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Introduction
I was asked by UWTSD to conduct a levelling survey for the purpose of new road construction near the campus.
This report is about the levelling process my team was involved in. 
This report is split into 2 sections, first I will attempt to explain the levelling survey process, the and the equipment involved.  In the second half of the report, I will explain my teams process in completing a levelling survey for the road works at UWTSD. I will attempt to make a clear and concise report discussing the levelling process, the computations, my findings, and the amount of work that needs to be done on the road in order to make the area level. 
[bookmark: _Hlk103024769]Overview of Levelling Surveying
Levelling surveying is a part of surveying which is used in many different roles such as cartography, engineering, and construction.
Levelling is a very important process in construction as it helps engineers to plan, design and construct buildings, services, roads, and many other built objects based off the computation from the levelling surveys. It is also useful for clients as it can give them a good idea of the costs of a job before any construction begins. Essentially, levelling is measuring the elevation of land from one point to the next. There are a few different types of levelling. One of the types is trigonometric levelling which uses concepts from plain surveying to find the levels of a building (CivilJungle, 2020). This is the least accurate type of levelling. Another type of levelling is simple levelling which is simply finding the difference between two heights using a level which is in one lace and is not moved (CivilJungle, 2020). The third type of levelling is reciprocal levelling which is used to measure the levels between many points, moving the level to different locations. This is how most construction sites use levelling to create plans as it is very accurate (CivilJungle, 2020). My team used the process of reciprocal levelling.








Equipment used in Levelling
When conducting a levelling survey, it is vital that the correct equipment is used. In this part of the report, I will explain the necessary equipment used to carry out a levelling survey.
The first piece of equipment used is a level. This is basically a telescope that can rotate 360° and has a levelling piece attached to it (usually a spirit level). This level is mounted onto a tripod, setup roughly to the head level of the user, to make it easily accessible for use.
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(Objective Quiz, n.d.)

The next piece of equipment that is needed for a levelling survey is a levelling staff. This is a tall pole that has height increments on it for the level to be aimed at, with a chainman holding the pole level to ensure readings are precise, which the user will then take a reading from. 
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(Smith Surveying Equipment, n.d.)
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Description automatically generated]On the levelling staff there will usually be a small bubble which is a spirit level. This will allow the user to ensure that the staff is level and straight, ensuring the readings are accurate.







(www.tigersupplies.com, n.d.)

Another essential tool that is needed for a levelling survey is a tape measure, to measure the distance to move the level to ensure the level is moving the same amount each time. 
The final piece of equipment needed is a field book to take notes of the readings that are given from the level. Below is an example of a surveyors levelling book. You can see how the book is split up into a table to record readings. A backsight is a reading taken when the equipment is first moved to a new position, a foresight is the last reading taken before moving the equipment and intermediate sights are everything in between. 
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(www.zenithsurvey.co.uk, n.d.)
Other important notes such as the weather, site, equipment used, and all other relevant notes will be held in the field book.
The field book will be kept in storage even after the computation is complete as a record proving the work was done and as the original document for the surveyor.
[bookmark: _Hlk103024828]Levelling Procedure
I have conducted a levelling survey myself and have made a chart of the profile of the ground that I have found. I will explain here, from my own experience (using my chart) how to conduct a levelling survey.
To conduct this survey, I worked in a small team of 4 people. I will now describe the procedure of conducting a survey as a small team. The first thing to do is to set the equipment up, ensuring that the level on the tripod is set up at around head hight and is level. This can be checked by using the bubble on the level. When your equipment is set up and ready to be used at a suitable position to start the survey you take your first reading. This first reading will be known as the datum point and will be used as a reference. The datum point needs to be taken near a benchmark so you know where the survey began (a benchmark is a permanent object that you can return to and know the exact location of such as the corner of a building or a bench) (Anon, 2018). The first reading will be recorded as a back sight as it is the first sight taken since the equipment has been relocated (Anon, 2018). 
The next step is to move the levelling staff to the next point (Point A) and take a reading. This will be known as an intermediate sight. It is important to label your points with either number or letters for calculation purposes.
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After you have recorded Point A you will need to move the staff to Point B and take a reading. This will be recorded as a foresight as it is the last reading taken before the equipment is moved (Anon, 2018).

After you have recorded the reading for Point B you will then need to move the level as in this example of my teams levelling survey the next points are not visible from position 1. Make sure you do not move the staff as you will need to take another reading from that Point from your second location. Once you have moved the equipment you will need to take a note of how far you have moved the equipment and record that in the field book and then take another reading of Point B and this time record it as a backsight as it is the first reading since the level has been relocated. 
The next step is to take a reading of Point C as an intermediate sight and then move the levelling staff to Point D for another intermediate sight reading. With my team we were able to use the level in the same position right from Point B up to Point M before having to move to position 3. All the readings that were in between these 2 points are intermediate sights as the level did not need to be moved.
At Point M, before we had to relocate the level, we then needed to take a foresight and then after moving the level on the tripod to the next location and taking a back sight reading of M. 
This process was then repeated up until Point X, which was the last point recorded, which was a foresight.
Some common mistakes that can happen which can ruin the entire survey include: 
Not ensuring the equipment is levelled by using the spirit bubble in both the level and the levelling staff. (CivilJungle, 2020)
Reading the wrong crosshairs on the level. (CivilJungle, 2020)
Not measuring the distance moved by the chainman with the staff or the levelling equipment when moved. (CivilJungle, 2020)

The next step in the levelling survey process is the computation.









[bookmark: _Hlk103024860]Computation
Below is a table I have made to assist with the computations from my teams levelling. My student number ends with 508 so that is the number that I have used for the first reduced level. I have calculated the height of collimation by adding the reduced level to the last reading taken. I only showed the height of collimation from the necessary places such as where we have changed the position of the level marked by C.P (Change Point).
You can also see from this table the readings that were taken which are indicated as backsight, foresight, and intermediate sight.
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Description automatically generated]I then used my table to create a graph which shows the distance (chainage) against the height of collimation to show the profile of the ground that UWTSD plan to work on. This profile can then be used the amount of material in the road that needs to be cut or filled to make a level road. You can see the areas in the road that need to be cut indicated by C-1, C-2, C-3, and C4. The areas that need to be filled are represented with F-1, F-2, F-3, F-4, and   F-5. To the right of this scatter graph, I then created another table showing the earthwork computations. As you can see the total cut and total fill values are found by finding the volumes of each area that needs to be cut/ filled and then adding them together. I found the value for the “Value/Quantity” section of the table by working out the volume of each cut/fill section individually. I then multiplied that by the constant value (increments between each square on the graph multiplied by each other) to find the total volume of each fill or cut section. The final part of the computation is to add all of the total volumes and total fills separately and add the fills needed to the cuts needed to find the total amount of earthwork needed.

Conclusion
In conclusion, this exercise has been successful in finding how much earthwork needs to be done around the campus in order to complete the road construction. The total volume Earthwork figure in my table shows how much earthwork needs to be complete. 74 cubic metres is a relatively low number in terms of earthwork that needs to be done to make a road level. This shows that groundwork can be planned and easily execute to make the road near the campus.
In summary, this report shows how it essential to conduct levelling surveys in order to get a good idea of the ground before any construction has begun so that the clients can get an accurate plan of the land which will help to determine the cost, time and manpower needed for the job.
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