interface, map

Description automatically generated]+-
Figure 6 (Maps, 2022)
Figure 6 shows a bird’s eye google map snippet of the area surveyed. The path identified in yellow was the route undertaken by the levelling survey team.
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Figure7Step 1 – Set up the tripod and adjust to a comfortable position. The legs can be adjusted to suit the height of the person. 
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Description automatically generated]Step 2 – Once the levelling tripod is set a comfortable position, the automatic level may be fixed to the top of the tripod.

Figure 8
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Description automatically generated]Step 3 – After the automatic level is fixed to the tripod, check to see if it is sitting level. As seen in figure 9, the automatic is out of level.

Figure 9







[image: A picture containing outdoor, person, ground, person

Description automatically generated]Step 4 – Start to level up the automatic level. If there is minor adjustments to be made, then this can be done on the instrument itself. By turning the foot screws, this will then get the automatic level.

Figure 10

[image: A picture containing yellow

Description automatically generated]Step 5 – As seen in figure 11, the bubble is now in the circle. Confirming that the automatic is now sitting level.

Figure 11
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Description automatically generated]Step 6 – Figure 12 shows where the booking of the datum point is. 

Figure 12








[image: A picture containing road, outdoor, sky, person

Description automatically generated]Step 7 – Figure 13 shows the surveyor taking the first reading which then identifies as the first backsight.

Figure 13
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Description automatically generated]Step 8 – Once the Datum reading was taken, the staff was the moved to next point which then becomes the intermediate point. 

Figure 14
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Description automatically generated]Step 9 – spacings of a maximum of 20 metres were measures to continue on with our survey. 

Figure 15

[image: A sign on the ground

Description automatically generated with low confidence]Step 10 – This process was continued throughout the survey. 

Figure 16
[image: A picture containing outdoor, grass, sky, person

Description automatically generated] Step 11 – The third reading booked was the foresight. This is because it was the last position of the staff before the instrument is moved.


This process was then complete over seven instrument changes. This was an open traverse survey as we ended not at the datum. Closing the survey back to its known datum point would then be a closed traverse survey.

[bookmark: _Toc103009513]5.1 Levelling Errors
There are a number of potential errors that could potentially affect the data recorded. They are as follows:
· Careless levelling of the instrument – Making sure that the instrument should be correctly levelled whilst taking the readings. (Notes, 2022)
· The bubble not being central at the time of taking reading - The most serious and widespread source of error is this. Before and after each reading, the position of the bubble should be checked. If necessary, a levelling screw should be used to bring the bubble to the centre of its course, as close to the telescope as possible. (Notes, 2022)
· Levelling staff not being held vertically - This inaccuracy is much more pronounced for larger staff readings, The larger the staff reading, the larger the error. When taking greater readings, extreme caution should be exercised. This inaccuracy can be prevented by maintaining the staff vertical by attaching a spirit level to it. (Notes, 2022)
· Wind - The vibration of the instrument makes it very difficult to perform the correct readings in the wind. If levelling must be done in the wind, make suitable measures to protect the instrument and avoid taking bigger readings due to the difficulties in keeping the staff upright. (Notes, 2022)
· Sun - On bright sunny days, the difficulty from the glare from the sun could impair your vision for the staff readings. (Notes, 2022)
· Communication – Wrong readings given.
· Cross hair confusion – Wrong cross hairs used through automatic level such as using the top instead of middle.

[bookmark: _Toc103009514]5.2 Correction Of Levelling Errors
By checking if the calculations are correct, by following this formula this will identify if the readings are correct or incorrect. 
(BS) - (FS) = Last RL – First RL
(IS) + (FS) + (RLs except first) = (each HPC x no of applications)
[bookmark: _Toc103009515]6. Computation and plotting of level
	Backsight
	Intermediate
	Foresight
	Rise/Fall
	Reduced Level
	Remarks 

	1.170
	 
	 
	 
	508
	1 (Datum)

	 
	1.417
	 
	-0.247
	507.753
	2

	1.411
	 
	1.502
	-0.085
	507.668
	3 (Change Pnt)

	 
	1.325
	 
	0.086
	507.754
	4

	1.542
	 
	1.285
	0.040
	507.794
	5 (Change Pnt)

	 
	1.309
	 
	0.233
	508.027
	6

	 
	1.309
	 
	0.000
	508.027
	7

	 
	1.305
	 
	0.004
	508.031
	8

	1.210
	 
	1.309
	-0.004
	508.027
	9 (Change Pnt)

	 
	1.212
	 
	-0.002
	508.025
	10

	1.340
	 
	1.286
	-0.074
	507.951
	11 (Change Pnt)

	 
	1.198
	 
	0.142
	508.093
	12

	 
	1.218
	 
	-0.020
	508.073
	13

	1.261
	 
	1.220
	-0.002
	508.071
	14 (Change Pnt)

	 
	1.265
	 
	-0.004
	508.067
	15

	 
	1.430
	 
	-0.165
	507.902
	16

	 
	0.975
	 
	0.455
	508.357
	17

	 
	1.380
	 
	-0.405
	507.952
	18

	1.543
	 
	0.512
	0.868
	508.820
	19 (Change Pnt)

	 
	2.299
	 
	-0.756
	508.064
	20

	 
	1.291
	 
	1.008
	509.072
	21

	 
	2.163
	 
	-0.872
	508.200
	22

	 
	1.284
	 
	0.879
	509.079
	23

	 
	1.299
	 
	-0.015
	509.064
	24

	 
	2.188
	 
	-0.889
	508.175
	25

	1.059
	 
	1.287
	0.901
	509.076
	26 (Change Pnt)

	 
	2.104
	 
	-1.045
	508.031
	27

	 
	2.176
	 
	-0.072
	507.959
	28

	 
	 
	1.291
	0.885
	508.844
	29 (Last Pnt)

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	
	
	
	
	
	 

	
	Backsight
	Foresight
	Diff
	Rise/Fall
	Reduced Lvl Check

	Total
	10.536
	9.692
	0.844
	0.844
	0.844
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[bookmark: _Toc103009516]7. Conclusion- comments on the information from the levels plotted.

From the results obtained from the practical levelling survey, I have concluded that the volume of earthworks needed for the cut and fill method is as follows:
Note – Each box within the graph is represented as 2m3. 
· Cut – 10
· Fill – 72

As there is more fill required than cut, the material from the cut can be used to offset the fill material needed and compensate to be brought into site, this meaning less transport needed, and materials required meaning a saving of time, cost and environmental impact on the carbon footprint. 
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