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1.0 Introduction
I have been approached by Swansea city council about a new route connecting LLandarcy and Neath together. I have been asked to undertake a levelling survey a long with a proposed route. In this report I will describe the equipment used along with a step by step guide to how I carried out the levelling exercise. I will also show the rise and fall method and earthwork in a table and line Graph and I will conclude the areas that need cutting back of filling.

2.0 General overview of levelling surveying
Levelling is the general term applied to any of the various processes by which elevations of points or differences in elevation are determined. Levelling is defined as an art of determining the relative height of different points on, above and below the surface. The process of finding the elevation at a specified location relative to another known elevation (reference datum). The principle of levelling is to obtain the horizontal reference line to which vertical distances of points can be measured. Levelling can be used for building and infrastructure projects it can also be used in the process for design for highways, sewers, railways and other built forms of construction. Levelling can also be used to calculate the volumes of earthworks and used as site layouts for new foundations, contouring and to estimate the fall or gradient of pipework. There are 5 main types of levelling in surveying they are as following:
1. Direct levelling
It is the most commonly used method of levelling. In this method, measurements are observed directly from levelling instrument. Based on the observation points and instrument positions direct levelling is divided into different types as follows:

Simple levelling – ‘’It is a simple and basic form of levelling in which the levelling instrument is placed between the points which elevation is to be find. Levelling rods are placed at that points and sighted them through levelling instrument. It is performed only when the points are nearer to each. ‘’ (Asset information requirements AIR, 2022)
[image: Types of Leveling - Simple Leveling](Asset information requirements AIR, 2022)
Differential levelling – ‘’Differential levelling is performed when the distance between two points is more. In this process, number of inter stations are located and instrument is shifted to each station and observed the elevation of inter station points. Finally difference between original two points is determined.’’ (Asset information requirements AIR, 2022)
[image: Differential Leveling]
(Asset information requirements AIR, 2022)

Fly levelling – ‘’Fly levelling is conducted when the benchmark is very far from the work station. In such case, a temporary bench mark is located at the work station which is located based on the original benchmark. Even it is not highly precise it is used for determining approximate level.’’ (Asset information requirements AIR, 2022)

[image: Fly Leveling]
(Asset information requirements AIR, 2022)

Profile levelling –‘’ Profile levelling is generally adopted to find elevation of points along a line such as for road, rails or rivers etc. In this case, readings of intermediate stations are taken and reduced level of each station is found. From this cross section of the alignment is drawn.’’ (Asset information requirements AIR, 2022)

[image: Profile Leveling]
(Asset information requirements AIR, 2022)



Precise levelling – ‘’Precise levelling is similar to differential levelling but in this case higher precise is wanted. To achieve high precise, serious observation procedure is performed. The accuracy of 1 mm per 1 km is achieved.’’ (Asset information requirements AIR, 2022)


Reciprocal levelling – ‘’When it is not possible to locate the levelling instrument in between the inter visible points, reciprocal levelling is performed. This case appears in case of ponds or rivers etc. in case of reciprocal levelling, instrument is set nearer to 1st station and sighted towards 2nd station.’’ (Asset information requirements AIR, 2022)

[image: Reciprocal Leveling]

(Asset information requirements AIR, 2022)

2. Trigonometric Levelling
‘’The process of levelling in which the elevation of point or the difference between points is measured from the observed horizontal distances and vertical angles in the field is called trigonometric levelling.[image: Trigonometric Leveling]                                                     In this method, trigonometric relations are used to find the elevation of a point from angle and horizontal distance so, it is called as trigonometric levelling. It is also called as indirect levelling.’’ (Asset information requirements AIR, 2022)


3. Barometric levelling

‘’Barometer is an instrument used to measure atmosphere at any altitude. So, in this method of levelling, atmospheric pressure at two different points is observed, based on which the vertical difference between two points is determined. It is a rough estimation and used rarely.’’ (Asset information requirements AIR, 2022)

[image: Barometric Leveling]
(Asset information requirements AIR, 2022)


4. Stadia Levelling

‘’ Stadia levelling is a modified form of trigonometric levelling in which Tachometer principle is used to determine the elevation of point. In this case the line of sight is inclined from the horizontal. It is more accurate and suitable for surveying in hilly terrains.’’ (Asset information requirements AIR, 2022)
[image: Stadia Leveling]
(Asset information requirements AIR, 2022)






3.0 Equipment used in levelling

Types of equipment used in levelling:

Levels

The  are 4 main types of levels they are as follows:

1. Dumpy level- this a telescopic sight that has a self leveling bubble on it. This bubble is slightly adjusted when the line of sight is horizontal. This level can also be known as an auto level, levelling instrument or automatic level.

[image: Image result for dumpy level](dumpy level - Bing, 2022)


2. [bookmark: _Hlk109378271]Self level- ‘’The self-levelling level is similar to tilting level except that it has no micrometre screw. Instead, self –levelling level contains an internal compensator mechanism (a swinging prism or pendulum) that, when set close to level, automatically removes any remaining variation from level.’’ (Levelling Tools & Equipment in Engineering Survey, 2022)
3. digital electronic level - ‘’ is another levelling instrument set up normally on a tripod and it reads a bar – coded staff using electronic laser methods. The height of the staff where the level beam crosses the staff is known on a digital display. This type of level removes interpolation of graduation by a person, thus removing a source of error and increasing accuracy. ‘’ (Levelling Tools & Equipment in Engineering Survey, 2022)
4. Levelling staff- are graduated scale, they are held over vertically over the points and viewed through the telescopic level. The graduation is usually in alternate clocks and spaces of 10mm with numbering in meters and decimetres.

Tripods

A tripod stand is for supporting the levelling instrument, tripods provide a fixed base for all types of surveying instruments and sighting equipment. Instrument manufacturers have stadard surveying tripods

Plumb bobs

A plumb bob or a plummet is pointed tip weight which is attached to a string and is used for a vertical refrence line. Plumb bobs are fairly small in size and they are normally used for vertical datum measurements. 

Staff Bubble 

A staff bubble is a small circular bubble on a angle plate which is held agaisnt one corner of the staff to make sure the staff is held in the correct vertical position. 

Measuring tapes 

Measuring tapes are generally used for linear measurements horizontally and vertically. Tape measures are normally between 5metres- 30 metres in length. 

Total station

‘’The total station is an optical instrument generally used in construction, surveying, and civil engineering. It is useful for measuring horizontal angle, vertical angle, and distance and it does by analysing the slope between itself and a specific point.
The total station is a combination of a digital theodolite, an electronic distance measuring device (EDM), and a microprocessor with a memory unit.
This combination makes it potential to find out the coordinates of a reflector that aligns the instrument crosshairs on the reflector as well as measures the vertical and horizontal angles and slope distances.’’ (Total Station, 2022)
Theodolite 
Theodolite is a measurement instrument utilized in surveying to determine horizontal and vertical angles with the tiny low telescope that may move within the horizontal and vertical planes.
Field Book

A fielf book is a book in which surveyors or engineers use to record data and also make notes on a project. They will use this to refer back to datum points and levels.

Levelling terms used in a field book;

· Datum line is the refernece line with respect to which the levels of other station points are fixed 
· Heightof instrument is the elevation of the plane of sight with respect to assumed datum. It is also known as height/plane of collimation.
· Back sight (BS) it is the sight taken on the level staff, of a known elevation with the intention to obtain the elevation of plane of collimation.
· Intermediate (IS) it is the sight taken on tafter the back sight and before sighting the final point these are called minus sights. Thes are subtracted from the plane of collimation to find the reduced level of different points.
· Fore sight (FS) This is the last reading taken from the instrument. This is also a minus sight
· Change point (CP) or Turning point (TP) this is the turning point in which both BS and the FS are taken.
· Benchmark (BM) this is a relatively permanent object, natural or artificial, having a marked point whose eleavtion above or below a reference datum Is known. 
· Reduced level is the vertical diffrence between the level point and the datum line or the mean sea level.

4.0 Levelling Procedure 


In the list below I am going to state the sequence in which I proformed my levelling procedure for the new route linkin Llandarcy to Neath together:


1.0 I set up the levelling instrument at level station 0 this was my bench mark I marked this with a datum nail.
2.0 I held the staff on the datum (RL 633.000m) and I took the reading and used this as my back sight as this is the first reading after the levellling instrument was set up.
3.0 I measured 25m and took the reading at noted this down as foresight as this was a change point and station 1.
4.0 I then held the staff at station 1 and moved the level 25m to form my next back sight. 
5.0 I then took reading from my back sight to  25m away where the staff was and marked the measurement down under the intermediate sight section in my levelling book. Making this station 3 
6.0 I then took a reading from station 3 out 25m to form station 4 and then put station 4 down in the intermediate. 
7.0 I then took a reading from station 4 out another 25 m this reading and station 5 is under fore sight and a change of angle.

I used this process continiously over 550metres and closed it out with a final foresight reading that was put down as my final bench mark please my table of Computation for refrence of the procedure.








5.0 Computation Table and plotting level

Table of computation
[image: ]












Plotting level (chainage vs reduced level)



The cut and fill quantity’s and the quantity of soil to be exported of site


	
	
	Nr of Squares
	m2 per square
	Area (m2)
	Width of Road (m)
	Volume (m3)
	
	

	
	 Section A 
	6
	2.5
	15
	5.5
	82.5
	
	

	
	Section B 
	-0.5
	2.5
	-1.25
	5.5
	-6.875
	
	

	
	Section C 
	1.2
	2.5
	3
	5.5
	16.5
	
	

	
	Section D
	-0.5
	2.5
	-1.25
	5.5
	-6.875
	
	

	
	Section E
	1.2
	2.5
	3
	5.5
	16.5
	
	

	he 
	Section F
	-0.5
	2.5
	-1.25
	5.5
	-6.875
	
	

	
	 Section G
	5.5
	2.5
	13.75
	5.5
	75.625
	
	

	
	Section H
	-11.5
	2.5
	-28.75
	5.5
	-158.125
	
	

	
	Section I
	16.5
	2.5
	41.25
	5.5
	226.875
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	Balance = 
	239.25
	to go offsite

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	Cut = 
	418
	m3
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	Fill = 
	178.75
	m3
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


6.0 Conclusion of the cut and fill required for the new route 
[bookmark: _GoBack]After the findings for the proposed route from LLandarcy to Neath I concluded that there is 418 m3 of soil to cut from the proposed route. There is 178.75 m3 of required fill needed for the proposed route. This is leaving 239.25 m3 of soil to be removed from site to fill the levels required for the new Routes. I got the width of the road from the minimum adoptable standard for highways.
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Reduced Level Vs Chainage 
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Back sight  Intermediate site  Fore sight  Rise  Fall Reduced level (M) chainage (M) Remarks 

1.682 633.000 0 TBM/0

1.716 1.507 0.175 633.175 25 STN 1/CP A

1.597 0.119 633.294 50 STN 2

1.518 0.079 633.373 75 STN 3

1.722 -0.204 633.169 100 STN4

1.711 1.734 -0.012 633.157 125 STN 5/CP B

1.524 0.187 633.344 150 STN 6

1.518 0.006 633.350 175 STN 7

1.522 -0.004 633.346 200 STN8

1.584 1.538 -0.016 633.330 225 STN 9/CP C

1.288 0.296 633.626 250 STN10

1.603 -0.315 633.311 275 STN11

0.717 0.886 634.197 300 STN12

1.551 -0.834 633.363 325 STN13

1.638 -0.087 633.276 350 STN14

2.626 1.719 -0.081 633.195 375 STN15/CP D

2.489 0.137 633.332 400 STN16

1.536 0.953 634.285 425 STN17

1.563 -0.027 634.258 450 STN18

1.550 0.013 634.271 500 STN19

1.633 -0.083 634.188 525 STN20

1.897 -0.264 633.924 550 TBM/1

Totals  Totals Totals Totals  Totals

9.319 8.395 2.851 1.927 Rl last 633.924

0.924 Rl First  633.000

0.924

0.924
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Levelling of computation using the Rise and Fall Method

Levellling Book


image1.png
Prifysgol Cymru
% Y Drindod Dewi Sant

. University of Wales
Trinity Saint David

»




image2.jpeg
sraduated

horizontal line




image3.jpeg
158,550

5.76:
155,630

1255
2005
0130 153.030 g o45
ey,
-4 %
o 3s ® ©
18475 L o]

152.785





ACBA4002 Digital Surveying CW2                                                                                2020633 Jake Ro


berts  


 


 


1


 


| 


Page


 


 


 


 


 


ACBA4002 Digital surveying: Practical 


computation levelling.


 


 


By Jake Roberts 


 


Student Number: 2020633


 


 


Date 22/07/2022


 


 


 


 


 


 


 


 


 




ACBA4002 Digital Surveying CW2                                                                                2020633 Jake Ro berts       1   |  Page           ACBA4002 Digital surveying: Practical  computation levelling.     By Jake Roberts    Student Number: 2020633     Date 22/07/2022                  

