Levelling Survey Report By Dylan J Pugh
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1.0 [bookmark: _Toc103010057]Introduction
Levelling is carrying out a survey to determine the levels of given points to a relevant datum being either to Ordnance Datum or to a Local datum and find there elevation as well as establishing a given point or to set up a datum. Points taken across the survey are know as Backsights being the start of the set-up of the survey or the start of a change point, Intermediate sight being the points taken in between set ups. Then the Foresight being the last point taken before a new set-up or the end of a survey.
There are 2 forms of levelling surveys being a closed traverse or open traverse. A closed traverse is when you first Backsight reading is the same foresight you end on, as you doing a loop around back to the same point. An open traverse is the opposite of a closed traverse as this is when you carry out a survey and its over a long distance where it’ll be too long to traverse back to the start point, as this is when you finish on a different point or another known point. As closed is usually carried out on small sites. 
[bookmark: _Toc103010058]2.0 General overview of levelling surveying
The survey was carried out for Swansea City Council for the purposes of planning on constructing a new route linking LLandarcy and Neath together. The survey was taken on the proposed route as an existing survey to indicated the amount of earthworks that will be need to be carried out for the new route.
We carried out an open traverse survey due to the size and distance of the site. 
The Survey took place on Monday 7th March 2022, between 1pm to 3pm. The weather was sunny and windy. The Survey was 560 metres long. The survey was conducted by Dylan Pugh, Karman Davies, Mark Robinson, Sam Tucker and Josh Jones.
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Figure 1 – Location Plan showing the route we took for the survey.
2.1 Checks done to Avoid errors and inaccuracies on the survey.
During the survey I looked at the all the possible errors that could’ve of arose and cause us to recessive abnormal results or inaccurate readings.
Check 1 - we looked at the set up of the instrument by checking the conditions of the equipment. Checking the tripod legs weren’t stiff or any of the parts of the legs weren’t loose and cause the legs to slide. Next, I checked the levelling staff seeing if the numbers are readable and no scratches as well as checking if the buttons on the staff lock properly. I inspected the Level by checking its calibration date if its within date. Then did a visual inspection on it seeing if the foot screws aren’t loose or spinning, checking the focus and parallax on the telescope. 
Check 2 - the weather can cause errors to arise with the reading of the staff or preventing the surveyor from seeing. Since it was sunny and windy the glare from the sun on the staff can reflect light on it causing it to be hard to read the staff. We places a sun guard onto the lenses of the level and took multiple readings on the points where the staffs extensions where to high and effected by the wind. 
Check 3 - we carried out checks on our Backsights, Foresights, Rise/Falls and Reduced levels as since it was an open traverse we did these checks to see if our calculations were correct. Also, importing the data into excel to reduce human error. Also, we used an optical plum level attachment to the staff to make sure the staff itself is held vertically.

3.0 [bookmark: _Toc103010059]Equipment used in levelling.
	
During our survey we used the following equipment as we used an Automatic Level set up on an aluminium tripod legs and a 5m Aluminium Levelling Staff to take our readings off and used a Chartwell Survey Book to record down our readings and Scientific Calculator to work out our Reduced Levels.
A 30m tape measure was used to mark out the 20m chainages using Yellow chalk as to help establish control and equal spacings. As well as a camera to take photos of the site and for pre-construction photos for record keeping.
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[bookmark: _Toc103010060]4.0 Levelling procedure
	 
Firstly, we gathered the survey equipment listed above to carry out the survey. I checked to make sure the Automatic level was in calibration date. Once, all gear was collected we set up in a position to view our first point which was our Bench Mark as this was our control point for the survey. I set up the level on top of the tripod. Then pluming up the level on the tripod using the foot screws to adjust the level to make the level plum. Lastly, I rotating the automatic level itself scope 360° to make sure the optical plum wasn’t faulty and to see if the bubble stays in the centre and the instrument doesn’t tilt one direction 
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Then the Staff man placed the staff on top of the Bench mark to get our datum point and control for the survey and as the first Backsight. After recording our datum we moved onto the next point being the intimidate sight and marked out every 20m chainages across the site with a 30m tape and chalk. 
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We carried out the same method of siting on the points on the chainages and doing Backsights, Foresights and Intermediate sights. During the survey we had 8 changes points due to the distance of siting as we limited our sighting from the Automatic level to the Staff as 60m radius to reduce strain on the eye and reduce the amount of inaccuracies. 
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We surveyed 29 points across the site, making the 29th point our last Foresight. Totalling to be 560m surveyed. The Rise and Fall method was used to work out the reduced levels from the survey using a scientific calculator. 
[bookmark: _Toc103010061]5.0 Computation and plotting of level

After completing the survey, I worked the Reduced levels on the Chartwell book using the rise and fall method as to see where the differences in level from point to point. To double check my workings out I created an Excel Spreadsheet to use to check my calculations and carried out the necessary checks to see if my calculations are correct. By adding all the Backsights up and the n all the Foresights and taking away from each other to get the difference. Then did the checks of taking the 1st and last points of Reduced level way from each other. Lastly, summing up all the Rise and Falls together to get the difference as all these checks should be the same and they all equalled 0.844. See Figure 2
Total BS – Total FS = Total Rise/Falls = Highest Reduced Level - Lowest Reduced Level

	Backsight
	Intermediate
	Foresight
	Rise/Fall
	Reduced Level
	Remarks 

	1.170
	 
	 
	 
	595
	1 (Datum)

	 
	1.417
	 
	-0.247
	594.753
	2

	1.411
	 
	1.502
	-0.085
	594.668
	3 (Change Pnt)

	 
	1.325
	 
	0.086
	594.754
	4

	1.542
	 
	1.285
	0.040
	594.794
	5 (Change Pnt)

	 
	1.309
	 
	0.233
	595.027
	6

	 
	1.309
	 
	0.000
	595.027
	7

	 
	1.305
	 
	0.004
	595.031
	8

	1.210
	 
	1.309
	-0.004
	595.027
	9 (Change Pnt)

	 
	1.212
	 
	-0.002
	595.025
	10

	1.340
	 
	1.286
	-0.074
	594.951
	11 (Change Pnt)

	 
	1.198
	 
	0.142
	595.093
	12

	 
	1.218
	 
	-0.020
	595.073
	13

	1.261
	 
	1.220
	-0.002
	595.071
	14 (Change Pnt)

	 
	1.265
	 
	-0.004
	595.067
	15

	 
	1.430
	 
	-0.165
	594.902
	16

	 
	0.975
	 
	0.455
	595.357
	17

	 
	1.380
	 
	-0.405
	594.952
	18

	1.543
	 
	0.512
	0.868
	595.820
	19 (Change Pnt)

	 
	2.299
	 
	-0.756
	595.064
	20

	 
	1.291
	 
	1.008
	596.072
	21

	 
	2.163
	 
	-0.872
	595.200
	22

	 
	1.284
	 
	0.879
	596.079
	23

	 
	1.299
	 
	-0.015
	596.064
	24

	 
	2.188
	 
	-0.889
	595.175
	25

	1.059
	 
	1.287
	0.901
	596.076
	26 (Change Pnt)

	 
	2.104
	 
	-1.045
	595.031
	27

	 
	2.176
	 
	-0.072
	594.959
	28

	 
	 
	1.291
	0.885
	595.844
	29 (Last Pnt)

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	
	
	
	
	
	

	
	Backsight
	Foresight
	Diff
	Rise/Fall
	Reduced Lvl Check

	Total
	10.536
	9.692
	0.844
	0.844
	0.844

	
	
	
	
	
	


Figure 2 – Levelling calculations on Excel and checks.

Using the reduced levels worked out from the survey. I used them and created a graph to show the topography of the site. See figure 3. We created a datum by creating a line from our datum to the last point to workout the earthworks calculations. 

[bookmark: _MON_1713612189]

Figure 3 – Levelling Survey Graph 
In Figure 4, the graph has been annotated to show the cut and fill areas along the scheme. 
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Figure 4 – Earthworks areas off Graph
	Earthworks Calculations
	Fill 
	Cut
	
	Each Box equals (m2) 
	m3 to Tonnage
	Width 
	Total Cut Boxes
	Total Fill Boxes

	Total Area
	141
	26.5
	
	2
	1.6
	1
	13.25
	70.5

	Total Volume 
	141
	26.5
	
	
	
	
	
	

	Total Tonnage
	225.6
	42.4
	
	
	
	
	
	


Figure 5 – Earthworks Calculations 

Above is the earthwork calculations I carried out. In the green it shows the fill areas across the site. Likewise for the Cut areas shown in Yellow.
To work out the area and volumes of the earthworks I worked out the area of the squares on the graph and counted them to get the total number of boxes. Each box is 2 m2. So using that I times it by the number of boxes. Then I used the purposed width of 1 m from the specification given by Swansea City Council to work out the volumes of cut and fill. As the total volume of fill is 141 m3. the total volume to be taken is 26.5 m3. 
After working out the volumes of cut and fill to get the cubic metres then to get the tonnage I used the conservation factor given by the council of 1.6 for earthworks the tonnage of fill to be imported is 225.6 tons and for the cut its 42.4 tons to be taken away.

[bookmark: _Toc103010062]6.0 Conclusion- comments on the information from the levels plotted.

From reserving the results from the survey and importing them into a spreadsheet to work out the total tonnage of cut and fill for the site. I have concluded that the site itself is relatively flat. The amount of fill out weighs the amount of cut on the site. 
Area F1 has the largest quantity of fill to be imported to the site. Areas C1, C2, C3 and C4 indicate high points across the survey and then the fill areas in F2, F3 and F4  show low points. The levels vary from cuts to fill indicating the ground levels be here have varies low to high points showing that there are mounds and ditches across this section and causing a wave effect on the graph between these chainages of the survey. However this areas cuts and fills are relatively close and similar in size. So the cuts in these areas can be used as the fill instead of importing materials in to site reducing the cost of materials and quantities as well as reducing the CO2 produced from transporting the materials to site. 
Area F6 is the second largest fill area. As this area and F1 will need to have materials imported to site to fill these areas to the datum line. 
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Backsight Intermediate Foresight Rise/Fall Reduced Level Remarks  Chainage (X Axis) (Metres) Reduced Level (Y Axis)

1.170 595 1 (Datum) 0 595.000

1.417 -0.247 594.753 2 20 594.753

1.411 1.502 -0.085 594.668 3 (Change Pnt) 40 594.668

1.325 0.086 594.754 4 60 594.754

1.542 1.285 0.040 594.794 5 (Change Pnt) 80 594.794

1.309 0.233 595.027 6 100 595.027

1.309 0.000 595.027 7 120 595.027

1.305 0.004 595.031 8 140 595.031

1.210 1.309 -0.004 595.027 9 (Change Pnt) 160 595.027

1.212 -0.002 595.025 10 180 595.025

1.340 1.286 -0.074 594.951 11 (Change Pnt) 200 594.951

1.198 0.142 595.093 12 220 595.093

1.218 -0.020 595.073 13 240 595.073

1.261 1.220 -0.002 595.071 14 (Change Pnt) 260 595.071

1.265 -0.004 595.067 15 280 595.067

1.430 -0.165 594.902 16 300 594.902

0.975 0.455 595.357 17 320 595.357

1.380 -0.405 594.952 18 340 594.952

1.543 0.512 0.868 595.820 19 (Change Pnt) 360 595.820

2.299 -0.756 595.064 20 380 595.064

1.291 1.008 596.072 21 400 596.072

2.163 -0.872 595.200 22 420 595.200

1.284 0.879 596.079 23 440 596.079

1.299 -0.015 596.064 24 460 596.064

2.188 -0.889 595.175 25 480 595.175

1.059 1.287 0.901 596.076 26 (Change Pnt) 500 596.076

2.104 -1.045 595.031 27 520 595.031

2.176 -0.072 594.959 28 540 594.959

1.291 0.885 595.844 29 (Last Pnt) 560 595.844

Backsight Foresight Diff Rise/Fall Reduced Lvl Check

Total 10.536 9.692 0.844 0.844 0.844
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Microsoft_Excel_Worksheet.xlsx
Sheet1

		Backsight		Intermediate		Foresight		Rise/Fall		Reduced Level		Remarks 		Chainage (X Axis) (Metres)		Reduced Level (Y Axis)

		1.170								595		1 (Datum)		0		595.000

				1.417				-0.247		594.753		2		20		594.753

		1.411				1.502		-0.085		594.668		3 (Change Pnt)		40		594.668

				1.325				0.086		594.754		4		60		594.754

		1.542				1.285		0.040		594.794		5 (Change Pnt)		80		594.794

				1.309				0.233		595.027		6		100		595.027

				1.309				0.000		595.027		7		120		595.027

				1.305				0.004		595.031		8		140		595.031

		1.210				1.309		-0.004		595.027		9 (Change Pnt)		160		595.027

				1.212				-0.002		595.025		10		180		595.025

		1.340				1.286		-0.074		594.951		11 (Change Pnt)		200		594.951

				1.198				0.142		595.093		12		220		595.093

				1.218				-0.020		595.073		13		240		595.073

		1.261				1.220		-0.002		595.071		14 (Change Pnt)		260		595.071

				1.265				-0.004		595.067		15		280		595.067

				1.430				-0.165		594.902		16		300		594.902

				0.975				0.455		595.357		17		320		595.357

				1.380				-0.405		594.952		18		340		594.952

		1.543				0.512		0.868		595.820		19 (Change Pnt)		360		595.820

				2.299				-0.756		595.064		20		380		595.064

				1.291				1.008		596.072		21		400		596.072

				2.163				-0.872		595.200		22		420		595.200

				1.284				0.879		596.079		23		440		596.079

				1.299				-0.015		596.064		24		460		596.064

				2.188				-0.889		595.175		25		480		595.175

		1.059				1.287		0.901		596.076		26 (Change Pnt)		500		596.076

				2.104				-1.045		595.031		27		520		595.031

				2.176				-0.072		594.959		28		540		594.959

						1.291		0.885		595.844		29 (Last Pnt)		560		595.844















				Backsight		Foresight		Diff		Rise/Fall		Reduced Lvl Check

		Total		10.536		9.692		0.844		0.844		0.844



Levelling Survey



0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	300	320	340	360	380	400	420	440	460	480	500	520	540	560	595	594.75300000000004	594.66800000000001	594.75400000000002	594.79399999999998	595.02699999999993	595.02699999999993	595.03099999999995	595.02699999999993	595.02499999999998	594.95100000000002	595.09300000000007	595.07300000000009	595.07100000000014	595.06700000000012	594.90200000000016	595.3570000000002	594.95200000000023	595.82000000000028	595.06400000000031	596.07200000000034	595.20000000000039	596.07900000000041	596.06400000000042	595.17500000000041	596.07600000000036	595.0310000000004	594.9590000000004	595.84400000000039	Chainage





Reduced level










image12.png
Reduced level

8300
020
8100
800
5000
5000
570
5600
550
5400
5300
520
5100
500
400
4800
2470
4000
450

Levelling Survey

£y

00

20

10

100

)

M0 20 0 W0 2o W0 2o M0 W0 W0 A0 20 40 60 40 00 20 0 50

Chainage

=0 o0





image1.png




image2.jpeg




image3.jpeg




image4.jpeg




