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Executive Summary

This report aims to outline the specific equipment, procedures and calculations involved in a thorough levelling survey. It will also outline how cut & fill computations were performed with the data collected.
Procedure

This section identifies the research sources used.

The findings of this report included the capturing of reduced levels via a levelling survey and research from secondary parties including books, archives and online content. All outlined in the referencing list. University lectures and notes also provided background to the research.
The report was constrained by the information given and researched and the need to complete it by 9th May 2022.
Introduction to levelling
Levelling is a branch of surveying in Civil engineering in which the heights of various points are measured and the differences in elevations calculated. However, within this discipline there are different types of levelling, such as:
· Direct levelling

· Trigonometric levelling

· Barometric levelling

· Stadia levelling

(The Constructor, 2022)
Direct levelling
The most frequently implemented of levelling methods, measurements are observed directly through the levelling instrument. Again, this type of levelling can be subdivided into categories, some of which are:
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Simple levelling – The most basic form of levelling in which the levelling instrument is placed between two points, the points sighted and elevation calculated.

· Differential levelling – Similar to simple levelling, however, these are taken across a number of intermediate stations (as shown in the diagram) and the instrument is shifted to different

            locations during the process.
· Fly levelling – This is conducted when the benchmark is very distant from the work station.
· Profile levelling – A method which is usually implemented to calculate elevations along a line, for railways or highways. Readings will be taken along this line and a cross section for the alignment can be drafted.
· Precise levelling – Similar to differential levelling, however, as the name suggests a high level of precision is required. An accuracy of 1mm per 1km can be achieved if performed correctly.
(The Constructor, 2022)
Trigonometric levelling
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Trigonometric levelling is the process where the elevation or difference in elevation is measured from the sighted horizontal distances and vertical angles. During this process, trigonometric formulae are used to perform the calculations (About Civil, 2022).
Barometric levelling
Much more rarely used in the modern day, barometric levelling is a method where atmospheric pressure is measured at two different points, with the use of a barometer. The vertical distance is then calculated but can be quite imprecise (The Constructor, 2022).
Stadia levelling

A modified form of trigonometric levelling. In this method ‘Tacheometer principle’ is implemented to establish the elevation of a point and the line of sight inclined from horizontal. This technique can be more appropriate in hilly terrains (The Constructor, 2022).

Equipment & procedures used in levelling

In order to perform a levelling survey, specific equipment must be used.
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The level

The readings required in a levelling survey can be sighted through a variety of instruments. These include:

· Dumpy/optical level

· Digital level

· Tilting level

· Automatic level

· Laser level

These instruments perform their requirements in slightly different ways but with the same aim…to collect levelling data. They also contain many of the same components, such as:

· A telescope – Used to observe and sight a levelling staff in the distance
· Diaphragm – Perfectly perpendicular cross hairs/stadia hairs from which the reading is taken

· Bubble – Used to ensure the instrument is level

· Tribrach plate/screws – Is immediately below the instrument. The screws on the tribrach are turned accordingly whilst observing the bubble in order to ‘level up’ the instrument
 (About Civil, 2022).
It is important to note that ‘parallax’ must be eliminated before a reading is taken. Parallax is an error due to the imperfect focussing of the eye piece (The Constructor, 2022).
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Tripod

The tripod is used to support the instrument and hold it securely. It consists of three legs and ‘shoes’ and are usually made of wood or aluminium.
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Levelling staff

The levelling staff is sighted through the level and the reading observed. The staff has small squares which increase/decrease in increments of 10mm and are usually 5m long when fully extended.

It is important to note that if there is no bubble attached to the staff, it must be ‘rocked’ back and forth towards the observer. The observer will then take the lowest reading, knowing this figure is when the staff is vertical (About Civil, 2022).
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Survey Book/Booking
The survey book is used to ‘book’ the levels and readings taken. A page will usually contain the following columns:
· Back sight – For the initial datum observation

· Fore sight – For the final reading or for a ‘change point’

· Intermediate – For all other observations in between back & fore sight

· Collimation (H.P.C) – The plane/level at which the instrument is sighting (usually in metres above ordnance datum)
· Rise/Fall – The vertical distance between two points

· Reduced level – The actual level of the observed point (usually in metres above ordnance datum)

· Distance – For any measured distances

· Remarks – For notes regarding the point being observed

There are predominantly two accepted methods of ‘booking’, these are the ‘rise & fall’ method and the ‘Height of the Plane of Collimation’ or ‘H.P.C’ (Designing Buildings, 2022).
Performed Level Survey
I was tasked with performing a levelling survey around the city campus. The brief stated that a minimum of 25 spot levels were required at 20m intervals. In order for an accurate and precise survey to be undertaken, a step by step process was paramount. The process was as follows:
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The tripod was set up in a safe area with a clear view of the datum (the initial benchmark), ensuring the legs were sturdy to minimise possible movement and the height was at a suitable level.
2. A dumpy level was placed onto the tripod and screwed into place securely.
3. With the use of the levelling screws and bubble, the instrument was ‘levelled up’ correctly (as seen in the illustration).
4. Whilst looking through the eyepiece, the cross hairs and observation clarity was focussed correctly in order to eliminate parallax and ensure clear line of sight.

5. The dumpy level is now correctly set up.

6. The method of levelling to be used was Rise & Fall.

7. A fresh page in the survey book was opened and the datum reduced level written down in the correct column.

8. The ‘Chain man’ was instructed to hold the staff directly on the datum whilst rocking it slowly back and forth towards the observer.
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The staff was observed through the instrument and the lowest reading taken, ensuring this is the reading when the staff is vertical. 
10. This reading was written down in ‘Back sight’.

11. The ‘Chain man’ was then instructed to go to the next point 20m away.
12. This reading was taken and written down in ‘Intermediate’.

13. During the survey, each point was also numbered in the ‘Remarks’ column in the survey book.

14. This process was repeated for the next point. However, the instrument was to be moved after this observation to minimise the distance between instrument and staff. So, this reading was written in ‘Fore sight’.

15. The instrument was then moved and set up correctly with the same ‘levelling up’ process.

16. From the new instrument position, a reading was repeated on the same point and now written in ‘Back sight’. This is necessary due to the height of the instrument altering when moving and is called a ‘Change point’.

17. This process of observations and bookings was repeated every 20m for 560m, resulting in a total of 29 points being observed.
18. During the survey, there were:

· 8 ‘Back sights’

· 20 ‘Intermediates’

· & 7 ‘Fore sights’

19. Once all 29 points were recorded, the differences in heights could be calculated. As stated, the Rise & Fall method was implemented. This involved calculating the height difference between consecutive points.
For example, the reading for point 1 was 1.170 and the reading for point 2 was 1.417. This means that point 2 is 247mm lower than point 1, as the higher the staff reading…the lower the level.
20. These calculations were done for every surveyed point.

21. Once the Rise & Fall calculations were complete, it was necessary to work out each points ‘Reduced Level’, which is recorded as metres above ordnance datum.

22. To do this, the Rise & Fall figure was simply added/deducted from the previous points ‘Reduced Level’, with a starting ‘Reduced Level’ being 758.000mAOD.

23. To close out the survey, checks were performed to ensure no error. This involved deducting the total figure of ‘Fore sights’ from the total figure of ‘Back sights’, whilst also deducting the first ‘Reduced Level’ from the final ‘Reduced Level’.
24. These figures were both 844mm, which meant there was no error in the survey.

25. The equipment was then packed up and secured safely.

These calculations can be seen in the next section of this report on the booking sheet.

Calculations & plotting of levels
From the completed levelling survey, I used the readings and chainages taken to plot a graph. From this graph, I also calculated an estimation of the cut & fill volumes required to reach the proposed FRL (Finished Road Level), as seen below.

[image: image10.png]



[image: image11.jpg]



Completed survey booking sheet with completed checks
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Levelling survey graph – Red line is proposed FRL (Finished Road Level)
                                          Blue line is existing surveyed levels

                                          Cut & fill sections are also annotated
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Final Cut & Fill volume calculations – These volumes were calculated by the counting of squares in the excel graph, with every whole square having a value of 2m3.
Conclusion

From the data collected and levels observed, I conclude that to reach the proposed FRL (Finished Road Level), an approximate material volume of 126.828m3 will be required at the site. However, this is only an estimation which was performed on ‘Microsoft Excel’.

For a far more accurate survey and volume calculation, which I perform daily in my role as a Civil Engineer, I would execute the following:

· Survey the area with a GPS receiver or Robotic Total Station at 1m longitudinal intervals, eliminating the need of a Chain man
· Save the points digitally as a dxf/dwg file

· Transfer the data via memory stick to the software I use, which is Topcon ‘Magnet Office’

· Within this software I would overlay the captured survey points with the proposed road levels.
· The software would then give me a 3D view of the entire area and tell me the elevation differences between proposed and existing, along with areas and volumes for cut & fill.

· I could also adjust and manipulate the levels/grades if needed, whilst also being able to convert the file for possible machine control use if required, eliminating the need for profiles/batter rails.

In my opinion, this would be a far more accurate and precise way of performing this required survey.
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