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Introduction
[bookmark: _Int_myA2vwp2]The method of establishing the height of one level in relation to another is known as levelling. It is utilized in surveying to decide the elevation of a point relative to a datum or to determine the height of a point relative to a datum. In this report, the focus of attention is on fly level observation or better known as the rise and fall technique. The levelling technique will begin at a reduced level of a bench mark and end at another reduced level. This means that all the information that is observes will be recorded in real time. Upon completing the reduced levels observation, the values will be calculated and booked. When the calculation and booking is completed and the reduced level value is known, we would use three (3) arithmetical checks, the back sight minus foresight equals the rise minus the fall equals the last reduced level minus the first reduced level. Using the checks mentioned, we can ensure the precision of the works. When all checks are completed and if there are no errors in the calculations, we would use the information from the reduced level values and the distance between each position of the level staff to create a landscape graph where we will use observation to determine which areas of the road for reconstruction around the city campus would need to be filled with materials that would be cut from the higher areas of the road and how much materials would need carting away or how much material would be needed to get to fill areas of the road that needs filling.
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About Levelling surveying

Levelling science may be traced back to ancient times of Greeks, Egyptians, and Romans with their huge construction endeavours. In early levelling techniques, water in a container was used to produce observations that seem to be parallel with the ground, or "level."

Precise storm surge and pollution models, highway plan, great resource management, and appropriate emergency readiness all require precise elevations. The Overview of the Coast started using trigonometric methods to decide elevations in coastal regions as early as 1817. The determination of exceedingly correct heights with equipment based on a bubble in a vial of fluid, known as spirit levelling as depicted in figure a, gradually superseded the less accurate trigonometric methods. NOAA's National Geodetic Survey proceeds to work on elevation nowadays, including innovative technologies like as the global positioning system (GPS) into its surveying arsenal.

[image: C:\Users\krump\OneDrive\Desktop\SCHOOL WORK\SEMESTER 2\DIGITAL SURVEYING\SEMESTER 2\item_1431763_8dce3badd3.jpg]
                        Figure a

    Spirit levels were first used to survey a geodetic-quality level line by the Coast Survey in 1857, according to historical documents going back to 1854. The Coast Survey's instruments division created and built a new and more exact level for this project since it required the most precise elevations to date. The Survey started designing a transcontinental arc of triangulation based on the 39th parallel or degree of latitude as a consequence of this new objective. In 1871, Congress gave the Coast Survey (later known as the Coast and Geodetic Survey (C&GS)) a specialised geodetic role to go along with its charting responsibilities.

Around 1950, technical breakthroughs developed automated, or self-aligning, levels, and digital readouts. These new levels eventually led to the replacement of the Fischer-style level with instruments such as the Zeiss Jena Ni 002 and the construction of a levelling equipment test network at what is now the National Institute of Standards and Technology. (US Department of Commerce, n.d.)
 [image: C:\Users\krump\OneDrive\Desktop\SCHOOL WORK\SEMESTER 2\DIGITAL SURVEYING\SEMESTER 2\1924_carl-zeiss_nivellier-ii_20140214215435b.jpg] Zeiss Jena Ni 002
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Importance of Levelling 

Working parallel and perpendicular to gravity is critical in the design and construction of our houses, the roads we cycle or drive on, the bridges we cross, and the office buildings we work in. Because gravity is the most powerful force influencing our everyday lives, levelling is essential in surveying and building.

Advantage and disadvantage of levelling

Advantages

· Levelling aids in determining the height of locations on the ground's surface.
· It is useful for establishing the road's centreline.
· The data received from the levelling procedure aids in understanding the topography of the land.
· Levelling is quite beneficial when planning buildings.

Disadvantages

· The levelling procedure takes a long time.
· The levelling procedure necessitated the use of a trained and technical individual.
· Plotting the levels on the map or sheet is an involved task that necessitated several computations.

Types of levelling

· Direct levelling

This is the most commonly used levelling method. This method involves taking measurements directly from the levelling tool. Based on the observation position and equipment position, direct levelling is divided into the following categories:

1. Simple levelling
In this simple and basic levelling method, the levelling tool is positioned between places where elevation can be obtained. Levelling rods are placed in certain places and visible by the levelling device. This is only possible if the points are close enough to each other and there are no obstacles in the way.

2. Differential levelling
Differential levelling is used when the distance between two points is larger. Several connection points are detected in this method and a device is introduced to each station to measure the height of the connection points.

3. Fly levelling
Levelling is used when the benchmark is too far away from the workstation. In this case, a temporary marker based on the position of the original marker is set at the workstation. It is used to assess the level, although imprecise.                 
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4. Profile levelling
The elevation of points along a line, such as a road, rail, or river, is often determined using levelling. Measurements of intermediate stations are collected under this condition, and the drop of each station is calculated. This cross section provides alignment.

5. Precise levelling
Precise levelling is comparable to differential levelling; however the precision is better in this situation. A serious observation process is used to obtain great precision. It is possible to obtain a precision of 1 mm every 1 km.

· Trigonometric Levelling 

The elevation of a place or the difference between points is determined using the horizontal distance and vertical angle observable in trigonometric levelling. This is sometimes called indirect levelling. To calculate the elevation of a place in terms of angles and horizontal distances, trigonometric relationships are used.

· Barometric Levelling

A barometer is a device that monitors the pressure of the atmosphere at any altitude. In this levelling method, the barometric pressure is recorded at two different locations and the vertical difference between the two points is determined. This is a rarely used approximation.

· Stadia Levelling

It is a trigonometric leveling method that uses the Tacheometer method to calculate the elevation of a point. The line of sight is tilted from horizontal to vertical in this case. It is more accurate and suitable for surveying rough terrain.
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Problems faced when doing levelling.

Staff Instability – due to the wind element

Refraction – because of the angle the reading was taking from, sunlight was getting into the lens of Automatic level instrument.


Terms involved in levelling surveying

· Benchmark
A site of known height is referred to as a bench mark. Depending on the topography, we usually utilise m.s.l. (mean sea level) or the surveyor shifts the datum.

· Back sight (BS)
The first reading we take after setting up an instrument or at a field reference point.

· Intermediate sight (IS)
The reading range between b.s. and f.s. is referred to as the intermediate sight.

· Fore sight (FS)
The final reading we do before changing instruments position

· Reduced level (RL)
This is the height or elevation above the point used as a levelling reference point.




















                                                                                                                                                                                                            5
Instruments that were used

· Tripod
A tripod is used to support several surveying instruments. The tripod features three legs that may be extended or lowered to accommodate the user's demands.


· Automatic level instrument
An auto level is an optical device that was used to establish or check points on the same horizontal plane of the levelling staff, and it contains an internal mechanism that reduces measurement variance and error.

· Levelling staff
A levelling staff is a tool that was used to assess the height difference between two places.


· Measuring tape
A Tape that was used to determine the distance between the levelling staff and the automatic levelling instrument.

· Levelling booking sheet
 This was used to record all the heights that were seen by looking through the auto level optical device on the levelling staff. 
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Levelling procedures used at site

· We set up the automatic levelling instrument at a levelled station position 1 (SP1)

· [bookmark: _Int_6xIt7Rpb]The levelling staff was placed using a measuring tape, 20m away from the automatic levelling instrument in a vertical position at the benchmark to take the first reading. This will be a back sight because this is the first reading.

· We move the levelling staff to station A and take a reading. This will be a fore sight because the staff would stay in that position while the instrument was moved.

· We then set up the levelling instrument at a levelled position station 2 (SP2), and took a reading at station A. This was a back sight.

· We moved the levelling staff to stations B, C & D and took readings. These were intermediate sights.

· We move the levelling staff to station E and take a reading. This will be a fore sight because the staff would stay in that position while the instrument was moved.

· We then set up the levelling instrument at a levelled position station 3 (SP3), and took a reading at station E. This was a back sight

· We moved the levelling staff to stations F, G & H and took readings. These were intermediate sights.

· We move the levelling staff to station I and take a reading. This will be a fore sight because the staff would stay in that position while the instrument was moved.

· We then set up the levelling instrument at a levelled position station 4 (SP4), and took a reading at station I. This was a back sight

· We moved the levelling staff to stations J, K, L & M and took readings. These were intermediate sights.

· We move the levelling staff to station N and take a reading. This will be a fore sight because the staff would stay in that position while the instrument was moved.

· We then set up the levelling instrument at a levelled position station 5 (SP5), and took a reading at station N. This was a back sight.

· We moved the levelling staff to stations O, P & Q and took readings. These were intermediate sights.
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· We move the levelling staff to station R and take a reading. This will be a fore sight because the staff would stay in that position while the instrument was moved. 

· We then set up the levelling instrument at a levelled position station 6 (SP6), and took a reading at station R. This was a back sight.

· We moved the levelling staff to stations S, T, U, V & W and took readings. These were intermediate sights.

· We move the levelling staff to station X and take a reading. This will be a fore sight and was the decisive point mark to record.
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	Station
	Backsight
	intermediate sight
	Fore sight
	Rise (+)
	Fall (-)
	Reduced level
	Comment
	Distance measured (X-Axis)
	Y-Axis

	1
	Benchmark
	1.483
	
	
	
	
	837
	SP 1
	0
	837

	2
	A
	1.685
	
	1.402
	0.081
	
	837.081
	SP 2
	20
	837.081

	3
	B
	
	1.489
	
	0.196
	
	837.277
	
	40
	837.277

	4
	C
	
	1.489
	
	0
	
	837.277
	
	60
	837.277

	5
	D
	
	1.478
	
	0.011
	
	837.288
	
	80
	837.288

	6
	E
	1.49
	
	1.48
	
	-0.002
	837.286
	SP 3
	100
	837.286

	7
	F
	
	1.569
	
	
	-0.079
	837.207
	
	120
	837.207

	8
	G
	
	1.71
	
	
	-0.141
	837.066
	
	140
	837.066

	9
	H
	
	1.565
	
	0.145
	
	837.211
	
	160
	837.211

	10
	I
	1.505
	
	1.481
	0.084
	
	837.295
	SP 4
	180
	837.295

	11
	J
	
	1.567
	
	
	-0.062
	837.233
	
	200
	837.233

	12
	K
	
	1.589
	
	
	-0.022
	837.211
	
	220
	837.211

	13
	L
	
	1.722
	
	
	-0.133
	837.078
	
	240
	837.078

	14
	M
	
	1.764
	
	
	-0.042
	837.036
	
	260
	837.036

	15
	N
	2.189
	
	1.689
	0.075
	
	837.111
	SP 5
	280
	837.111

	16
	O
	
	1.9
	
	0.289
	
	837.4
	
	300
	837.4

	17
	P
	
	1.402
	
	0.498
	
	837.898
	
	320
	837.898

	18
	Q
	
	1.949
	
	
	-0.547
	837.351
	
	340
	837.351

	19
	R
	0.601
	
	1.8
	0.149
	
	837.5
	SP 6
	360
	837.5

	20
	S
	
	0.56
	
	0.041
	
	837.541
	
	380
	837.541

	21
	T
	
	1.62
	
	
	-1.06
	836.481
	
	400
	836.481

	22
	U
	
	0.589
	
	1.031
	
	837.512
	
	420
	837.512

	23
	V
	
	1.682
	
	
	-1.093
	836.419
	
	440
	836.419

	24
	W
	
	1.62
	
	0.062
	
	836.481
	
	460
	836.481

	25
	X
	
	
	1.384
	0.236
	
	836.717
	
	480
	836.717

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	Total backsight – Total Foresight = -0.283
	
	Total Rise – Total Fall =         -0.283
	 
	Last reduced level - First reduced level = -0.283                       9
	


Leveling booking
SP6
SP1
SP2
SP3
SP4
SP5
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Volume of earth work
	Cut
	Unit volume/Constants
	Quantity
	Total volume

	C-1
	1
	148.75
	148.75

	C-2
	1
	12.25
	12.25


                                                                                                   Total cut                                  161
			
	Fill
	Unit volume/Constants
	Quantity
	Total volume

	F-1
	-1
	2.5
	-2.5

	F-2
	-1
	9.75
	-9.75


			                                                       Total fill                                 - 12.25

Total volume earthwork (cut+fill) = 148.75
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Conclusion
Throughout this fieldwork, the exercise the was set out was achieved. We appreciate the opportunity to use levelling procedures and the specialized side surveying apparatus to carry out the work that was set out to do. We calculated the reduced level by using the rise and fall method whilst adjusting the reduced level. We had to be precautious on the levelling process to avoid errors and ensure the instruments were in the right position by checking the bubbles on the instruments and double checking the reading that was taken. Using the rise and fall method and the adjusted reduced level, we got to determine the amount of volume of earth work that need to be done on-site which indicated that more areas needed to be cut than fill.
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