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Introduction
Levelling is a specific type of surveying. The purpose of levelling is to measure the heights of specified points relative to a datum point.  “As far back as 1817, the Survey of the Coast began determining elevations in coastal areas using trigonometric methods.” (NOAA 2007). Levelling has become increasingly important over the years with new infrastructure being constructed. During this report I will talk about the general overview of a levelling survey, what equipment is needed whilst carrying out a levelling survey, a levelling procedure and the plotting of measurements taken in the survey relative to the new route linking LLandarcy to Neath. 
Overview of Levelling
Levelling is a fundamental part of construction of new buildings and other infrastructure such as roads, railway lines and sewage systems. It allows pipework to be installed in the ground at a sufficient slope to allow the flow of liquid to be smooth. Obviously, the removal of sewage and wastewater is essential in builds. The slope in which pipes are installed at allows this to be achieved. Below is an image showing pipes being installed whilst levelling is being carried out: 
[image: ]
(Academia 2021)
It is also useful in the construction of roads. Levelling allows the slope of the road to be determined to provide adequate drainage for the removal of excess rainwater etc from the roads surface. It is also very beneficial to the ‘cut and fill’ exercise in a road construction project. Cut and fill is when earth is excavated from one place (cut) and used as (fill) in embankments etc on the roadside. This is a good way of saving money as its basically recycling what we do not need in one place to where we do need it somewhere else. 
It is useful in the construction of building. It is essential in giving the construction team a level surface to start their build. It can also be used in determining the height of the building in relation to any elevations in the surrounding area. Without adequate surveying it would be impossible to adequately carry out a construction of a building. Gravity is the biggest force placed on a building’s durability and functionality. “Working parallel and perpendicular to the force of gravity is fundamental in designing and constructing buildings regardless of their shape. Fortunately, gravity also makes it easy since plumb bobs and spirit levels are very simple tools that have served this purpose for millennia (Navedtra,2004)
Equipment Used in Levelling
Tripod
The tripod is used in levelling to provide a solid base in which a levelling instrument can be supported. This allows accuracy to be achieved as the levelling equipment cannot alter unless it is touched. One of the most important aspects of a tripod is that it should be of a solid base even whilst under load. It is also important that it has a good vertical stability, again, whilst under load and limited horizontal movement. Whilst using the tripod it is important to ensure it has a firm footing. In order to achieve this the tripod legs can be pushed into the ground whilst on a soft surface to ensure it stays rigid.

[image: ]
Zennith Survey 2021)
Plumb-bobs
Plumb bobs are used to establish a vertical reference line.  It uses the force of gravity to establish what is ‘plumb’. Plumb is what is known as perfectly vertical. It is essential to have a vertical reference line to maintain accuracy in surveying. It is also essential in construction as walls, doorframes and other elements of a build that require vertical reference points need to be installed accurately. The plumb bob has been around for thousands of years and there is evidence of it being in use as far back as the times of Ancient Egypt. Although a basic concept, it is evident that it is a vital part of surveying.

Digital Levels
Digital levels are commonly used in surveying. They take measurements off a measuring staff with the laser by scanning the codes on the measuring staff.  This type of level improves accuracy and reduces the probability of human error. When a site needs a fast and effective measurements on height determinations, the laser level is used, and laser technology has provided the construction and surveying industries with time saving technology. Another benefit of laser technology is that most laser levels incorporate outlets that enable the data to be saved onto memory sticks. This means that the data will not have to be handwritten and will always be available to look back over in the future. 
Levelling Staff
Levelling staffs or rods have markings of a gradual scale. The staffs are held vertically over a point in the distance and then using the telescope on the level, it is evident what the elevation is. The staffs are marked in alternating blocks with a distance of 10mm between each. The numbers and letters are meters and decimetres. They are usually made in 3-, 4- or 5-meter lengths.  The image below shows a levelling staff and some basic information on how to use it:
[image: ]
(slide Player 2021)
Levelling Procedure
The image below contains the information that I am going to use to describe the levelling procedure: 
[image: ]
(BoeingConsult 2021)

1)The first step is to set up your levelling equipment and the level 1 position. You must then hold the measuring staff at the datum point which is 50m from the reduced level (RL). This will be your first reading. The reading will be known as ‘backsight’ because it is the first measurement from the measuring point after the levelling equipment has been set up. 
2) You must then take a reading at points A, B and C. it is the same concept as the backsight measurement. You must move the measuring staff to each individual point and take the reading. All three of these points will be referred to as intermediate sights.
3) You must the move the measuring staff to point D and take the reading in this position. This will be referred to as a foresight. This is because it is the furthest measurement in front taken from the level one point.
4) After the foresight measurement, the measuring equipment must be moved to level 2 position. When changing positions of the measuring equipment, change plate should be used to ensure that the same level is being used throughout.
5) When the measuring equipment has been moved you must leave the staff at point D and turn the measuring staff to ensure the markers are now facing the level 2 position. You must then take this measurement. This measurement will be referred to as the backsight as it is the first measurement taken from level position 2. 
6) You must then move the measuring staff to point E and take the measurement at this location. This will be referred to as intermediate sight. 
7) The measuring staff should then be moved to point F and a reading taken from this location. This will be referred to as the foresight. 
8) you must then move the measuring equipment from level position 2 to level position 3 and repeat the process until all required points have been measured.

This can be a very lengthy process and it is essential that all measurements taken are accurate. In order to ensure that no mathematical errors have been made, the total of the backsight measurements should be equal to the total of the foresight measurements. This is a simple way to reduce errors. The length of a sight should be kept to within 100m distances, and you should always finish on a known datum. Again, this will help with accuracy. All measurements should be recorded in your field book to allow you to keep record of readings for future use.
There are two main methods of booking your levels. These are the ‘rise and fall method’ and the ‘height of collimation level’ method. The below image shows an example of the rise and fall method of booking levels: 
[image: ] (boingconsultant 2021)
As you can see from the image every time you ‘step down’ you must subtract the new measurement from the old measurement. For example, in the image the first backsight is 2.554 and the first intermediate sight (which is row under the first backsight) is 1.783. if you subtract 1.783 from 2.554 you are left with 0.771. as this is a positive number it is then placed into the ‘rise’ column on the table. If we go further down the table to the second backsight, we can see that there is a value of 1.305. if we then go to our first intermediate sight after the second backsight, we see a value of 1.432. if we subtract 1.432 from 1.305, we are left with a value of -0.127. as this is a negative number, we place that value into the ‘fall’ column. 
The height of collimation method is quite like the rise and fall method. According to Boeing Consult’ there are five main steps:
“1. Booking is the same as the rise and fall method for back-, intermediate- and foresights. There are no rise or fall columns, but instead a height of collimation column.
2. The first backsight reading (staff on datum, benchmark or RL) is added to the first RL giving the height of collimation.
3. The next staff reading is entered in the appropriate column but on a new line. The RL for the station is found by subtracting the staff reading from the height of collimation.
4. The height of collimation changes only when the level is moved to a new position. The new height of collimation is found by adding the backsight to the RL at the change point.
5. Please note there is no check on the accuracy of intermediate RL's and errors could go undetected.” (BoeingConsult 2021)
In my opinion, the rise and fall method is the easiest method to use and if you take point 5 of the collimation method into account it is possibly the more accurate method of the two.
The below table shows my Rise and Fall bookings table of the new route from LLandarcy to Neath:
	Backsight
	Intermediate sight
	foresight
	rise
	fall
	Reduced Level
	chainage
	Remarks

	1.371
	
	
	
	
	852.000
	0
	TBM

	
	2.354
	
	
	0.983
	851.017
	25
	STN 1

	
	1.222
	
	1.132
	
	852.149
	50
	STN 2

	
	2.591
	
	
	1.369
	850.780
	75
	STN 3 

	1.432
	
	3.587
	
	0.996
	849.784
	100
	STN 4/ CHANGE Pos A

	
	1.872
	
	
	0.440
	849.344
	125
	STN 5

	3.250
	
	0.573
	1.299
	
	850.643
	150
	STN 6/CHANGE Pos B

	
	1.925
	
	1.325
	
	851.968
	175
	STN 7

	3.015
	
	0.496
	1.429
	
	853.397
	200
	STN 8/ CHANGE Pos C

	1.456
	
	0.499
	2.516
	
	855.913
	225
	STN 9 CHANGE Pos D

	
	3.853
	
	
	2.397
	853.516
	250
	STN 10

	
	5.433
	
	
	1.580
	851.936
	275
	STN 11

	
	5.200
	
	0.233
	
	852.169
	300
	STN 12

	
	4.000
	
	1.200
	
	853.369
	325
	STN 13

	3.876
	
	3.067
	0.933
	
	854.302
	350
	STN 14 CHANGE Pos. E

	
	4.533
	
	
	0.657
	853.645
	375
	STN 15

	
	5.433
	
	
	0.900
	852.745
	400
	STN 16

	
	5.867
	
	
	0.434
	852.311
	425
	STN 17

	
	5.133
	
	0.734
	
	853.045
	450
	STN 18

	1.734
	
	3.064
	2.069
	
	855.114
	475
	STN 19 CHANGE Pos F

	
	1.280
	
	0.454
	
	855.568
	500
	STN 20

	
	1.390
	
	
	0.110
	855.458
	525
	STN 21

	3.467
	
	2.076
	
	0.686
	854.772
	550
	STN 22 CHANGE Pos G

	
	4.147
	
	
	0.680
	854.092
	575
	STN 23

	3.371
	
	1.976
	2.171
	
	856.263
	600
	STN 24 CHANGE Pos H

	
	2.395
	
	0.976
	
	857.239
	625
	STN 25

	
	2.562
	
	
	0.167
	857.072
	650
	STN 26

	
	2.591
	
	
	0.029
	857.043
	675
	STN 27

	1.432
	
	3.587
	
	0.996
	856.047
	700
	STN 28 CHANGE Pos I

	
	1.872
	
	
	0.440
	855.607
	725
	STN 29

	1.675
	
	0.573
	1.299
	
	856.906
	750
	STN 30 CHANGE Pos J

	1.734
	
	3.064
	
	1.389
	855.517
	775
	STN 31 CHANGE Pos K

	
	2.280
	
	
	0.546
	854.971
	800
	STN 32

	
	2.390
	
	
	0.110
	854.861
	825
	STN 33

	3.467
	
	3.000
	
	0.610
	854.251
	850
	STN 34 CHANGE Pos L

	
	4.147
	
	
	0.680
	853.571
	875
	STN 35

	3.371
	
	1.976
	2.171
	
	855.742
	900
	STN 36 CHANGE Pos M

	
	1.395
	
	1.976
	
	857.718
	925
	STN 37

	
	1.562
	
	
	0.167
	857.551
	950
	STN 38

	
	
	
	
	
	
	
	

	
	1.859
	
	
	0.297
	857.254
	975
	STN 39

	
	
	2.587
	
	0.728
	856.526
	1000
	STN 40



To check my arithmetic and ensure I have not made any mistakes a simple calculation can be carried out. The calculation should be that the total Backsight minus the total foresight should be the same as the last Reduced level measurement, minus the first reduced level measurement. This is shown below:
Total Backsight – Total Foresight = 4.526
Final Reduced level – First Reduced level = 4.526
From this simple calculation I know that I have not made any mathematical errors during my bookings.
From the table I was able to plot a graph to show a simplified version of the levels. This can be seen below:

From the graph we able to see where the cut and fill parts of the route would be. We can do this by joining a line from the first point to the last point. All areas above the line are ‘cut’ and all areas below the line are ‘fill’:
[image: ] 
From the graph we can do more basic mathematics to establish the total volume of earthworks needed for the route. This is shown in the below table:
 
	Cut
	Unit Volume
	Number
	Total Vol

	1
	50
	0.5
	25

	2
	10
	0.1
	1

	3
	75
	0.75
	56.25

	4
	250
	2.5
	625

	5
	150
	1.5
	225

	
	
	
	932.25

	
	
	
	

	Fill
	Unit Volume
	Number
	Total Vol

	1
	150
	1.5
	225

	2
	50
	0.5
	25

	3
	40
	0.4
	16

	4
	10
	0.1
	1

	5
	200
	2
	400

	
	
	
	667

	
	
	
	



Conclusion
It is evident that the levelling process is an extremely important part of surveying and construction. It is one of the basic elements needed to be able to perform the most basic forms of construction. “Working parallel and perpendicular to the force of gravity is fundamental in designing and constructing the homes we live in, the roads we cycle or drive on, the bridges we cross, and the office blocks we work in.” (lssltd 2020). Accuracy is very important in the levelling process and everything from using the equipment correctly to ensuring results are logged accurately ensures the results are as accurate as needs be. The basic mathematics to help eliminate any mistakes is very useful and the graph is also very helpful in visualising the results in an easier context that the table. The fact that the volume of earth works required can be gained from this method is also very useful in helping estimate the amount of work needed and the cost of carrying out the work.
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