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Introduction.
What is levelling?
Levelling is the term used to describe the process of taking (recording) heights of the ground around a site using surveying equipment. It can determine whether land rises or falls through an area. These high lows are used to calculate the differences in elevation across areas in-order to know how much material/ soil needs to be removed or in- filled in to reach a required height or point in accordance to the datum level. The datum is a known height at a specific point in accordance to the earth’s surface and all other readings relate to this mark. 
(Anon.)2018














Aim of report.
The purpose of this report was to ascertain a site levelling survey at the university car park in order to collate information. This would be for the use in determining how much of a rise or fall there was in the land. The reason for this was that a new building was being planned for the site, to provide a dynamic new gymnasium centre for students and staff with a completion date of 2020.
This was being carried out on behalf of SA1 SEE SCENARIO PAPER.















Equipment 
The necessary basic equipment used for recording the change in elevation of the ground around a site for the purpose of surveying are as follows.
A Theodolite.                                                                                                                                                                                                                                                                                           
This is a theodolite and it has two main purposes. One of its uses is for calculating the measurement of angles around a site. The other purpose is for determining the gradient of elevation to the surrounding ground. It is made up of many parts and I have listed some important ones. A telescope for viewing the staff. Levelling head,[image: ] Vertical axis bolt for attaching to the tripod, plate level indicator that shows when station is completely level, upper and lower plates and levelling screws which are twisted to achieve a true level.
(Pradeep, 2019)
A Tripod. 
[image: Surveying Instrument in the Field]A tripod is a three-legged stand that the theodolite must be securely attached to via a rotating baseplate.  
The legs used to be made from wood but are now made from light weight extendable aluminium and they are often fitted with pointy metal feet to enable them to be pressed into the ground to hold the apparatus stable.


                                                                          (Sccssurvey.co.uk, 2019)

Plumb bob.
[image: Image result for plumb bob]A plumb bob is basically a weight that is pointed at one end with a piece of string attached to the other which is then suspended from the underside of the baseplate via a hook. The purpose of this is to centre the instruments directly over the station mark.


(Anon., n.d.)

Measuring tape.
[image: Top quality long carbon steel metal tape measure 30m 50m 100m high precision measuring tape]A measuring tape is used to accurately measure the distance between the measuring staff and the plumb bob. There are many different types from ribbon or cloth to steel. It has been observed that the use of a metal tape results in less errors because there is less stretch in the material.
(Anon., 2018)            



Measuring staff.
[image: SCCS 4m Telescopic Aluminium Staff]A telescopic measuring rod is used to take readings from different points around the site in-order to gain a better understanding of the topography.
 


(Anon., n.d.) [Accessed 22 Jan. 2019].



PPE
[image: ]
A hi viz jacket and safety equipment, known as personal protective equipment (PPE).
Under the 1992 regulations it is a legal requirement that all personnel must wear appropriate safety equipment specific and appropriate for the task. For this particular site and task we were issued a hi visibility vest.


(Tiger-supplies.co.uk, 2019)




[image: ]

 Field book and equipment.
This kit consists of a writing pad, pencil, eraser, sharpener and a small ruler and the play an essential part in surveying. It is here that the surveyor must record all the important information they have gathered such as site name (street- town ect) location (grid reference- road number). A sketch of the site showing TMA along with station points and measurements of heights and distances of all other points as travelled (back- intermediate and fore sites). 

	(Book, 2019)


[bookmark: _GoBack]
Procedure 


Collect equipment and check it is all working correctly and that there is no damage to any of it. Check if the theodolite is within the calibration period and that all PPE is compatible for use on site (no rips to Hi Viz/ hard hat in date). See above list for items used in this assessment.

[image: ]The order in which we carried out the procedure was to open and secure tri pod on the ground, we then attached the theodolite to it using the plate screw.
Then using the levelling knobs to accurately level the theodolite, checking air bubble on unit is located at the centre, (see diagram opposite) then I attached the plum bob from the hook beneath the tri pod. The next thing I did was to clearly mark my stations L1/L2 and all the points with a marker crayon.  My colleague stood at point A which was my known Temporary Bench Mark (TBM) of 298m and held the measuring staff as level vertically as possible and looking through the telescope eye piece I took the reading. I repeated this action a second time to make sure the reading was accurate. This was recorded into my field book as a BS and a separate note of the distance was added. We proceeded to take measurements from all other points from this station (L1) and then repeated for (L2) and these figures are shown in the (table 1 below). Along with this the terms used are as follows;
             Back site (BS) this is the first reading.
Intermediate site (IS) any other reading except the last.
             Fore site (FS) which is the last reading for that station. 
             


Dumpy levelling.
[image: ]

	Station 
	                    Point
	                   Point
	                   Point 
	                   Point

	L1
	1.610 BS         A              
	1.670 IS         B
	1.953 IS         C
	1.690 FS         D

	L2
	1.648 BS	 D
	1.835 IS	E
	1.759 IS         F
	1.753 FS         G



(Table 1)

1) From L1 my assistant first placed the staff on mark A (TBM) 298m and we recorded a reading of 1.610m and as it was the first reading it was a BS
2) My assistant moved to point B and a reading of 1.680m was recorded. As this was not my first or last reading it was noted as an IS.
3) My assistant moved to point C and a reading of 1.953m was recorded and this again was an IS.
4) My assistant proceeded to point D and a reading of 1.690m was recorded. As this was the last point of station L1 it also became my last reading and was recorded as my FS.
5) At this stage my assistant remained where he was at point D.  I moved stations to L2 and centred the tri pod over the mark I had placed at the beginning of the survey using the plum bob. I sited up 

the staff through the eye piece and a reading was taken and recorded as 1.648m, as it was the first reading from this station it become my BS.
6) My assistant moved from point D to point E placing the staff on the chosen mark and a new reding was taken. Measurement at this point was recorded as 1.835m and as it was neither the first or last reding it became my IS.
7) Again my assistant moved to the next mark and centred the staff on it. This point was F he levelled the staff and I sited it up and a measurement of 1.759m was recorded. This was another intermediate reading, so it was recorded as IS.
8) My assistant moved to the next point placing the staff over the mark that we placed upon the floor at the beginning and held the staff level. This was point G. I viewed the staff and recorded the reading of 1.753m and noting that this was the last point from this station I noted it as FS.  
The results of the exercise along with the calculations were entered onto a work sheet and appear in the table below. 


Findings and calculations.



	BOOKING
	REDUCTION

	Station
	Points
	BS
	IS
	FS
	Rise
	Fall
	RL

	L1
	(TBM) A
	1.610
	
	
	
	
	298

	L1
	B
	
	1.670
	
	
	- 0.06
	297.94

	L !
	C
	
	1.953
	
	
	-0.283
	297.657

	L1
	D
	
	
	1.690
	+0.263
	
	297.92

	Change of stations

	L2
	D
	1.648
	
	
	
	
	297.92

	L2
	E
	
	1.835
	
	
	-0.187
	297.733

	L2
	F
	
	1.759
	
	+0.076
	
	297.809

	L2
	G
	
	
	1.753
	+0.006
	
	297.815


(All Heights IN Meters)





Calculations.
1) The BS @ L1 1.610 – the IS @ L1 1.670 = - 0.06 and recorded as a fall.
The new RL at L1 will be 298 – 0.06= 297.942
2) The IS @ L1 1,670 – the IS @ L1 1.953 = -0.283 and recorded as a fall.
The new RL @ L1 will be 297.94 – 0.283 = 297.657
3) The IS @ L1 1.953 – the FS @ L1 1.690 = 0.263 and recorded as a rise.
The new RL @ L1 will be 297.657 + 0.263 = 297.92
This was the end of station L1, so the next calculations relate to L2.
4) The BS @ L2 1.648 – the IS @ L2 1.835 = - 0.187 and recorded as a fall.
The new RL @ L2 will be 297.92 – 0.187 = 297.733
5) The IS at L2 1.835 – the IS at L2 1.759 = 0.076 and recorded as a rise.
The new RL @ L2 will be 297.733 + 0.076 = 297.809
6) The IS @ L2 1.759 – the FS @ L2 1.753 = 0.006 and recorded as a rise.
The new RL at L2 will be 297.809 + 0.006 = 297.815


A quick check to make sure all calculations are fine can be done by adding the sum of BS and taking it away from the sum of FS (1.610+1.648=3.258) – (1.690+1.753=3.443) = - 0.185
And taking the last RL 297.815 -TBM 298 = -0.185 all above figures are in metres.
There are several reasons that might cause us to have an incorrect reading and some are as follows.
1) staff not vertical, leaning forward or back would give wrong height.
2) staff might have moved position slightly during change of station.
3) tripod might have moved.
4) numbers incorrectly imputed or misread. 






Fly levelling.
This was carried out on the same day at the same site only to obtain a reference from point A to point B. the equipment and site were set up in the same manner as the dumpy levelling and along with marking points A and B I had two stations L1 L2 and a mid point for the staff (Q). My assistant set up the staff at point A and I set up the theodolite at L1. I then viewed the staff and took the reading I double checked to make sure and recorded it as 1.57m and as it was my first reading it became a BS. My assistant moved to point (Q) I held the staff vertically I viewed the staff through the eye piece and recorded a reading of 1.7m. As this was my last reading from station L1 it became my FS. My assistant remained on the mark and I moved to station L2 and sited the staff and recorded a reading of 1.58m this was my first reading and was noted as BS. My assistant moved to point B and I sited the staff. The reading this time was 1.995 and noted as my FS.



1.57 (BS)	            1.7m (FS)                          1.58m (BS)                 1.995m (FS)
                     
   A                   L1                   Q                   L2                    B  



A                                            Q                                            B
	L1                                              L2
This shows that there is a slight raise in height and by adding the FS at B (1.995m) to TBM 298m we get a new height of 299.95m.
Word count 1934
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Theodolite is the main equipment for a surveyor. Theodolite is used for
measuring horizontal, vertical and deflection angles. Before measuring these
angles, temporary and permanent adjustment of theodolite have to be done
the initial stage. These adjustments of theodolite have to be done to measur
the correct angles.These are important in order to eliminate errors in
surveying.
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