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1.0 [bookmark: _Toc103006692]Executive Summary 

This report includes a brief introduction to a levelling survey, aided by a hypothetical case for a road reconstruction around the UWTSD city campus. This was completed by plotting and computing a levelling survey drawn from 29 points during a practical exercise. Results were obtained from spot levels at 20m intervals, recorded and computed, thus indicating the reduced level of the points using a rise and fall method. The equipment used for the survey exercise are also highlighted within this report along with the levelling procedure and booking results. A conclusion will be made from the results to show the amount of earth volume to be subtracted or added using a cut and fill method.

[bookmark: _Toc103006693]2.0 Procedure 

Content within this assignment has been derived from the Online resource lists given, books, background reading, revision of corresponding course lecture notes and content uploaded onto Microsoft Teams. Results used within this report were obtained by a practical field exercise with three last three digits from the authors student number used.
[bookmark: _Toc103006694]3.0 Findings 

[bookmark: _Toc103006695]3.1 Introduction to levelling surveying and application 

“Levelling is the determination of variations in altitude (or level) of points. It is usually performed with an engineer’s level and a levelling staff. This is known as spirit levelling” (muskett, 1995, p. 10). See Figure one. The reasons for levelling can differ depending on the desired operation for the levelling procedure being undertaken. In any construction works it is important to identify to what extent a ground level varies in level and the difference in elevation. See Figure Two. The main principles of levelling however are to determine the difference in height between known points. Direct levelling by way of taking a direct measurement vertically from two points taking measurements that vary in height up and down. The difference in height is measured on a true horizontal line of sight by the use of telescopes fitted with cross hairs. It is important all levels start with a fixed point; this is called a Datum point. For more Levelling related terminally see Appendix A. Level values or more commonly known as Ordnance survey benchmarks are found on Ordnance survey maps. In the UK altitude zero is taken at mean sea level at Newlin which is situated in Cornwall. (Greeno, 2020) These points are found on notable structures and also viewed on 1:500 series maps online. During levelling procedures on site, the Ordinance Survey benchmark is often referred to as the new temporary benchmark. If no benchmarks are in close proximity to the area of survey, the surveyor must establish a suitable datum point. The term reduced levels derives from when the heights of points above a datum have been found. If tied into an Ordnance Bench mark, this is then referred to as a ‘above ordnance datum. Levelling is also used to set out horizontal level surfaces that could include foundations, floors and floor slabs, along with determining heights along a number of ground points for the completion of sections to be drawn up. (Clancey, 1991) Results obtained from levelling procedures aid the construction industry professionals such as engineers, architects, surveyors and quantity surveyors to verify and justify the suitability of planned works in regards to designing and construction of roads, drainage, buildings and ground contouring. From a commercial point of view, levelling is important as it aids the cut and fill process used in cost viability at pre construction phases of developments “due to the financial implications of landfill tax and regulations” (Chudley, 2011). 




[image: ]Figure one                                                               Figure Two
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(Chudley, 2011, p. 38)                                                      (J.Pettet, 1981, p. 45)

	
[bookmark: _Toc103006696]3.2 Equipment used in levelling 

Over the past decade, many differing types of equipment have been used for Levelling yet the principles have stayed the same. The well-maintained and more frequently calibrated and serviced equipment will provide more accurate results.

[bookmark: _Toc103006697]3.2.1 levels and tripod 

The main instrument used for levelling is the level. There are three main types of levels currently used in industry. All levels sit on a tripod as shown in Figure 3 and is used for stabilising the level.  
                                     
          

Figure 3                                              Figure 4

    [image: See the source image][image: ]
(Bing.Microsoft, N.D)
(Seek, N.D)

The dumpy level shown in Figure 4 above was invented by William Gravatt and is the most common level used on construction sites. It comprises of a telescope, bubble tube and body piece. (musket, 1995).
The Automatic level shown in Figure 5 is one of the three levels to not use a sprit level, but instead relies on the pendulum and prism device to obtain a horizontal line of collimation automatically without any manipulation. The telescope is “usually more powerful than either the dumpy or tilting types with better resolution and accuracy of levelling” (Clancey, 1991, p. 107). However, John muskets states the automatic level is quicker in use but “in conditions of wind or vibration the staff image may oscillate, negating the instruments advantages” (muskett, 1995, p. 14) .

[image: ]                                                                                                                                                                                        Figure 5
 




(Clancey, 1991, p. 108)

The tilting level shown in Figure 6 is the oldest level used (muskett, 1995). The key individuality of this type of level is its vertical axis do not need to be truthfully vertical since the line of collimation is not perpendicular to it. Thus, the line of collimation is finished horizontal by the use of a tilting screw. Commonly found in surveys that need more accurate and precise levels.
Figure 6
[image: ] (Greeno, 2020)
3.2.1.1 Levelling up the levels 

The Most important part of all levelling processes is to ensure the equipment is correctly stabilised and level, thus ensuring the tripod set up accordingly. On level ground the feet equal distant apart, on uneven or sloping ground the feet adjusted ensuring the head is in the horizontal plain. Mounting the levels and ensuring the equipment is level by the use of centre bubbles as shown in Figure 7.
[image: ]Figure 7
 







                                                                                    (Clancey, 1991)


[bookmark: _Toc103006698]3.2.2 Tape or chain 

A measuring tape is used to measure the distance between intervals. It is of the most upmost importance the measuring tapes are held taught and flat free of obstructions to ensure accurate distances.

[bookmark: _Toc103006699]3.2.3 levelling staff and staff bubble
The levelling staff Figure 8, comes in many forms at lengths and in stainless steel or older version in wood. Most common is the telescoping staff. Sections extend and lock into place to ensure accurate length is preserved.  A distinct "E" pattern shows on staffs and conforms to BS 4484-1:1969 (Standards, 2022). The levelling staff is held vertically over the desired point. This pattern is intended to make easier reading of small section of the scale when viewed through a telescope. Measurements are shown in metres and 10mm blocks, enabling altitudes to be estimated to 1mm. Irregular colours differentiate each metre. The staff bubble, a circular spirit level which attaches to the side of the levelling staff to aid the staff holder.
Figure 8
[image: ] (muskett, 1995)

[bookmark: _Toc103006700]3.2.4 Field book

A field book is used to record all the levelling measurements. The Field book should be numbered for future referencing and filed in sequential order in adequate fire-retardant storage for permanent records. The two main layouts of a levelling field books follow the method from which the results were taken. Either Height of collimation method or the rise and fall method both shown in along with fields containing back sights, intermediate foresight, foresights, height of instrument and or rise and fall, reduced level Figure 9. Both layouts have a remarks page to aid the surveyor. Entries into the book are entered on successive lines but all booking values referring to one true point must be entered on the same booking line unless at a change point when using the height of collimation. Regardless of method and layout, an arithmetical check needs to be applied at the end of each page or end of the procedure. The surveyor can decide which method to use, however Clancy does state the height of collimation can be found to be the easier method due to less arithmetic, however using the rise and fall method can be more completely checked (Clancey, 1991).

Figure 9
[image: ] (J.Pettet, 1981)

[bookmark: _Toc103006701]3.3 Errors in levelling

With levelling requiring human interaction by means of a staff man and an observer, there is always the possibility of human errors. The staff may be swayed or not held at a true vertical, setting up the equipment incorrectly or reading estimation errors especially over longer distances and incorrect booking will cause error. Equipment can also be a source of error, from staffs not properly extended, incorrect telescope focus and damaged or faulty equipment. Parallax can be omitted by ensuring images of staff and crosshairs are in the same plane and refraction can be combated by avoiding grazing rays. Minimising the possibility of such errors by means of adopting procedures and techniques will help provide more accurate results.  Natural causes such as wind, sun and Rain can impact the equipment and also affect obtaining the reading by obscuring the lens, while heavy rain from staff to level can obscure the readings. Mitigation for this error would be to adapt a ray shade and umbrella but the most advisable method is to conduct the levelling procedure during better weather or in-between rainfall (J.Pettet, 1981).Accuracy in levelling within a limited area, the permitted closing error is proportional to the square root of change point locations. Allowable being 5√Nmm, 12√ per distance in kilometres in undulating country and 24√mm per kilometre in mountainous areas (muskett, 1995).



[bookmark: _Toc103006702]3.4 Levelling procedure and field exercise 

As a group of four, A field exercise was undertaken on campus to gain the reduced levels over 29 points at 20m intervals. The route of survey is shown in Figure 10. 


Figure 10
[image: ]

(Google, 2022)

The procedure pattern is always followed. The procedure below aided with photographs from the field work exercise will explain the procedure used.
· Firstly, gain an O.S map and note all Benchmarks. As we did not have access, a new temporary benchmark was needed 
· Complete full reconnaissance of the area to determine the methods to be used



[image: ]
  [image: ]
· Select the equipment needed       and set up the tripod at the first level instrument position. Ensuring all legs are locked 







[image: ]

· Screw the automatic level onto the tripod. Ensure again the tripod is fixed and there is no movement present






· Using the circular bubble as a guide, level the instrument until the bubble is within the inner circle as explained in Figure 7 previously. Before the first observation, ensure to tap the level to ensure the prism is freely moving and the cross hairs stabilise quickly



[image: ]

· We held the levelling staff at the first datum position and took the first reading. This reading was our TBM. This is a backsight. We booked the reading in the field book and labelled it Datum point in the remarks section





[image: ]

· We moved the staff to the next point and the observer took a reading and the booking made. This was an Intermediate sight.





[image: ][image: ]

· Between all the points, to ensure all points where 20m intervals we measured the distance with a tape and marked the floor with chalk. The staff then was placed on the chalk mark and held vertical for the next reading to be taken from the observer






[image: ]
· The third reading booked was a foresight, this was because it was the last staff position before the planned instrument move. It was important the staff holder remained in the same place as this foresight reading taken prior to the change point will now become the new back sight position for the new instrument location.








· This process was repeated over seven instrument change points and ended with a foresight at the end of the survey. The survey was open and was not closed. Closing a survey back to the datum point would prove the observations and bookings to be correct. Ending on a known known point is also a way of providing a check
















[bookmark: _Toc103006703]3.5 Computation and plotting of level (field exercise)

From the field work and the booking, I formulated the results onto an excel sheet. The readings and reduced levels are shown in Figure 11.

Figure 11
[image: ]
[image: ]




The booking values can also be shown on a graph as shown in Figure 12. The graph gives a visual reduced level indication and site topography. 



Figure 12
[image: ]





[bookmark: _Toc103006704]3.6 Volume of earthwork

[bookmark: _Hlk102935707] Volume of earthwork needs to be calculated to find out if a cut, fill or cut and fill method is needed. Minimising the earthwork taken from site is more sustainable and economical. Contaminated land however under the Hazardous Waste Regulations 2005 states “no person shall remove, or cause to be removed, or transport, hazardous waste from any premises unless those premises are, at the time of removal of the waste, notified premises or exempt premises” (Government, 2022). Figure 13 shows the cut and fill.

Figure 13

[image: ]






[bookmark: _Toc103006705]4.0 Conclusion 

From the results obtained, I can conclude the required earth work required is as follows;
[image: ]

The closer the amount of cut is to the fill amount the less transport would be needed. By using the cut to infill the fill levels, this brings a cost saving and also helping construction companies reduce their carbon footprint allowing a more sustainable approach to the proposed works. 
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Calculation checks need to be completed. This is checked by the following formula
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Ifthe values do not correspond, an error has occurred in booking or calculation.
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‘Vertical Line: A line that follows the local direction of gravity as indicated by using the
plumb Line.

Horizontal Line : Aline in a horizontal plane. In Surveying , it is aline perpendicular
1o the local vertical Surface.

Level Surface : A Curved surface that at every point is perpendicular to the local
plumb line. The plumb line means the direction in which the gravity acts. Level
Surfaces are approximately spheroidal in the shape. The common example of a level
surface is a body of the sill water.

Level Line : In a level Surface, it is a curved line .

‘Datum: It s a set of reference point on the surface level by using it measurements of
depth and elevation are taken. Geoid is a particular level surface that serves as a datum
for all elevations and astronomical observations.

Mean Sea Level (MSL) : It was previously Used as a datum line for the measurements.
Vertical Datum: It is used as a reference points for the elevation and it is the surface
that is arbitrarily assigned an elevation of zero, This level surface is also known as
reference datum since using this vertical datum many heights have been related to this
surface.

Elevation / Reduced level : It is the vertical distance of a point above or below the
‘Datum Line. For example : If the elevation of a point X is 702.8 Ft., So X is a point
702.8 Ft above the reference datum line. The elevation of a point is also called its
height above the datum and orthometric height.

Benchmark (BM) : A relatively permanent object, natural or artificial having a marked
point whose elevation above or below a reference datum is known. Common Examples
are metals disk set in a concrete.





image1.png




