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The following research paper provides a general overview of leveling surveying. Included in this overview is the equipment used within leveling surveying, the leveling procedure as well as a requested report of a survey that was undertook to reconstruct a road for UWTSD at their ocean front campus in Swansea.


What is Leveling? 

Leveling in surveying may be defined as a procedure which is employed to find the general or relative elevation between various points as well as the differences between those said points. It is the measurement of vertical distance in relation to a horizontal line of sight and is done with reference to a starting point (Reference Datum).

The Purpose of Leveling

Leveling can be used in construction and infrastructure projects to help with the design of roadways, sewers, trains, and other built structures. It can be used to compute earthwork volumes and as a site plan for new foundations, contouring, drainage, and estimating piping fall gradients. 

It can be used to calculate the height difference between two or more points, as well as the height of discrete points, as well as spot heights or plan contours. Leveling surveying data can also be used to plot data for road cross sections or the volume of the earthworks.

Terminologies in Leveling

Mean Sea Level: M.S.L at a site is calculated by averaging the height of the sea's surface for all phases of the tides over a long period of time (usually 19 years).

Datum: A datum plane is an arbitrary level surface or line against which the level of other lines or surfaces is calculated.

Benchmark: A benchmark (B.M) is a known elevation above the datum that is fixed as a reference point. A benchmark is a place whose height is known with certainty. A permanent object is usually chosen.

Backsight: The backsight or B.S. is the initial view of a levelling staff held at a known height position. It allows the surveyor to collect Height of Collimation. 
Intermediate sight: The intermediate sight is the foresight used on a levelling stick held at a point between two turning points to calculate the height of that spot. 

Foresight: The foresight is the final staff reading obtained from a level setting. The sight obtained on a levelling staff held at an unknown elevation to determine the amount by which the point is above or below the line of sight is known as foresight.

Reduced Level: A Reduced Level is a determined elevation in respect to a datum in surveying and construction. A datum relating to the height above mean sea level is frequently used to compute the decreased level of an object or surface. In this case, the datum is referred to as a Temporary Benchmark, or TBM.

Height of Collimation: Height of Collimation or the Height of Instrument is the elevation of the line of sight in relation to the assumed datum. 

Change Point: The change point is the location where both the foresight and back sight are taken during the levelling operation.



Equipment used in Leveling

Level: In the construction and surveying sectors, levels are used to set up level points and check heights. A level normally includes a telescope, a level, and a tripod for mounting. There are several distinct levels that can be used for a variety of various applications, including building levelling and settlement determinations, heighting for the construction of roads, railways, pipelines, and other structures, and ground levelling.
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Tripod: When supporting the levelling instrument, a tripod stand is used. All sorts of surveying instruments and sighting equipment can be mounted on tripods. Instrument manufacturers occasionally provide standardised surveying tripods with their levelling instruments.
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Plumb Bob: A plumb bob is a string-hung weight with a pointy tip on the bottom that is used to provide a vertical reference (called a plumb line). It can be used to ensure that structures are plumb, as well as to determine the nadir with regard to gravity at a certain place in surveying.

Leveling Staff: A level staff, also known as a levelling rod, is a graduated wooden or aluminium rod that can be used to determine differences in metric graduation on the left and imperial graduation on the right. While some levelling rods are one piece, many are sectional and can be shortened for storage and transport or lengthened for use.
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Staff Bubble: These are usually a little circular bubble on an angle plate that is pressed on one corner of the staff to keep it vertical. The reading will be overly large and may be severely off if the staff is not held vertical.
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Measuring Tape: A Measuring Tape is a flexible ruler, often known as measuring tape, is a tape measure. Fiberglass, plastic, and fabric are among the materials used to make tape measures. They are among the most widely used measurement instruments today.

Field Book: Professionals doing land surveys use field books. The books make it simple for professionals to record what they find and preserve detailed notes about a location. The books are usually designed to be portable, long-lasting, and light. 


Leveling Procedure 

The levelling equipment must be set up in position 1 at first. The backsight must be documented from position 1. The initial view of a levelling staff held at a known height location is referred to as the backsight. To eliminate mistakes caused by collimation, refraction, or earth curvature, the backsight and foresight distances should be roughly similar. Distances must not be so great that the graduations cannot be read accurately. The points to be noted must be below the instrument's level, but not below the staff's height.

In the Backsight column, write the first observation (on a known point) and enough detail in the Remarks column to identify it. From the site registry, set the reduced level of the point to zero.

Except for the foresight point, enter all other points on subsequent lines as intermediates. As before, write their names in the Remarks column. On a new line in the Foresight column, write the foresight.

Switch to the next setup on the instrument. On the same line as the previous foresight, but in the Backsight column, enter the following backsight.

On the outward run, repeat the technique at each setup, then reverse it on the return run to get back to the starting place. All additional change points are considered the same as the farthest point out.

When booking and recording, all levelling must be recorded in level books or levelling sheets, which will be kept as permanent records. They must be numbered so that station history and inspection paperwork may reference them. They should be kept in the same fireproof storage as the original record. They should also have an index and be put in chronological order in the site files.

Details about the site, the job, the date, the observer, the chainman, the booker, the weather, the wind, the instrument, and any other pertinent information must be supplied.

Methods of Level Computation

Within leveling surveying there are two types of computation methods. They are:

Rise and Fall Method: In levelling work, the rise and fall method is used to calculate the difference in elevation between two consecutive places. 

Determine the Rise or Fall using:

B.S - I.S or I.S - F.S
Where,
B.S. = Backsight
F.S. = Foresight
I.S. = Intermediate sight 

If,
B.S. - F.S.= +Positive (Rise) 
B.S. - F.S.= -Negative (Fall)
Determining new Reduced Level
New R.L. = Old R.L. - Fall = Old R.L. + Rise
Arithmetic Check
∑B.S. – ∑F.S. = ∑Rise – ∑Fall = Last R.L. – First R.L.


Height of Collimation: The height of instrument method involves adding the BS reading of a known RL point to the RL of the line of collimation. Height of Instrument refers to the RL of the collimation line. The RL at those points is calculated by subtracting the staff readings of all intermediate stations.

Determine the Height of Collimation using:

H.L. = R.L. + B.S.

Where,
H.L. = Height of Collimation
R.L. = Reduced Level
B.S. = Backsight

Determining new Reduced Level
R.L. = H.L. – I.S.

Where,
I.S. = Intermediate Sight

Arithmetic Check
∑B.S. – ∑F.S. = ∑Rise – ∑Fall = Last R.L. – First R.L.








Common Sources of Errors

Instrumental Disturbance: Collective imbalance is the most common cause of instrumental error. Keeping the horizontal lengths of the backsights and foresights at each instrument location equal will counteract this mistake, as previously stated. The inaccuracy will be proportional to the difference in distances when the observational distances are uneven.

Staff Degradation: Wear and tear, as well as repairs, might cause staff graduation mistakes, which should be checked with a steel tape. On backsight and foresight disparities, zero mistake of the staff produced by severe base wear will balance out. However, unless calibration corrections are done, inaccuracies will occur if two staffs are employed.

In the event of an observable error, a common way of resolve is by employing 

∑B.S. – ∑F.S.  = Last R.L. – First R.L

I.S. + F.S. + (R.L.s except first) = (each HPC x no of applications)

There is an allowable misclosure of = 5 √N mm, where N Number of BS station

If the calculation is correct and misclosure is permitted, distribute the misclosure between each instrument position cumulatively. 

	Station
	Distance
	Backsight
	Intermediate Sight
	Foresight
	Height of Collimation (m)
	Reduced Level (m)
	Comments

	1
	0
	1.685
	 
	 
	609.685
	608
	BM

	2
	20
	 
	1.489
	 
	 
	608.196
	 

	3
	40
	 
	1.489
	 
	 
	608.196
	 

	4
	60
	 
	1.478
	 
	 
	608.207
	 

	5
	80
	1.49
	 
	1.48
	609.695
	608.205
	CP1

	6
	100
	 
	1.569
	 
	 
	608.126
	 

	7
	120
	 
	1.71
	 
	 
	607.985
	 

	8
	140
	 
	1.565
	 
	 
	608.13
	 

	9
	160
	1.505
	 
	1.481
	609.719
	608.214
	CP2

	10
	180
	 
	1.567
	 
	 
	608.152
	 

	11
	200
	 
	1.589
	 
	 
	608.13
	 

	12
	220
	 
	1.722
	 
	 
	607.997
	 

	13
	240
	 
	1.764
	 
	 
	607.955
	 

	14
	260
	2.189
	 
	1.689
	610.219
	608.03
	CP3

	15
	280
	 
	1.9
	 
	 
	608.319
	 

	16
	300
	 
	1.402
	 
	 
	608.817
	 

	17
	320
	 
	1.949
	 
	 
	608.27
	 

	18
	340
	0.601
	 
	1.8
	609.02
	608.419
	CP4

	19
	360
	 
	0.56
	 
	 
	608.46
	 

	20
	380
	 
	1.62
	 
	 
	607.4
	 

	21
	400
	 
	0.589
	 
	 
	608.431
	 

	22
	420
	 
	1.682
	 
	 
	607.338
	 

	23
	440
	 
	1.62
	 
	 
	607.4
	 

	24
	460
	 
	 
	1.384
	 
	607.636
	 

	
	
	7.47
	
	7.834
	
	
	




	Arithmetic Check

	Total BS - Total FS
	Last RL - First RL

	-0.364
	-0.364
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	Earthwork Computation

	Cut
	Constant/Unit Volume
	Number/Quantity
	Total Volume

	C-1
	1.5
	70
	105

	C-2
	1.5
	7
	10.5

	
	
	Total Cut
	115.5

	
	
	
	

	
	
	
	

	Earthwork Computation

	Fill
	Constant/Unit Volume
	Number/Quantity
	Total Volume

	F-1
	-1.5
	2
	-3

	F-2
	-1.5
	5.75
	-8.625

	
	
	Total Fill
	-11.625

	
	
	
	

	
	
	
	

	Total Volume Earthwork
	Cut + Fill
	103.875





Conclusion

Based on the readings collected, the required earthwork shows that there will be two cuts of material, with a total of 115.5 cubic meters. Whereas, there will be two fills a total fill of -11.625 cubic meters. The total volume of earthwork required is 103.875 cubic meters. 

Readings also show that the proposed road will be sloped downward. 
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