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1 [bookmark: _Toc69135364]Introduction

The content of this report aims to give a general overview on levelling and aims outline the necessary step by step process carried out while levelling and will highlight all equipment needed to do so and the data collected from the exercise. It will show the reduced level at each point recorded and volume of earth works required.
2 [bookmark: _Toc69135365]General overview of levelling

Levelling is used within the construction industry and within the profession of surveying, it is defined as, “An art of determining the relative height of different points on, above or below the surface.” (Buildings, 2020). It is a process used to find out the difference in height of one level in comparison to another. It is often used to find out the elevation of a point relative to the datum, or to establish the elevation of any given point in relation to the datum.
Levelling is used within multiple industries and can be carried out for many different reasons. Primarily levelling is used to:

· To determine the difference in height between two or more points.
· To determine the height of discrete points.
· To provide spot heights of discrete points.
· To provide the data for road cross sections.
· To provide data on the volume of earth works required.
· To provide the correct level required for construction works on site.
What is involved for this route

3 [bookmark: _Toc69135366]Equipment used in Levelling

A large range of tools and equipment can be used to carry out the levelling procedure, listed are some of the most likely bits of equipment you would come across while conducting the procedure,
· [image: ]Automatic or Digital Level – This is a professional tool that can be used to verify or establish various points on a horizontal plane, commonly used within the construction industry. Made to be durable and withstand poor weather conditions.
· Tripod – Used In conjunction with the level. Enables the level to be placed accurately and securely on rough ground conditions.
· Levelling Staff – Also used in conjunction with the level, used to determine difference in height between points or points of height above the datum.
· Staff Bubble – A small circular bubble on an angle plate and usually held against one corner of the staff to ensure it is level. If the staff is not held level this can cause inaccurate readings.
· Plumb Bob – Used since the ancient Egyptians, used to as a vertical line reference.
· Measuring Tape – A retractable tape measure used for manually measuring distances.
· Field Book – Extremely important that all recordings and measurements are written down and kept safe till back off site. 
(Jamal, 2017) was a great source of information for this.
4 [bookmark: _Toc69135367]Procedure of levelling

[image: Diagram of a levelling procedure, the levelling traverse.]The procedure of levelling will vary between different surveyors or industry professionals but will follow similar methods. First the surveyor and the chainman carrying out the levelling procedure must ensure they have all the correct equipment listed in the previous paragraph and ensure all equipment is serviceable. The surveyor then needs to set up the digital level in position one using the tripod.Image taken from (LSSLTD, 2021)


1 - As seen in the diagram above the surveyor will set up the auto level in position 1. The chainman will then go to position A, known as the Datum. The datum line is the reference line in which the levels of other station points are fixed. At the datum the chainman will hold the level staff upright using the staff bubble to ensure it is directly vertical and the surveyor will focus onto it, if the level is not directly upright readings could be inaccurate. If in a position where the chainman has not got a staff bubble, he can rock the level staff back and forth and the surveyor can take the lowest number seen at that point. This point will be known as the datum and will be the backsight. 
2 - Once the reading has been taken at point A, the chainman is to move to point B and repeat the same procedure. Point B will be known as an intermediate sight. An intermediate sight is any level staff reading taken after the back sight and before the fore sight.
3 - The chainman will then move to point C where the same procedure will be carried out with the level and the level staff. Point C will also be an intermediate sight.
4 - At point D the chainman is to ensure the point is on a solid standing or they are to use a levelling change plate. In this example point D will be known as the change point, this is because it is the last point taken before you need to move the level. Once the procedure has been repeated and the reading taken this will be the foresight, the foresight is the position of the last reading before the level is moved, it us used to work out the final reduced level of the current set up.
5 - The chainman is to stay at point D while the surveyor disassembles the level and the tripod and moves to the second set up position and repeats the set up of the level. Once set up, the surveyor is to take a reading back to point D. This will be known as the backsight, the same procedure carried out in step one.
6 – The chainman then moves to point E, which in this example will be known as a change point. The chainman is again to ensure that the point is on solid ground or on a change plate. Once the reading has been taken this will be known as the fore sight as the level will be moved after this reading.
7 – The surveyor must now disassemble the level and tripod and repeat the process in stage 5. At setup point 3, the surveyor then takes a backsight reading to the chainman holding the staff at point E. 
8 – The chainman will then go to point F and repeat the procedure to get an intermediate sight.
9 – Final step, the chainman moves to the last point, which in this example is datum B. The same process is carried out as in step 6 and a fore sight is taken. This is the final reading taken with the auto level.
(LSSLTD, 2021) was a great source of information for this.
5 Computation and plotting of level

Once all data has been recorded in the surveyor’s field book, it can then be taken off site and computed accurately. Below is an example of a table of data collected for a survey for a new route from LLandarcy to Neath. The height of collimation method has been used to work out the reduced level. However, another method that can be used to compute the data is called the rise and fall method.

	Back Sight
	Intermediate Sight
	Fore Sight
	HC
	Reduced Level
	Change
	Remarks

	 
	 
	 
	 
	 
	 
	 

	1.371
	 
	 
	818.371
	817
	0
	TDM

	 
	2.353
	 
	 
	816.018
	25
	STN. 1

	 
	1.222
	 
	 
	817.149
	50
	STN. 2

	 
	2.591
	 
	 
	815.78
	75
	STN. 3

	1.432
	 
	3.587
	816.216
	814.784
	100
	STN. 4 / Change PT . A

	 
	1.872
	 
	 
	814.344
	125
	STN. 5

	3.25
	 
	0.573
	818.893
	815.643
	150
	STN. 6 / Change PT. B

	 
	1.925
	 
	 
	816.968
	175
	STN. 7 

	3.015
	 
	0.496
	821.412
	818.397
	200
	STN. 8 / Change PT. C

	1.456
	 
	0.499
	822.369
	820.913
	225
	STN. 9 / Change PT. D

	 
	3.853
	 
	 
	818.516
	250
	STN. 10 

	 
	5.433
	 
	 
	816.936
	275
	STN. 11

	 
	5.2
	 
	 
	817.169
	300
	STN. 12

	 
	4
	 
	 
	818.369
	325
	STN. 13

	3.876
	 
	3.067
	823.178
	819.302
	350
	STN. 14 / Change PT. E

	 
	4.533
	 
	 
	818.645
	375
	STN. 15

	 
	5.433
	 
	 
	817.745
	400
	STN. 16

	 
	5.867
	 
	 
	817.311
	425
	STN. 17

	 
	5.133
	 
	 
	818.045
	450
	STN. 18

	1.734
	 
	3.064
	821.848
	820.114
	475
	STN. 19 / Change PT. F

	 
	1.28
	 
	 
	820.568
	500
	STN. 20

	 
	1.39
	 
	 
	820.458
	525
	STN. 21

	3.467
	 
	2.076
	823.239
	819.772
	550
	STN. 22 / Change PT. G

	 
	4.147
	 
	 
	819.092
	575
	STN. 23

	3.371
	 
	1.976
	824.634
	821.263
	600
	STN. 24 /Change PT. H

	 
	2.395
	 
	 
	822.239
	625
	STN. 25

	 
	2.562
	 
	 
	822.072
	650
	STN. 26

	 
	2.591
	 
	 
	822.043
	675
	STN. 27

	1.432
	 
	3.587
	822.479
	821.047
	700
	STN. 28 / Change PT. I

	 
	1.872
	 
	 
	820.607
	725
	STN. 29

	1.675
	 
	0.573
	823.581
	821.906
	750
	STN. 30 / Change PT. J

	1.734
	 
	3.064
	822.251
	820.517
	775
	STN. 31 / Change PT. K

	 
	2.28
	 
	 
	819.971
	800
	STN. 32

	 
	2.39
	 
	 
	819.861
	825
	STN. 33

	3.467
	 
	3
	822.718
	819.251
	850
	STN. 34 / Change PT. L

	 
	4.147
	 
	 
	818.571
	875
	STN. 35

	3.371
	 
	1.976
	824.113
	820.742
	900
	STN. 36 / Change PT. M

	 
	1.395
	 
	 
	822.718
	925
	STN. 37

	 
	1.562
	 
	 
	822.551
	950
	STN. 38

	 
	1.859
	 
	 
	822.254
	975
	STN. 39

	 
	 
	2.587
	 
	821.526
	1000
	STN. 40





To check all calculations are correct the formular can be used once the reduced level has been calculated for each station.
(Back sight) – (Fore sight) = (Last reduced level) – (First reduced level)	
(34.651) – (30.125) = (821.526) – (817.000) 
4.526 = 4.526.

Once the table has been computed and checked for errors, a graph can then be plotted to work out the volume of earth works required. To help visualise this the data can be added.



The straight red line running along the graph is to be the level road. All volume under the red line will be filled in and all volume above the red line will need to be cut to create a level surface for the road to be accessible.
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Use the provided data set as the observed spot levels taken at every 25m interval along the stretch of the proposed route, compute and plot the reduced level of the points using either rise and fall or height of collimation method.  PRACTICAL

Also, estimate the volume of earthwork involved assuming the slope of the road with a straight line connecting the reduced level of the TBM with the reduced level of station 40. 

Volume of Earthworks

Height	0	25	50	75	100	125	150	175	200	225	250	275	300	325	350	375	400	425	450	475	500	525	550	575	600	625	650	675	700	725	750	775	800	825	850	875	900	925	950	975	1000	817	815.96400000000006	817.09500000000003	815.726	814.73	814.29	815.58900000000006	816.91399999999999	818.34299999999996	820.85900000000004	818.46199999999999	816.88199999999995	817.11500000000001	818.31500000000005	819.24800000000005	818.59100000000001	817.69100000000003	817.25699999999995	817.99099999999999	820.06	820.51400000000001	820.404	819.71799999999996	819.03800000000001	821.20899999999995	822.18499999999995	822.01800000000003	821.98900000000003	820.99300000000005	820.553	821.85199999999998	820.46299999999997	819.91700000000003	819.80700000000002	819.197	818.51700000000005	820.68799999999999	822.66399999999999	822.49699999999996	822.2	821.47199999999998	
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