Ben Davies /Assignment 2/Dr Jamiu Dauda/Digital Surveying

Contents:

2000-word Report (with calculations and drawings)

Brief: 

Swansea city council is planning to construct a new route linking Llandarcy and Neath together. You have been consulted by the client to undertake levelling survey along the proposed route. Explain the step by step involved in carrying out the levelling exercise, highlighting the equipment you will be using for the survey exercise and the data you will collect from the survey.

Use the provided data set as the observed spot levels taken at every 25m interval along the stretch of the proposed route, compute and plot the reduced level of the points using either rise and fall or height of collimation method. 

Also, estimate the volume of earthwork involved assuming the slope of the road with a straight line connecting the reduced level of the TBM with the reduced level of station 40.

For your computation of reduced level, assume a Temporary Benchmark (TBM) having a reduced level (m) equal to the last 3 digits of your student number.




1.0 Introduction

I have been asked by Swansea City council to construct and complete a levelling survey for a new route that is being built between Llandarcy and Neath that will connect the two towns. I will provide a walkthrough of what a levelling survey entails, a step-by-step instruction of how a levelling survey is undertaken, an overview of the equipment that I will use to complete the levelling survey and an overview of the data that I will collect during the survey along with the outcome of my survey. I will create a levelling survey from the route and provide a graph with the earthwork volume figures to with the rise and fall method







2.0 General Overview of a levelling survey
Levelling is a surveying technique that is a branch of surveying, the objective of it is to establish a measurement of specific points relevant to a datum. It is mainly used in cartography and geodesy to measure geodetic height; it is also used in construction to measure height differences of construction artifacts. Levelling must be completely accurate otherwise it will ruin a whole site survey. It is sometimes also known as spirit levelling and differential levelling.
There are many types of levelling, these include versions like Trigonometric levelling which is a process of levelling that finds the elevation through observed horizontal distances and vertical angles, Fly Levelling which is conducted when the benchmark is very far away from the workstation, there is also profile levelling which is adopted to find the elevation of points on roads, rails and rivers, there is also differential levelling which is a type of levelling that measures directly with a graduated staff to find the difference in elevation between two or more points, Simple levelling is a form of levelling in which an instrument is placed between points and the elevation is found from two levelling rods at each point and in the middle there being a levelling instrument to sight them, there cannot be any obstacles between the points otherwise the survey would become unsuccessful, and finally there is precise levelling which is an accurate method of differential levelling which uses highly accurate levelling equipment and has a far more rigorous observing procedure compared to simple engineering levelling, it can achieve orders from 1mm up to 1km.[footnoteRef:1] [1:  https://www.designingbuildings.co.uk/] 


3.0 Equipment used in levelling
During a levelling survey we are required to use many different types of equipment to get the best and most accurate results possible and to be able to carry the levelling survey out, Types of equipment that surveyors would normally use include a dumpy level which In other words is basically an optical level and this is primarily used to establish check points on a horizontal plane, they also use a tilting level which is an instrument that can be raised and lowered through a limited arc and still doesn’t impair the accuracy of reading although axis of rotation isn’t precisely horizontal. They also use automatic levels which include an internal pendulum that allows horizontal reading for more accuracy. They also use reticules (or diaphragms)and this is a glass plate with fine lines etched on it to provide the horizontal reference and stadia marks for estimating distances, The main piece of equipment they use though is a reading staff (Levelling staff) and this is a wooden or aluminium rod that is used in levelling to determine the difference in height between points or heights of points above a vertical stretch, they must be used with levelling instruments otherwise they will not work, and great care must be taken with them as they are very prone to damage and their measurements can be very easily misread, the staff must be held vertically.[footnoteRef:2] [2:  https://www.designingbuildings.co.uk/wiki/Levelling_in_surveying] 


[image: DATUM DMS5 5 METRE 5 SECTION ALUMINIUM LEVELLING STAFF | Smith Surveying  Equipment][footnoteRef:3] [3:  Levelling Staff] 

4.0 Levelling Procedure
Levelling is a straightforward step-by-step procedure, starting off with setting up the equipment which consists if a level head, a staff and a tripod. The level head compromises of an eye piece, a bullseye spirit level, levelling screws, and the base which has a 360-degree compass, the 5m staff is in sections and each block shows 1cm, each ‘E’ signifies 5cm and each section is 10cm and the streaks of red and black signify a meter.
4.1 Setting up equipment
The tripod is made of aluminium and plastic with lockable legs and a base plate to attach the level head onto. You must then look for the nearest OS benchmark which is a part of the national height system in the UK to form a reference to how far it is above sea level. Benchmarks are normally found on churches and other notable buildings like houses and bridges. If there are no benchmarks nearby you must set up a temporary one, to do this you must mark an easily identifiable permanent feature like a coloured brick in a wall or a fence post, make a careful note of the feature and mark down the height above sea level. You must then set up the tripod where you have a clear sight of the benchmark and preferably higher than it. Then place the level head on the base plate and attach it to the central screw, with the telescope parallel to the two other screws you should them level off by adjusting the two foot screws simultaneously with turning them in two opposite directions until the bubble is central you must then rotate it another 90 degrees so the telescope is facing the third foot screw, check if the placement is right in all directions, and if you’ve made a mistake you must repeat all the steps.
4.2 Taking a reading
 To take a reading you need to take the backsight, this enables you to calculate the height of the instrument/level from which other levels are calculated. The person with the staff must place the bottom of the staff level on the TBM making it as vertical as possible, then the person at the level must rotate the telescope until the crosshairs line-up with the staff, looking through the telescope, you take the reading where the central or stadial cross hairs meet, to the nearest centimetre. To then take the instrument height you then add the value of the reading you have just got to the value of the BM, and then finally you take the foresight where you turn the sight, and you find the point where the line of sight meets the levelling staff. Finally, when you have taken all the reading levels, you will need to calculate the reduced levels by subtracting each one from the instrument height. This gives you the reduced level of the ground at the base of the staff.[footnoteRef:4] [4:  ttps://jigsawcambs.org/images/step%20by%20step%20guide%20to%20dumpy%20level%20survey.pdf] 


5.0 Computation and Plotting of Level Survey
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Description automatically generated with low confidence]5.1 Levelling Table
Above is the levelling survey I completed for the route from Llandarcy to Neath and I measured the levels on the chainage every 25 meters so overall I did 40 measurements to reach 1000 meters. The last three digits of my student number was 775 so I started the value of the reduced level from that point, I calculated all the values with the rise and fall method which I researched and executed to ensure full accuracy on my values, if the value is positive then it must be put in the rise column and if the number was a negative then I put it in the fall column, you then add/subtract the values on the rise and fall columns from the reduced value dependent on if the number was a rise/fall. If the number is a rise you add on the last value on the reduced level, and if it is a negative then you must subtract from the last value on the reduced level. I then filled in the values and put it into a scatter graph as I have below.

5.2 Reduced Level vs Chainage Graph
[image: Chart, line chart

Description automatically generated]
I completed a graph from my table which shows how the reduced level in comparison to the chainage and as we can see it shows a scatter diagram with a positive correlation and with this graph I made five cuts and five fills to show how much the volume of earthwork would be which I have below.





5.3 Volume of Earthwork
[image: ]













The individual unit volumes were 200 cubic meters each, and as we can see the total volume of the cuts came to 750 cubic meters and the total volume of the fills came to 700 cubic meters, to get the total volume of earthwork you subtract the two from each other which I worked out to be about 50 cubic meters.

6.0 Conclusion and Comments on the information from the plotted levels
In conclusion I completely achieved my aims, since the back sight, intermediate sight, and foresights were pre-determined I could use the rise and fall method to carefully calculate reduced level for all tests with a start of 775 which is the last 3 digits of my student number, I worked out how to successfully read a levelling staff and through this was able to conduct a levelling exercise, In the reading we can see that the first reading (775.000) from the reduced level is slightly lower than the last reduced level reading which was (778.626) and the difference was (3.626). We had calculated the total volume of earthwork value to be around 50 cubic meters which is a low value of earthwork needed to be changed. Overall, I would say the exercise and procedure was a success as we got the results we looked for with a fairly low margin of error, I also showed good examples of equipment and a step by step of how they are set up to complete a levelling survey, and I hope myself one day to complete my own levelling survey.
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Back Sight Intermediate Site Fore Sight Rise (+) |_Fall (-) Reduced Level Chainage Remarks
1.371 775 0 TBM
2.354 0.983 774.017 25 STN. 1
1.222 1.132 775.149 50 STN. 2
2.501 1.369 773.78 75 STN. 3
1.432 3.587 0.996 772.784 100 STN.4/Change PT. A
1.872 0.44 772.344 125 STN. 5
3.25 0.573 1.299 773.643 150 STN. 6/Change PT. B
1.925 1.325 774.968 175 STN. 7
3.015 0.496 1.429 776.397 200 STN. 8/ Change PT.C
1.456 0.499 2.516 778.913 225 STN. 9/ Change PT. D
3.853 2.397 776.516 250 STN. 10
5.433 1.58 774.936 275 STN. 11
5.2 0.233 775.169 300 STN. 12
4 12 776.369 325 STN. 13
3.876 3.067 0.933 777.302 350 STN. 14/ Change PT.E
4.533 0.657 776.645 375 STN. 15
5.433 0.9 775.745 400 STN. 16
5.867 0.434 775.311 425 STN. 17
5.133 0.734 776.045 450 STN. 18
1.734 3.064 2.069 778.144 475 STN. 19/ Change PT. F
1.28 0.454 778.568 500 STN. 20
1.39 0.11 778.458 525 STN. 21
3.467 2.076 0.686 777.772 550 STN. 22/ Change PT. G
4.147 0.68 777.092 575 STN. 23
3.371 1.976 2.171 779.263 600 STN. 24 /Change PT. H
2.395 0.076 779.339 625 STN. 25
2.562 0.167 779172 650 STN. 26
2.501 0.029 779.143 675 STN. 27
1.432 3.587 0.996 778.147 700 STN. 28/ Change PT. 1
1.872 0.44 777.707. 725 STN. 29
1.675 0.573 1.299 779.006 750 STN. 30/ Change PT.J
1.734 3.064 1.389 777.617 775 STN. 31/Change PT. K
2.28 0.546 777.071 800 STN. 32
2.39 0.11 776.961 825 STN. 33
3.467 3 0.61 776.351 850 STN. 34 /Change PT. L
4.147 0.68 775.671 875 STN. 35
3.371 1.976 2.171 777.842 900 STN. 36 / Change PT. M
1.395 1.976 779.818 925 STN. 37
1.562 0.167 779.651 950 STN. 38
1.859 0.333 779.318 975 STN. 39
2.587 0.692 778.626 1000 STN. 40





