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1. INTRODUCTION

UWTSD, has planned a road construction through the campus in Swansea, the following report is the outline of the levelling survey conducted. The survey was conducted between the start and end point of the new road, to be constructed. There were 20m intervals between each level reading taken and 25 survey points in total for the entire levelling survey. The report will give detailed guidance on each step taken to complete the survey as well as all the equipment used and required. The levelling survey was an open traverse survey. The report will consist of images, diagrams and graphs with calculations used to recorded and compute the data collected.

2. GENERAL OVERVIEW OF LEVELLING SURVEYING

What is a levelling survey? 
Levelling Surveying is a method used to measure and compare the height of one point on a piece of land with regards to other points, on the land. This determines the difference in elevations between 2 or more points on a piece of land. The reason we do a levelling survey is to ensure engineers can, level, design, plan, and construct on that piece of land and to ensure that the land is suitable for the type of construction taking place, be it a building or infrastructure. (Rajput, n.d)
Open traverse survey was the type of survey chosen for this specific project as it is the most suitable for roads and coastlines. Open traverse surveying starts at one unknown point and ends at another unknown point. As shown in figure 1 below. (The Constructor, n.d) 
[image: Graphical user interface, application
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https://theconstructor.org/surveying/traversing-surveying-types-methods/35684/
The process in a levelling survey is measuring the difference in elevations between two points. This is the basis of a levelling or topographical survey and there are two main methods of calculation the differences in elevations between the points along the survey. Collimation or the Rise and Fall method of calculating. Both methods have a check and should result in the same answer no matter which method is used.

3. EQUIPMENT USED IN LEVELLING SURVEYS

Depending on the type of surveying you are carrying out will determine the type of equipment required to gather, record, and compute the data collected. Figure 2 shows the basic equipment required to carry out a levelling survey. The correct use of equipment is vitally important, the equipment needs to be suitable for the intended use, safety of personal, enable the capturing of accurate data, no missing data, and be carried out in a systematic sequence to minimise error.
The booking of all levelling data is retained as a permanent record, which needs to be numbered for referencing purposes, this record needs to be kept in a fireproof storage cabinet, in time sequential order and include an index.
[image: Diagram
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Figure 2 - Digital Surveying Lecture-SEM2 WK1 (Dauda, n.d)
1. Tripod:
Has 3 extendable legs to be able to take the electronic level or total station attached to the top.
[image: A close-up of a tripod
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Figure 3 (RS Online, n.d)

2. Electronic Level:
A laser level in construction and surveying is a control tool, it is set on top of the tripod and levelled manually by adjusting the turning adjustments until the bubble is levelled and centred to give an accurate reading. You view through the device and line up the crosshair line and read the data presented. (One Point Survey, n.d)

[image: ]
Figure 4 (Leica Geosystems, n.d)

3. Measuring Tape:
Also called a surveyor’s tape, these are used when you need to measure distances that are longer than a normal tape measure can handle, and with good accuracy.
[image: A picture containing power saw, tool
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Figure 5 (Johnson Level, n.d)

4. Field book:
Field book to record all data and findings, these notebooks are waterproof as well which assist to ensure data is not destroyed or lost in any way.
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Figure 6 (Euroffice, n.d)

5. Hi-Viz:
All members of the surveying team should wear a Hi-Viz vest to ensure, they are always visible for safety reasons. 
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Figure 7 (The Safety Supply Company, n.d)

6. Levelling Staff:
The levelling staff is used to measure the difference in height between your various points on the survey. The crosshair lines will line up with a height on the staff and that is what you record in your data collection to calculate once completed and all data necessary gathered.
[image: A close-up of a syringe
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Figure 8 (Best Op Book, n.d)

4. LEVELLING SURVEY PROCEDURE

First ensure you have all the correct equipment, (as seen in the image below) and you will require a minimum of 3 in your survey group to be able to proceed with out any issues in collecting your data.
Step 1
You will then set up your tripod on your first point or station, this will be your benchmark, this is a relatively permanent object being natural or artificial, ensure that the tripod is as much as possible at eye level for the person doing the readings.
[image: ]
Step 2
You will then place the level on top of the trip pod, and adjust the level with the turn screws on the base until the spirit level is level and centred.
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Step 3
Measure out with the tape measure 20 meters from your benchmark, this is where your first reading will be taking place with the levelling staff. The first reading on a levelling survey is called your back sight.

[image: A fire hydrant with a hose attached to it
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Due to the next position not being visible we had to move the tripod and level and set this up again as required, the levelling staff however remains in position and does not move except for rotating on the point for the next reading to be able to take place. This is now CP1 or change point 1, this reading will be a foresight reading due to it being the last in the position. The tripod and level then remain stationary on CP1 or change point 1 to take a further reading being the backsight.
From this point, we had clear vision through where the new road construction is to take place and therefor the tripod and level remained in position CP1, we then used the tape measure to measure 20 meters from CP1 along the traverse to the next point of reading where the levelling staff will be positioned for an intermediate sight reading or IS. 
This process then continued through where the proposed road construction, is to be built.
Definitions
Benchmark: This is your permanent point from which all your readings take place, this point needs to be something that won’t change.
Back sight: First reading on a levelling survey, this obtains your levelling plain, and all first readings are recorded as back sight.
Intermediate sight: These are your readings between each change point, they are taken after back sight and before foresight, these continue until you have another change point.
Fore sight: This is your last reading taken on the instrument.
Change point: The point at which both foresight and backsight are taken, where the instrument needed to be moved and set up.
How to view and take a reading

Once all your equiment is set up and level, you are now ready to take your readings, the first step is to look through they key hole and locate the levelleling staff, as seen in the following images below. You will need to focus the view with the focusing screws on the level, notice the crosshair as you are looking through the level, this is your point at which the reading is to be taken.
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Where the horizontal line runs across the levelling staff is the reading point. The levelling staff is a telescopic pole that will need to be raised in increments of 1m at a time, till the required height that is needed is visible. The markings on the staff level is marked in increments of meters, then centimeters and milimeters, the reading needs to always be taken to the 3rd decimal point.
[image: A picture containing text, clock
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Figure 8 (Dauda, n.d)
Examples of readings, in figure 8 above show the crosshair horizontal intersection.
The whole number represents the meters, so the first image for instance reads at 1.9m with the increments of centermeters as whole numbers 1 to 10 therefor it is 1.93 the next increment is in milimeters this needs to read with an acurate estimation depending on where the horizontal crosshair crosses. In the first image it is not far off the mark so it is fair to assume it would be approximiately 2mm therefor the entire reading reads as 1.932.
Therefor the second image reading would read at whole number 1.1m with the crosshair laying horizontally accros the 3rd increment up therfor 1.13 and slightly higher than the first reading on the milimeters so it is safe to assume it is 1.133
Recording a reading

This is when you require the third person that will be recording all the reading data, into the field book for computation at a later stage.
You will start at your benchmark, your first reading taken is the basksight, every reading thereafter where the equipment ie the tripod and level is not moved from position will be the intermediate sight,  your last reading when moving to a new point is your forsight, these are recorded as shown below to the third decimal point always.
Once all your data has been collected and correctly recorded in the field book,  you will then take this information back to the office and calculate and compute the data required to extract the information you need for the project. There are two method of recording and calculation the levelling survey data. The rise and fall method or the height of collimation method.
[image: ]
Recording all data in the field book
Rise and Fall:
This method calculates the difference in elevation between two consecutive points.
To calculate the rise and fall you would need to use the formula, backsight minus intermediate sight or intermediate site minus foresight.
BS – IS = + means a rise a – means a fall
IS – FS = + means a rise a – means a fall
Example below
[image: A screenshot of a computer
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(Dream Civil, n.d)
Height of Collimation:
This method calculates the height of collimation by adding the reduced level to the backsight, this gives you, the new height of collimation, you then subtract the intermediate sights to give you your reduced level computations. Once you reach a foresight you calculate the new height of collimation to continue with this gives you the next reduced level.
The check for height of collimation would be the first reduced level minus the last reduced level needs to be equal to sum of backsight minus the sum of foresight.
RL + BS = HC
HL – (IS or FS) = RL
Example below
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(Dauda, n.d)






5. COMPUTATION AND PLOTTING OF LEVELLING SURVEY

[image: Graphical user interface, application, table, Excel
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[image: Graphical user interface, application
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Earthwork Computation:
 Area of one block is 0.1 x 10 = 1 this gives me my constant.
[image: A picture containing graphical user interface
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Total Volume Earthwork Calculations 
Gives a positive value of 132 cubic meters to be cut.
[image: Graphical user interface, application
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6. CONCLUSION

There is a 132cubic meters of cut needed to level out the construction of the new proposed road through the campus in Swansea. A ground investigation will need to be done to determine the type of soil below the surface and whether the soil will be filled in elsewhere, there needs to be a proposed plan in place for the excavation and removal of the cutaway soil and the use of the soil as well as the transportation of the soil elsewhere where it may be required or stored. 
A materials management plan or soil resource plan needs to be created. A waste framework directive permit will also need to be acquired under the Environmental Permit (Environmental Permitting (England and Wales) Regulations 2007)

[image: Graphical user interface, application, Word
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(DEFRA, 2009)
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