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Introduction

Detailed in the following report is a report for a major road construction project around the city campus. The detailed report will include step-by-step levelling procedure and involve the reduced levelling computation for the entire survey. The survey has been completed with twenty-five survey points, each at a twenty-meter interval. The following will provide a general overview of levelling and the equipment used to conduct the survey. The report will also detail the levelling procedure, followed by the computation and plotting of the survey points, finished off with a conclusion.

General overview of levelling Surveying

Surveying is the most common method of “presenting a way of plan which is a true-scale representation of an area in the two dimensions that form the horizontal plane” (Arthur Bannister, 1998), Levelling is also detailed throughout this report which is defined by the procedure along with relation in difference for the altitude between a number of different points along the earths surface (Arthur Bannister, 1998), using these two definitions provides a full understanding as to what is expected when you conduct a levelling survey. The application which has been undertaken for this report has been completed so that the ground elevation is known, providing guidance on the difference between all of the points on the ground and with this known data collected, it can help distinguish the rise and fall, which overall provides data to enable workers to level the ground with cut and fill procedures. In relation to levelling surveys there can be challenges faced in both the procedure and the data computation. The issues faced with the procedure can be that all workers conducting the survey must be there to complete the survey. The reason for this is that if multiple workers collect the data, it will provide inconsistency with data collection. The surveyors must also be very cautious and accurate when taking the data from the field and inputting onto the booking sheet as one mistake could alter the overall collection of data and make the data inaccurate and invalid. The challenges that can be faced in relation to the data computation can be that again, one mistake can alter the whole survey, so being very careful and accurate is crucial to avoid random errors and systematic errors. Levelling surveying can be found in many different types. These are the different types of levelling;

·  Simple levelling

·  Differential levelling

·   Fly levelling

·  Precise levelling

·  Profile levelling

·  Reciprocal levelling

· Check levelling

(BrainKart.com, N.D)
Booking is another critical part of levelling surveying. Booking is all about collecting the data. Normally booking is done via a ‘booking sheet'. This sheet can come in two different types of levelling layouts, one of the layouts being the rise and fall method and the other being the height of collimation method. These different methods both give you the same calculation.

Equipment used in levelling

[image: PHOTO-2022-03-28-15-05-29.jpg]To carry out a levelling survey, the following equipment will be needed. In order to take measurements, you need a level and staff with five meters. It would be beneficial if both of these levelling equipments included a levelling bubble. This will help in respect of accuracy, as the bubble helps level both the level and the staff ensuring an accurate and correct reading. The level should be placed on a tripod and at the correct height for the surveyor using it. It may also be beneficial to always have a plumb and bob on hand if a level does not contain a levelling bubble. A measuring tape will also be required to measure the distances between the initial points.Figure 1.1- All Equipment Used


Levelling Procedure

[image: PHOTO-2022-03-28-15-05-30.jpg][image: PHOTO-2022-03-28-15-05-23.jpg][image: PHOTO-2022-03-28-15-05-29.jpg]When conducting a levelling survey, this in the procedure in which you will need to follow to conduct a successful levelling survey. Firstly, you will need to make your way to the intended site in which you wish to survey, select a temporary benchmark, when selecting a temporary benchmark you must choose a permanent fixture, for example, a man hole cover or something that is very unlikely to move. After choosing the temporary benchmark you will need to set up all equipment, to do this you will need to construct the tripod onto the temporary benchmark around the centre to ensure accuracy of the rest of the report, next you will need to carefully remove the level from its travel case, place level onto the tripod, tightly securing the base-plate to the tripod. Now that the level is securely fitted to the tripod, you will need to ensure it is level, to do this, using the foot screws on the bottom of the level, twist these while looking at the levelling bubble, you will know the level is in the correct place and completely level when the levelling bubble centres itself to the ring the glass of the levelling bubble. Next, you will need to measure your distance between each interval, for this survey, the interval reading was 20 meters, using the measuring tape, measure from the centre of the point in which you placed your tripod, once you have measured the interval different, the surveyor who is using the staff will need to place the staff at the point in which the measuring tape measures the correct distance. Once the staff is in position, you will need to focus the level, to do this you must use the objective with your eyesight, while turning the Focusing knob until the staff becomes visible and the surveyor is able to see the readings clearly. To conduct the surveying now all the equipment has been set up correctly and accurately, you will firstly need to take a backsight, you must note all readings onto the booking sheets into the correct columns, either backsight or foresight. After taking the backsight, you must then take a foresight reading, shortly after you have taken this reading you are must change the point of the tripod, to do this, it is important to note that the staff cannot move from the previous reading [image: PHOTO-2022-03-28-15-05-29.jpg]especially while the change of the tripod move is happening, once again, measure the interval distance using the measuring tape and move the tripod or instrument that point. After the instrument change, you will need to re-focus and adjust the instrument to a level position again. you will now take a backsight reading followed by three intermediate site readings, [image: PHOTO-2022-03-28-15-05-26.jpg]these are all measures with the distance of twenty meters between each point, finished by a foresight reading. The reason for the intermediate readings is because the instrument was able to reading three readings on the staff before it became difficult, having intermediate readings helps speed up the process of the levelling surveying as the instrument does not need to move during this time. The only time the instrument needs to move is when the surveyor is unable to read the staff due to it either being too far in the distance to read or the way in which the survey needs to be conducted the staff can not be seen from the previous point. The survey will need to continue following these steps, finishing off with a foresight reading.   Figure 1.4  - Level is in focus, enabling surveyor to read staff
Figure 1.3- Levelling Bubble
Figure 1.2 - Equipment Set Up
Figure 1.5 - Surveyor Conducting Reading
Figure 1.6- Surveyor Using Booking Sheet To Record Readings


Computation and plotting of level

[image: ]Once the survey has been conducted and all readings have been taken within the fieldwork, you will now need to compute and plot the level of the readings on the booking sheet. To compute the readings, you will need to use a formatting programme, input all data into a digital booking sheet and calculate either the rise and fall method or calculate the height of collimation method. This report used the method of rise and fall, to calculate this, you will need to minus the first which is the backsight and the foresight, this will provide you with the difference between these two readings, if the reading provided is a positive reading, you will need to input this into the ‘rise’ column likewise if the reading was negative, you will need to input this into the ‘fall’ column. Next, you will be required to find the difference between backsight and the first intermediate sight, then the next intermediate sight and the last intermediate sight, and ending on finding the difference between the last intermediate sight and the foresight. This is the process which needs to be followed throughout the whole report until you have calculated the rise and fall for all readings. Once all rise and fall readings have been placed, to check the work which has been completed is correct and accurate, it would be beneficial to calculate the sum of all columns created so far, for example, calculate the sum of backsight, then foresight, then intermediate and finally the sum of rise and fall. Following on from calculating the sum of each column, you will need to calculate the reduced level in the same format as calculating the rise and fall, apart from using the benchmark as the starting reading this time. Therefore you will need to calculate the reduced level by either adding or subtracting using the rise and fall readings. Again you must pay attention to the positive and negative readings, as they will indicate whether you will need to add or subtract providing you with the reduced level reading. Lastly, simply create two columns. One column needs to contain chainage, also known as the interval distance and the other column which contains the reduced level readings. Following the completion of these columns you will need to create a graph, labelling the graph according to your readings and their columns. It would be beneficial to add the change points of the instruments onto the graph. The report needs to indicate the cut and fill procedure therefore, draw a line from the first reading, right the way through to the last reading point on the graph, this is the cut and fill line, this is used to identify how much earthwork needs to be removed or added to ensure the ground is level. Cut and fill can be calculated by counting the number of squares above or below the line, these squares are counted in cubic meters.Figure 1.7  - Computing Data
Figure 1.8  - Graph Showing Levelling Data From Survey


Conclusion 

To conclude this report, Firstly the general points of the survey data collected, will be discussed. After the data had been collected and plotted onto the graph, it was easily seen how the ground of the surveyed site started very much level and towards the end began to become slightly more uneven. The survey started on a slight incline at the benchmark point, where it shortly levelled at point ‘B’. The survey equipment had a change point between points ‘A’ and ‘B’. The surface of the ground started declining down from point ‘E’ where another equipment change point happened for the readings down to point ‘G’, then inclining back up from point ‘G’ to point ‘J’ happened, where at this point another change point of equipment was made, before a small decline started to happen again from point ‘J’ to point ‘L’. The uneven site was easily seen in relation to the graph where from point ‘O’ before taking the remainder of the readings, the equipment made another change. The ground inclined to a vast height reaching point ‘Q’ before moderately dropping to point ‘R’. The ground starts to incline again from point ‘R’ to point ‘T' however another change point of the equipment has been made at point ‘S’ before a sudden decline happens to point ‘U’. The last sudden decline happens after the reading of point ‘V’, where this point drops down to point ‘W’. The ground inclines back up [image: ]through to point ‘Y’, at this point, the survey had reached the twenty-five points and no more readings were needed. The calculation of the earthwork happened shortly after plotting the fieldwork readings. The cut and fill method had been produced to calculate the earthworks needed. In relation to the Earthwork graph (Figure 2.0) The red line clearly displays the cut and fill line. This line is used to separate areas which need to be filled or cut in regards to earthwork. ‘Cut 1’ equals 143.5m3 total volume and ‘cut 2’ displays a volume of 10.25m3. 'Fill 1’ totals 1.5m3 as well as ‘Fill 2’ which totals 8m3. These cut and fill areas help distinguish where the earthworks need to be placed into the ground or what areas need to be cut to ensure the ground is level. The total cut that needs to be taken is 153.75m3 and the total fill is 9.5m3 with a total volume of earthwork amount being 144.25m3. The total volume of earthwork calculated was 144.25m3. This leaves us with a positive figure meaning that we do not need to bring in extra earthwork which could result in an additional cost.Figure 1.9 - Chart Showing Cut & Fill Volumes
[bookmark: _Hlk102651389]Figure 2.0 - Graph Showing Earthwork Computation
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