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Introduction
Surveying is a process of determining the relative heights or levels of unknown land surface elevation with respect to other known elevation or assumed datum; this is termed as “levelling.” The object of levelling is: i) to find the elevations of given points with respect to a given, and ii) to establish points at a given or assumed datum. The first operation is required to enable the works to be designed while the second operation is required in the setting out of all kinds of engineering works. Levelling deals with measurements in a vertical plane.
The Project
The University of Wales Trinity Saint David is the host of a state of the art new complex on the Waterfront of Swansea SA1. The development will home institutes and faculties such as Education, Architecture, Computing and Engineering along with the Construction Wales Innovation Centre and a new library. The University would like to continue the progression and development of the institute by creating a vibrant student and staff gymnastics centre by the year 2020. The location has been determined and will be erected next to the university’s library. The aim of the task is to carry out basic levelling on the proposed site to determine the difference in elevation and calculate the reductions in levels in a number of location points. This will be carried out using the Collimation method along with the rise and fall method.
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The proposed site at Waterfront of Swansea SA1



Equipment
Electronic level
The electronic level is an optical instrument. It is used to determine a vertical point in the same horizontal plane, known as ‘levelling’ it is used in partnership with the level staff provide the relative height level of desired marker point.
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Level tripod
A level tripod is an essential tool used during surveying; it ensures that the electronic level has a firm and stable surface to be attached to. The tripod has three extendable legs with pointed edge that can be adjusted enabling the tripod to sit on almost any surface without any concern of interfering with the levels.  
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Plumb Bob
A Plumb Bob is simply a sharp pointed weight that is attached to a string and fix to the underneath of the electronic level; this enables a precise vertical point to mark the desired coordinate. The point can then be used as an exact marker so the distance can be determined from the level to any given point. [image: Image result for plumb bob]
Measuring staff
The measuring staff is a rectangular shaped measuring rod that can be extended to achieve a height of an unknown point. It is imperative that the staff be held as vertically as humanly possible to ensure an accurate reading from the electronic level.
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Measuring Wheel
A measuring wheel is a device used in surveying to determine a precise distance from two locational points such as from the plumb bob to the measuring staff. 
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Hi Viz clothing and PPE
Personal protection equipment (PPE) and Hi viz are a legal requirement on any site. No staffs, contractor or even a visitor are exempt from wearing these and all must ensure they are compliant to the rules, these include hard hat, steel toe cap boot and hi viz clothing. 
[image: Image result for ppe]

Field book and Stationary
 A field book and stationary are as important as any other equipment used in surveying. All work carried out would be a wasted if the readings, location, distances were not correctly recorded. It also provides an opportunity to show exactly where each change point is and also show where the back, fore and intermediate points are through a drawn sketch of the site.  
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Influential Factors
There are many factors that can influence the results of the levelling task which could disrupt the project from the very beginning. 
Human error
· The measuring staff not held vertically or moved slightly from the marked points by colleagues. 
· The measurement not logged correctly in the field book. 

Weather
· Fog or lack of light could influence the reading if the staff is not clearly visible.
· Rain could penetrate the lens of the electronic level causing the vision to be cloudy.

Equipment
· The electronic level could be faulty or uncalibrated.
· The equipment could be damaged.
· The level of the electronic level may be uneven, although this could be down to human error.
Obstacles
· Obstacles such as vehicles or landmarks could obstruct the visibility of the staff, making the reading difficult or even impossible. 
· 
Calculation of reduced levels

	BOOKING
	
	
	REDUCTION

	STATION
	POINT
	BS
	IS
	FS
	RISE
	FALL
	RL

	L1
	A (TBM)
	1.610M
	
	
	
	
	900M

	L1
	B
	
	1.670M
	
	
	-0.06M
	899.94M

	L1
	C
	
	1.953M
	
	
	-0.283M
	899.657M

	L1
	D
	
	
	1.690M
	+0.263M
	
	899.92M

	CHANGE OF STATIONS

	L2
	D
	1.648M
	
	
	
	
	899.92M

	L2
	E
	
	1.835M
	
	
	-0.187M
	899.733M

	L2
	F
	
	1.759M
	
	+0.076M
	
	899.809M

	L2
	G
	
	
	1.753M
	+0.006M
	
	899.815M



Personal datum at point A is 900M.
1. BS @ L1 – IS @ L1 = Fall/Rise
1.610M – 1.670M = Fall of 0.06M
∴ RL @ L1 = 900M – 0.06M = 899.94M

2. IS @ L1 - IS @ L1 = Fall/Rise
1.670M – 1.953M = Fall of 0.283M
 ∴ RL @ L1 = 899.94M – 0.283M = 899.657M

3. IS @ L1 – FS @ L1 = Fall/Rise
1.953M – 1.690 = Rise of 0.263M
∴ RL @ L1 = 899.657M + 0.263M = 899.92M
Change of stations 
4. BL @ L2 – IS @ L2 = Fall/Rise
1.648M – 1.835M = Fall of 0.187M
∴ RL @ L2 = 899.92M – 0.187M = 899.733M 

5. IS @ L2 –IS @ L2 = Fall/Rise
1.835M – 1.759M = Rise of 0.076M
∴ RL @ L2 = 899.733 + 0.076M = 899.809M

6. IS @ L2 – FS @ L2 = Fall/Rise
1.759M – 1.753M = Rise of 0.006M
∴ RL @ L2 = 899.809M + 0.006M = 899.815M

In order to verify the new reduced levels the total Backsight level readings were deducted from the total figure of the Foresight giving a reading for the reduced level.

Backsight level reading – Total Foresight reading = Reduced level
Total Backsight level reading = 3.258M
Total Foresight level reading = 3.443M
∴ 3.258M – 3.443M =0.185M
Reduced level of 0.185M	
















Procedure
1. All the listed necessary equipment had to be collected and signed out the University. Once this was completed the equipment was then inspected for any sign of damage and within any calibration or expiry dates. 
2. Before our arrival on site we had to ensure that all members of the group were in the appropriate and specified PPE. 
3. Once on site the L1 and L2 positions had to be identified and marked with blue spay in the form of a dot. I then returned to my personal TBM position where all the equipment had been placed.
4. I then proceeded to position L1 where I removed the electronic level from its case and attached it to the erect tripod and securely tightened by screws. 
5. Having looked through the level it became obvious the levels were not horizontal and vertically on point which is essential for an accurate reading. The next procedure was to centre and level the electronic level through two adjustment rotary knobs located at the side of the level.   
6. To provide an accurate reading from the specified location a plumb bob was attached to the bottom of the tripod, this ensured the electronic level was directly above the L1 blue marker. 
7. Once the correct position had been established my colleague proceeded to position A which was my TBM of 900M. At position A my colleague held the measuring staff with both hand either side, once I was happy that the staff was held still and vertical I took my reading.  As this was the first reading it was the Backsight reading and read 1.610M, this was then checked again and once I was sure the reading was accurate it was written in my field book.
8. In order to determine the Intermediate sight level reading my colleague proceeded to position B and the procedure was repeated which resulted in a reading of 1.670M.
9. My colleague then proceeded to position C, again the procedure was repeated which produced a reading of 1.953M.
10. For my last reading known as the Foresight the reading was taken from position D. The reading showed 1.690M.
11. To clarify later where positions A, B, C and D were I drew a brief sketch of each the positions on site and noted all the correct readings from L1 in my field book.
12. My colleagues and I then changed location to point L2 where we repeated procedure 4 and 5. 
13. Once we were satisfied that all levels were correct my colleague then preceded to point D. This will then be my Backsight from point L2. Point D at L2 produced a reading of 1.648M.
14. The next point was the Intermediate sight E, this gave a reading of 1.835M.
15. An additional reading was required at F, which was again an Intermediate sight and read 1.759M.
16. The final reading was for the Foresight which we obtained from L2 and produced a reading of 1.753M. 
17. Once the final reading had been logged all equipment must then be placed securely in its original casing and signed back in to the university.

Setting Out – Dumpy Levelling
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Various points from the proposed site where the collection of measurements were taken.
	L1
	A=1.610M (BS)
	B=1.670M (IS)
	C=1.953M (IS)
	D=1.690M (FS)

	L2
	D=1.648M (BS)
	E= 1.835M (IS)
	F=1.759M (IS)
	G=1.753M (FS)



Terminology of surveying
Backsight (BS)
Backsight is the first reading of almost any survey task; the reading is taken from a known fixed position point or coordinate(s). Therefore survey progression from a known position to that of an unknown point. In simpler terms the backsight is a reading looking backwards along the line of progress. 

Foresight (FS)
A foresight is a reading from on an unknown position point or coordinate(s).  The reading for a foresight is taken looking forward as opposed to back along the line of progress. 
Intermediate (IS)   
Readings on additional points of interest are called intermediate foresights. There can be numerous intermediate points; these are found between the backsight and the foresight. 
Datum
A datum is a fixed starting point of a scale, this would be of a particular known height from MSL (Mean SEA Level)

Reduced level (RL)
Reduced level is the level of a point taken at height above the datum surface. This is known as RL of that point.
Fly levelling 
Fly levelling is an applicable form of levelling in which sights are taken from the most considerable distance possible. For this procedure a line of levels is run to determine approximately reduced levels of the points carried out with more rapidly and less precision. This levelling is preformed to connect benchmark to the starting point of the survey line. Only backsight and foresight readings are taken for this and auto level is moved strictly on the line joining benchmark and starting point of survey line



















Fly Leveling
[image: IMG_4669]
Reduced level at A = TBM 900
A – L1 = 1.57M (Backsight)
L1- X1 = 1.70M (Foresight)
L2 – X1 = 1.58M (Backsight)
L2 – B = 1.995M (Foresight)
Reduced Level @ B = Height of instrument – Foresight 
                                         A – B = 1.995M       
                                                      
A=1.75M                                                                                                                                                                       B = 1.995M
                                                             L1 = 1.70M 
                                                                                      
                                                                                                                        L2 = 1.58M


A=900M                          L1                 X1                 L2                                              B
 Backsight                                             Foresight           Backsight          Foresight
          
	Station
	BS
	IS
	FS
	HI
	RL
	Remark

	A
	1.57M
	
	
	901.57M
	900M
	

	X1
	
	
	1.70M
	901.57M
	899.87M
	

	X1
	1.58M
	
	
	901.45M
	899.87M
	

	B
	
	
	1.995M
	901.45M
	899.455M
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