Assignment 2 – surveying – Dr Jamiu A. Dauda


Introduction  

This report has been commissioned by Swansea city council, they are is planning to construct a new route linking Llandarcy and Neath together. The report is based on a levelling survey along the presumed route, this route is assumed to be a 1 meter wide foot path. 


General overview of levelling surveying 

The levelling is a branch of surveying, levelling is a process of determining the height of one level relative to another, essential point A to point B. It is used in surveying to establish the elevation of a point relative to a datum, or to establish a point at a given elevation relative to a datum. What this means is that from one signal known point, multiple other points of interest which usually are spaced out with a certain chainage, can be known in relative space. 
There are two steps in a levelling survey, the first of which is to produce the information on site by using the correct tools and machines, these will be recorded in a book which has a format table which allows for greater ease of this step. 
The second step is the produce a graph, this graph will represent the data obtained in a visual format, therefore allowing a greater understanding of the site/land. Also allowing others to understand the information for more clearly. In addition to this, the graph can be measured precisely and therefore accurate results can be created. This then allows for more accurate estimates to be produced. 
This is an essential skill for any civil engineer, surveyor or construction worker. Having this basic ability will allow for a much greater understanding of the land/site; will also allow for more advance skill later down the line. 


Equipment used in levelling 
[image: ]
(http://www.merlinlazer.com/shop_images/leica_jogger_Package_500x500.jpg)

The Dumpy which is shown in the above image, is the one used for this particular levelling procedure. This is the Leica Jogger 20 Automatic Optical Level, this was chosen as it has a wide range of uses from building surveying to area and land scaping surveying. This models comes as a package deal which includes an aluminium levelling staff, the tripod as well as the optical level its self. This module is certified and has to be calibrated every year within the company Lecia Jogger as this is they’re product, they don’t charge for the first year and as long as everything is okay with the machine then it only costs shipping.  
This costing a total of £226.80 with VAT is a great deal as if they of these components were bought individually they would cost more than £300. This is also available to most if not all European counties therefore making it a reliable dumpy and this will make repeatable results. 
This is a cheaper module as it doesn’t have a laser or a digital read out. This is manual operated and therefore human error can occur but if two people do this step then the most if not all of the error will be cancelled out. 
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The reading staff/pol will also be used and is just as important as the dumpy. This particular reading staff is made from aluminium and as come part of a bundle with the dumpy, mentioned earlier. Other reading staffs are made from hard woods, however these can slowly wear and are effected by the weather and climate. 
Aluminium staffs can be effected by heat, this is 21 to 24 micrometres per meter if you increase its temperature by 1 degree Celsius (A). This isn’t a lot and the temperatures needed to make this expand out of tolerance are far too high to be obtained in Welsh weather. 
This type of reading staff is extendable, allowing for greater range when surveying land with potential ditches and other ground obstructions. This also gives the staff an added benefit as it can be followed down into a much smaller rod so it can be transported or stored in a safe location. 
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The chainage is an old method of marking distances based on the number of links within the chain. This thermology has stuck and therefore whenever a distance between two points is to be measured it is referred to as the chainage. This method was replaced by the measuring tape as it was far more versatile. 
The measuring type shown above is the one used in this survey and is a Draper surveyors tape (50m). This measuring tape is certified and is a class 1 tape measure, this means that it is of the highest tolerance, therefore giving it a greater accuracy.  
This measuring tape is made from fibre glass, giving it the flexibility needed for site work and allowing to be more lightweight compared to a steel tape .In addition to this it has a stainless steel claw which can pierce the ground, locking it in place, also as its stainless steel it wont rust unlike some other measuring tapes out there.   
This measuring tape costs £11.99 including VAT. This is a nice low price for such a high end item. The company did cheap out on the casing, being ABS injected moulded, however this makes it lighter which is more ideal. 
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The Surveying book as clearly seen in the above image is a book which was tables printed onto them. In addition the title blocks and dividing lines are red allowing the user to clearly identify the columns. These books comes in varying sizes as well varying pages, this allows for all projects to have a decided book proportional to the size of project. This is a rather handy aspect of the books.
The book used in this survey is the Chartwell 2142 survey dimension book with size  106 x 205mm pages, the hard back is extra weather resistant which is more important in the welsh weather. This is £11.89 per book and is reasonable giving its extra resistance and longer table, suitable for this survey.  




Levelling procedure 
[image: ]
(https://www.boeingconsult.com/tafe/ss&so/survey1/level/notes-sur1.htm)

The above image is of a levelling procedure. The bench mark is labelled as datum, the actual bench mark was a temporary bench mark which was a reading staff, similar to the one spoken about previously. This image is just a representation of what actually happened and any figured shown in the above image are not from the survey, this is just a representation aid. 
The first step is to identify where the temporary bench mark was going to be placed and then place it there. Once this had been established then the chainage can be identified and marked out.
This was done by using the measuring tape and marking every 25m, the tape is only 50m, therefore from the TMB one was marked, then the tape was moved to that position then the next was marked and so on. This then left a line relatively straight with the odd expectation where a rock or root was in the way. 
The next step in the levelling survey is to set up the dumpy. This should be taken slowly and shouldn’t be rushed as if this isn’t level then all the reading will be wrong. The tripod is set up first and in the one used there is a spirit level which helps to get the top of the tripod level, the legs are adjusted to best suit that position and this position is marked “A”. The dumpy can then be placed on fastened into place, once here some checks are done to ensure the optical lenses can focus and can also move 360 degrees. 

The next step is to look through the dumpy at the TBM , read and record the height, this will be put in the back sight column. Next, with the dumpy at the same position look down to the next point, labelled “station 1”, which is 25m away from the TBM, take the reading and record it in the intermediate sight column. 
This process counties until the last position can be read from the current location of the dumpy. Which in this case was “station 4”, after this the dumpy is moved to the next location and is set up in the same fashion, but instead of proceeding to “station 5”, “station 4” is marked again and this reading goes into the back sight column. 
This processes is repeated until all 40 chainages have either a back sight, intermediate sight or fore sight reading, the same processes is used when changes locations of the dumpy, this happened a total of 12 times through this survey.
In order to eliminate errors resulting from any line of sight or collimation backsights and foresights should be equal in distance. The length of sight was kept at 25m, always commence and finish a level run on a known TMB and close the level traverse; this enables the level run to be checked.


Computation and plotting of level 
[image: ]
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With the data collected, it was compiled into an excel spread sheet, in which formulas were used to further eliminate error. This table can be seen above the graph, the formulas used were simple, it was used the previous reduced level plus the rise or fall, the reason for this is simple, the same formula could be used in all of them allowing it to be speedy and generate figures relative to the pervious one, in addition to this the fall had the minis sign left in as this would automatically be taken away. 
Once this table was complete, the information was highlighted, being the chainage and the reduced level. This then produced the graph above, the red line was put on later and represents the path, this gradient is roughly 4.5 meters increase in height over 1000 meters/1km, which is roughly a 1 to 220 gradient. 

[image: ]

This is the same graph as the pervious one, however each of the “cuts” and “fills” have been marked, with a total of 5 cuts and 6 fills. This was done for ease as to clearly illustrate which was a fill and which was as cut, also it helped in the calculating which is essentially estimating. 
[image: ]
In the image above shows the table which states how an estimate of much volume each cut and fill consists of. On the graph, each square is 25m in the X axis (Reduced level) and 1m in the Y axis (Chainage) and assuming the path is 1m wide then its 1x1x25 = 25m3 per square on the graph. 
Again a simple formula was used to calculate the total volume of each fil and cut, then these two totals were taken away from each other and this produced the excess. In this case there was 32.5 cubic meters of material excess, however this is only an estimate.  



Conclusion- comments on the information from the levels plotted 

In summary, the survey was a great success. The proposed route has had a levelling survey, the results can be seen above at pages 9,8 and 7. Other than a few slight errors like a rock or root being in the way of the exact position of a chainage mark, these were somewhat unavoidable. 
Based on the graph, there is some depth to the land, this has meant there are large amounts of earth which needs to be removed mechanically for example with an excavator, in addition there are large holes which need to be filled. To keep costs down, the earth removed should be reused as the filling medium for the holes/ ditches and any other gaps. 
The total estimated amount of filling medium needed is 506.25m3, the amount of earth needed to be removed is 538.75m3, this leaves an estimated total of 32.5m3 which will need to be skipped away. A tonne is roughly 0.67m3, with a 8 yard skip which can hold 8 tonnes, an estimated of ( 32.5/0.67 = 48.5 {1dp}) 49 skips full. Other measures could work for example selling the top soil, however it will have to be removed one way or another. 
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