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Introduction
As a Civil Engineer working on behalf of University of Wales Trinity St David’s, I have been approached by Swansea City Council to undertake a levelling survey on the proposed new route linking Llandarcy & the town of Neath. This essay will give an overview of levelling surveying & the equipment used. I will also highlight the levelling procedure & how the data will be recorded, with the results calculated accordingly. Data from the results will also determine how much earthwork is to be removed or added to the site to achieve the appropriate level. 

Overview of Levelling
Levelling is a faction of surveying within the construction industry & is a process of measuring the vertical elevation at a given datum point in relation to another datum point. Levelling is required for many facets of construction from building developments to the design of road & rail network infrastructure. Some examples are shown below:
· To provide elevation data in order to design the site layout for a housing development.
· Provide data to create accurate drainage systems to ensure the correct elevations & angles to allow water to drain away correctly.
· Assess the gradient of an area prior to a potable water network being constructed to allow for supply under gravity conditions.
· To determine the design requirements for a bridge structure.
· Calculate the earthwork volumes required as part of a road design.
· Confirm the angles for foundations & footings.

Equipment Used
The following equipment is used in modern day levelling surveys & will be used as part of the work undertaken:
Optical Level
An optical level or auto level is used to measure the elevation or distance between two datum points. The level is setup on a tripod & is adjusted with adjusting screws, so the level bubble is aligned centrally to ensure the device is level both vertically & horizontally to ensure accurate measurements. Auto levels have an internal swing prism which makes automatic adjustments to compensate for any slopes or uneven ground. An example of a level is shown in figure 1 below:
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    Figure 1 – Optical Level – (Zenith Survey – 2021)

Levelling Staff
A levelling staff or levelling rod is a vertical rod generally made out of aluminium or wood, it is used in conjunction with an optical level to measure the difference in height between datum points. The majority of modern levelling staffs have a staff bubble incorporated to ensure they are aligned correctly. The levelling staffs can be marked in many different graduations, though are most commonly marked in metres & in tenths of metres & labelled between the major number groups with a uniform pattern, different colours or an E shape with equal spacing between each tenth of a metre. The optical level is aimed at the levelling staff & the cross hairs in the sight are placed within the relevant area of the levelling staff & the measurement is taken accordingly. Digital levels can also read a barcode imprinted on the levelling staff & can automatically record the level.
Examples of different types of levelling staff are shown in figure 2 below: 
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Figure 2- Levelling Staffs – (India mart – 2021)

Other types of levelling equipment commonly used are:
· Measuring tape
· Plumb Bob
· Field Book
· Tablet
· Tripod







Levelling Procedure
This section will highlight how the levelling procedure will be carried out & how the data will be collected during the levelling survey. As a point of reference some of the terminology used in the survey will be listed below with a short explanation for each:

Datum Line – This is the reference line to which other stations are fixed too.
Height of instrument – The elevation of plane of sight with regards to the assumed datum.
Back Sight (BS) – The sight taken on the level staff to obtain the initial elevation.
Intermediate Sight (IS) – The sites taken after the back sight & before sighting the final point, these are also known as minus sights.
Fore Sight (FS) – The last reading taken from the levelling equipment, this is also known as a minus sight. 
Change Point (CP) – The point at which both back sight & fore sight are taken.
Benchmark (BM) – A permanent object whose elevation above or below datum is known or assumed.
Reduced Level – The vertical differential between the level point & datum line.

The levelling survey will be started from a temporary benchmark (TBM) which has been recorded at a ground level of 663m above ordnance datum (AOD) using GPS data & ordnance survey maps. The observation stations will be set at 25 metre intervals along the proposed route. An overview of how the levelling survey will then be carried out is as follows:

1. Setup the levelling instrument on the temporary benchmark (TBM).
2. Hold the levelling staff on the datum point & take a reading & record in the site book. This reading is a back sight (BS) & it is the first levelling staff reading since the levelling instrument has been setup on the TBM.
3. Move the levelling staff to Station 1 & take a reading & record. This is the first intermediate sight (IS).
4. Move the levelling staff to Station 2 & take a reading & record. This is an intermediate sight.
5. Move the levelling staff to Station 3 & take a reading & record. This is an intermediate sight.
6. Move the levelling staff to Station 4 & take a reading & record. This is a fore sight (FS) as the levelling instrument will be moved & is the first Change point (A). The levelling staff will be held in position at Station 4
7. Take the levelling staff reading at Station 4 & record. This is a back sight as the levelling instrument has changed position.
8. Move the levelling staff to Station 5 & take a reading & record. This is an intermediate sight.
9. Move the levelling staff to Station 6 & take a reading & record. This is a fore sight (FS) as the levelling instrument will be moved & is the second Change point (B). The levelling staff will be held in position at Station 6
10. Take the levelling staff reading at Station 6 & record. This is a back sight as the levelling instrument has changed position.
11. Move the levelling staff to Station 7 & take a reading & record. This is an intermediate sight.
12. Move the levelling staff to Station 8 & take a reading & record. This is a fore sight (FS) as the levelling instrument will be moved & is the third Change point (B). The levelling staff will be held in position at Station 8.
13. Take the levelling staff reading at Station 8 & record. This is a back sight as the levelling instrument has changed position.
14. Continue with this process until the full distance of the proposed route has been surveyed, ensuring all recordings are input correctly into the site book.


An overview of the levelling procedure for the proposed route is also illustrated in figure 3 below:
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Figure 3 – Overview of the levelling procedure.









Computation & Plotting
The levelling survey was carried out on the proposed route & the relevant information recorded in the site book. Using the rise & fall method the elevations from each station which were 25 metres apart along the 1-kilometre route were calculated & are shown in the table below.

	Back Sight
	Intermediate Sight
	Fore Sight
	Rise/ Fall (+/-)
	Reduced Level (m)
	Chainage (m)
	Remarks

	1.371
	 
	 
	 
	663.000
	0.000
	TBM

	 
	2.354
	 
	-0.983
	662.017
	25.000
	STN 1

	 
	1.222
	 
	1.132
	663.149
	50.000
	STN 2

	 
	2.591
	 
	-1.369
	661.780
	75.000
	STN 3

	1.432
	 
	3.587
	-0.996
	660.784
	100.000
	STN 4 /CHANGE PT A

	 
	1.872
	 
	-0.440
	660.344
	125.000
	STN 5

	3.250
	 
	0.573
	1.299
	661.643
	150.000
	STN 6/CHANGE PT B

	 
	1.925
	 
	1.325
	662.968
	175.000
	STN 7

	3.015
	 
	0.496
	1.429
	664.397
	200.000
	STN 8 /CHANGE PT C

	1.456
	 
	0.499
	2.516
	666.913
	225.000
	STN 9 /CHANGE PT D

	 
	3.853
	 
	-2.397
	664.516
	250.000
	STN 10

	 
	5.433
	 
	-1.580
	662.936
	275.000
	STN 11

	 
	5.200
	 
	0.233
	663.169
	300.000
	STN 12

	 
	4.000
	 
	1.200
	664.369
	325.000
	STN 13

	3.876
	 
	3.067
	0.933
	665.302
	350.000
	STN 14 /CHANGE PT E

	 
	4.533
	 
	-0.657
	664.645
	375.000
	STN 15

	 
	5.433
	 
	-0.900
	663.745
	400.000
	STN 16

	 
	5.867
	 
	-0.434
	663.311
	425.000
	STN 17

	 
	5.133
	 
	0.734
	664.045
	450.000
	STN 18

	1.734
	 
	3.064
	2.069
	666.114
	475.000
	STN 19 /CHANGE PT F

	 
	1.280
	 
	0.454
	666.568
	500.000
	STN 20

	 
	1.390
	 
	-0.110
	666.458
	525.000
	STN 21

	3.467
	 
	2.076
	-0.686
	665.772
	550.000
	STN 22 /CHANGE PT G

	 
	4.147
	 
	0.680
	666.452
	575.000
	STN 23

	3.371
	 
	1.976
	2.171
	668.623
	600.000
	STN 24 /CHANGE PT H

	 
	2.395
	 
	0.976
	669.599
	625.000
	STN 25

	 
	2.562
	 
	-0.167
	669.432
	650.000
	STN 26

	 
	2.591
	 
	-0.029
	669.403
	675.000
	STN 27

	1.432
	 
	3.587
	-0.996
	668.407
	700.000
	STN 28 /CHANGE PT I

	 
	1.872
	 
	-0.440
	667.967
	725.000
	STN 29

	1.675
	 
	0.573
	1.299
	669.266
	750.000
	STN 30 /CHANGE PT J

	1.734
	 
	3.064
	-1.389
	667.877
	775.000
	STN 31 /CHANGE PT K

	 
	2.280
	 
	-0.546
	667.331
	800.000
	STN 32

	 
	2.390
	 
	-0.110
	667.221
	825.000
	STN 33

	3.467
	 
	3.000
	0.610
	667.831
	850.000
	STN 34 /CHANGE PT L

	 
	4.147
	 
	-0.680
	667.151
	875.000
	STN 35

	3.371
	 
	1.976
	2.171
	669.322
	900.000
	STN 36 /CHANGE PT M

	 
	1.395
	 
	1.976
	671.298
	925.000
	STN 37

	 
	1.562
	 
	-0.167
	671.131
	950.000
	STN 38

	 
	1.859
	 
	-0.297
	670.834
	975.000
	STN 39

	 
	 
	2.587
	-0.728
	670.106
	1,000.000
	STN 40





The reduced level results derived from the computation are highlighted below in Graph 1.

Graph 1 – Reduced Level Vs Chainage
In order to calculate the volume of earth work to be added or removed from the proposed route to make the appropriate level, A straight line was applied to the temporary benchmark & connected to the plot for station 40 on the graph. The relevant cut & fill profile for the proposed route is shown below in Graph 2.  
[image: ]
Graph 2- Cut & Fill Profile.

The earthwork volume calculations for the fill profile are shown below.
	Fill
	Unit Volume
	Number
	Total Volume (m3)

	1
	400
	1.5
	600

	2
	400
	1
	400

	3
	400
	0.16
	64

	4
	400
	0.01
	4

	5
	400
	0.5
	200

	
	
	Total
	1268


The earthwork calculations for the cut profile are shown below.
	Cut
	Unit Volume
	Number
	Total Volume (m3)

	1
	400
	0.25
	100

	2
	400
	0.5
	200

	3
	400
	0.15
	60

	4
	400
	0.5
	200

	
	
	Total
	560



In order to determine whether earth is to be removed or added from the proposed route to create the appropriate level for the road design, the total cut volume (560m3) is subtracted from the total  fill volume (1268m3):
1268 – 560 = 708
Therefore, 708m3 of earth is to be removed from the proposed route to achieve the appropriate level.
 
Conclusion
Using the appropriate levelling techniques & equipment, A detailed levelling survey was carried out on a proposed 1-kilometre route to link Llandarcy & the town of Neath. The relevant information was recorded from the survey & subsequent calculations made. The calculations confirm that there are areas of earth above the design level & 708m3 of earth is to be removed to get to the appropriate design level.

Matthew Riddler – University of wales Trinity St David’s
26/04/2021
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