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The surveying project was to undertake a levelling survey of the university of Wales trinity St David campus, for the purpose of a new road being constructed around the Swansea campus. The task was to undertake a levelling survey between 2 points and to take spot levels at least every 20m consisting of 25 surveying points minimum. Following on from this survey, computational plots of the rise and fall and volume of earthworks required for this road were also to be calculated.
[bookmark: _Toc102553270]General overview of levelling surveying

Surveying can be defined as the “technique of determining the relative position of different features on, above or beneath the surface of the earth by means of direct or indirect measurements and finally representing them on a sheet of paper known as plan or map” (RICS.org,2021)
Levelling which is one of the methods used in surveying is a way of determining the height of a particular point relative to another point, and it is used to establish a specified point relative to a pre-defined or given datum (designingbuildings.co.uk,2022).
There are 3 main types of levelling, Barometric, Trigonometric and direct levelling, for this survey we used a type direct levelling.
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Description automatically generated]There are many types of survey that utilise direct levelling, examples of these include triangulation, open traversing, closed traversing and trilateration.
[bookmark: _Toc102553271]Triangulation
Triangulation involves the measurement of angles within surveying and establishing a network of control points using triangles
[bookmark: _Toc102553272]Trilateration
Trilateration is similar to triangulation but instead uses distance which is measured and the angles are then calculated.
[bookmark: _Toc102553273]Traversing
Traversing is where several connected lines are measured with the assistance of an angle measuring device and the lengths between these points measured. There are two types open and closed traverse (Civiltoday,2021).               (Figure 1 – levelling survey types)                                              
                                                                                                                       (Technologies,2021)
Direct levelling in surveying usually consists of a levelling staff, a tripod, a level, a tape measure and a form of booking method.
A simple diagram like the one below outlines this
[image: Diagram

Description automatically generated]
Figure 2 – simple levelling diagram (theconstructor.org)

All of the above methods utilise basic levelling equipment and all come with similar challenges, some advantages / disadvantages of the simple levelling surveys can be found below.

	Advantages
	Disadvantages

	Equipment such as a Dumpy level is cheap
	Time consuming on large projects

	Theodolite levelling equipment are highly accurate
	Levelling is a skilled role and training is required

	Smaller site work can be completed relatively fast
	Plotting, booking and recording data can be complex

	
	Weather can impact on work

	
	Access to site / exact survey points can be a challenge



Booking or recording the data collected from the levelling survey is extremely important and this can be completed in one of two ways. The height of collimation method and the rise and fall method. Both methods achieve the same result but are slightly different in their approach. An example of each type of booking method can be found below.








Height of collimation – the height of collimation method is calculated by initially taking the height of the instrument at the benchmark position and then taking a backsight reading (BS) from this position. Then to calculate the reduced level simply deduct the backsight reading from the height of the instrument and this will provide you with the reduced level reading. An example of this can be found illustrated below.
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Figure 3 - (Dauda, 2022)

The rise and fall method – this method requires the subtraction of the intermediate sight or foresight from the previous backsight or intermediate sight to give a rise or fall value. This is then added to the reduced level value of the station and the new reduced level calculation obtained. It is this method of booking that has been used in this surveying project and can be seen below and also in figure 8.
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Figure 4 - (Dauda, 2022)
[bookmark: _Toc102553274]Equipment used in levelling.
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Level and tripod– used to aim at levelling staff using cross hairs to obtain reading and tripod to support a level platform for levelling equipment to sit on.
Levelling staff – used to record the height of a point on site.
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Booking sheet – Used to record data on site including backsight, intermediate and forsights as well as various notes taken.
Measuring tape – Used to measure distance between surveying points.



All images taken on site.
Using levelling equipment



Using levelling Staff




Cross hair view from levelling equipment







An example of a few stages of the onsite levelling process can be found above. (photos taken on site)
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The process for the levelling procedure on site is as follows.
To begin with an initial set up of equipment is required. This includes opening the tripod legs and placing the level on top of the tripod and securing it in place. The level then needs to be set up correctly using the level bubbles on the instrument itself ensuring a nice flat surface is obtained to aim from. Then a measuring tape is used to ensure the specified distance (approx. 20m) is achieved between points and the levelling staff is then placed on this 20m mark ensuring it is perfectly straight and level. 
Then the level is aimed using the crosshairs from the level at the corresponding value on the levelling staff and readings taken and recorded. 
This first reading taken near a fixed object (one that will not easily be moved) forms the benchmark and backsight point. This is then recorded on the booking sheet as the backsight and benchmark position. 
From this point the levelling staff is then moved 20m away to the second point which is recorded in the same way and labelled as an intermediate sight point (the levelling equipment is not moved it is simply rotated to view the levelling staff). 
This second point (IS) is then recorded into the booking sheet as Point A and as an Intermediate sight point. This is repeated again until the last visible point from the current levelling station location can no longer be achieved and the station needs to be relocated. 
Once these subsequent points are recorded and it is no longer possible to see the next point from the same level position the station needs relocating. 
The person holding the levelling staff needs to remain in his last position while the levelling equipment is moved to a new location (all recorded on the booking sheet) and set up as mentioned earlier. 
This new point which is recorded as station point 1 is then used as the backsight and foresight for the new station location (station location 2) and the process can now be repeated until all survey points are recorded.
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Description automatically generated]An example of the booking sheet can be found below in figure 3 and a location plan of the stations and site layout in figure 4 and figure 5.






Figure 5 – On site booking sheet
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Figure 6 -Station location
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Figure 7 – Site layout

[bookmark: _Toc102553276]Computation and plotting of level

Once all the data is recorded it is then possible to calculate and plot the level data for the site survey, to do this all data from the onsite booking sheet gets transferred to a new sheet / digital format and calculations undertaken (in this instance all data was inputted into Microsoft excel in the below table) to obtain the rise and fall of the site.
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Figure 8 – Rise and fall method of booking
The process for calculating this was to input all data starting with the benchmark / backsight (BS) and then the next point which was the intermediate sight (IS) etc. The first calculation that is required is to calculate the rise and or fall, this is calculated by deducting the IS from the BS to give us the rise or fall. Once we have the rise or fall we then use this value and deduct it from the reduced level (in this case it was 585) this value gives us our reduced level value for that particular point. This process is then repeated until all values have been calculated and we achieve our final reduced level value. A quick check can be to compare the difference in reduced level values to the sum of the rise and fall and if they are the same you know that your data is correct (see figure 5 below).
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Figure 9 – data checks

[bookmark: _Toc102553277]Estimation of Earthworks

From the data gathered from the survey, it was possible to calculate the volume of earthworks required to create a level slope to form a road. This road would connect the first survey point (Tbm) to our last survey point. The graph below assists us with this, with each square equalling approximately 1m2 of earthworks required to be cut or filled.
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Figure 10 – cut and fill profile of survey
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Figure 11 – calculations of cut and fill volume required
From the calculations above we can see that a total cut is required of 29.73m3 (calculated by counting the squares in the graph above and deducting from the total cut and fill volumes above), this is based on a road of only 1m in width.
[bookmark: _Toc102553278]Conclusion

From the data obtained on site, it is quite clear that the benchmark position (585m Aod) and final foresight position (586m Aod) are approximately only 1m in height difference. However, the profile in between these points appears very erratic as the land rises and falls quite considerably (although this is more pronounced due to the scale of the graph). 
The first part of the surveyed land (Benchmark to point H) is undertaken on a relatively flat tarmac / concrete surface as in the image below. And there is not a great deal of variance between levels (585m Aod – 584.8m Aod).
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However the second part of the survey (points I – Y) there is a jump in elevation (from 584.8m Aod – 586.6m Aod). This ground is also visibly rougher and unmade and visibly higher in elevation and can be seen in the image below.
[image: A picture containing grass, outdoor, sky, field
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This is evident on the site layout plot around point T, where the graph peaks at a greater elevation than any other point on the survey. 
The overall site is quite diverse with primarily unmade ground present after point H, this would be captured a lot more accurately if the survey points were reduced in distance as even 20m intervals on this site can miss out large rise and falls in height.
If this survey was to be repeated it may be beneficial to reduce the distance between points to capture a much greater variance in level data, especially across the last section of unmade ground.
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Collimation Method of Booking Levels

Station Reading Height of RL Remark
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Rise and Fall Method of Booking Levels

Station BS IS FSs Rise Fall R.L Remarks
A 245 100.00 Bench Mark
o.asﬁn.ss 101.59 E,
1 43\0 ) 2.14 1.28 100.31 CP,
76— 0.67 100.98 E
1 .35\\:2.18‘4 42 99.56 cP,
1.54 0.16 99.40 Last-Point

ZRise — ZFall = —0.6

Note the rise and fall calculations:

From A to E,, difference = 2.45 — 0.86 = 1.59, rise

From E, to CP,, difference = 0.86 — 2.14 = —1.28 = 1.28 m, fall
From CP, to E,, difference = 1.43 — 0.76 = 0.67, rise

From E, to CP,, different = 0.76 — 2.18 = —1.42 = 1.42, fall

From CP, to Last Point, difference = 1.38 — 1.54 = —0.16 = 0.16, fall.
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