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I am a surveyor for the University of Wales St David and have been given the task to carry out basic levelling and fly levelling on the proposed site (see figures 1 and 2) to find the difference in elevation and to calculate the reduced levels at various points at the site using the rise and fall method. The plans by the University are to create a vibrate staff and student gymnastics centre adjacent to the new library building in 2020. In this report, I will discuss about levelling, equipment used, a method, findings for the dumpy and fly levelling of the site and possible factors effecting my results. 
A method used to determine relative heights at different points above or below a surface is known as levelling.  Levelling is used in surveying to establish the elevation of a point relative to a datum. [1] Datum is any surface to which elevation are referred. We use levelling to inform the designers of the condition of the site.
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Figure 1.
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Equipment used at the site proposed
Personal Protective Equipment
Personal protective equipment (PPE) is equipment such as high visibility clothing, safety footwear and a helmet. This equipment ensures protection against health and safety risks at the place of work and must be worn before any work commences.
Electronic Level
Electronic level is a tool used to establish points in the same horizontal plane (see figure 3). The electronic level is used to read height levels from the levelling staff to obtain information such as height differences. 
Extendable measuring Staff
Extendable measuring staff up to 5m is used to gain height information at a point where the staff is placed. A person will hold the staff where needed while another can now read the height at that particular point using the electronic level at a different position. 
Tripod
A level tripod has three extendable legs (see figure 4) and is used to secure the electronic level onto the tripod. The electronic level screws into place ensuring the correct level meaning accurate results. 


Plumb Bob
Plumb bob is a weight suspended from a piece of string and allows us to measure whether something is exactly vertical (see figure 5). Many people such as architects, carpenters and surveyors use plumb bob’s.
Field Book
Field Book is one of the most useful equipment a surveyor uses. Inside the field book the surveyor draws a site sketch of the proposed site, with information on each point including their findings and where each back sight, intermediate sight and fore sight.
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[2] (Figure 3)                                         [3] (Figure 4)                           [4] (Figure 5)

Surveyors Terms
Fore Sight (FS) -  A sight or reading taken on a forward point along the line of progress from a known position. The fore sight is the last reading to be taken.
Back Sight (BS) - A sight or reading taken looking back along the line of progress from a known position. The fore sight is the first reading to be taken.
Intermediate Sight (IS) - A sight or reading taken in-between the fore sight and back from a known position. There can be many intermediate sights.
Reduced Level (RL) – Equating elevations of survey points regarding a known datum.  A base elevation which is used as reference to obtain heights.
Fly Levelling – Used when the site being surveyed is a large distance away from the known datum.  A back sight is firstly taken at a known point and then continues towards the end destination. Lastly the surveyor returns to the original place.


Date of the site work –  05/11/18
Time of readings – 1:37pm
Weather – Windy and Dry conditions

Method
Firstly, my team and I placed the correct personal protective equipment on before starting any surveying to ensure our safety and the safety of others. We then gathered all the necessary equipment as mentioned previously and checked the electronic level was within calibration dates and there was no damaged to any of the tools being used. When we arrived to site we located L1 and L2 (See figure 1). I set my tripod up at L1 and screwed on the electronic level. My team and I used the two knobs to the side of the level to make sure the spirt level attached was central to ensure we had the correct level. We then made use of the plumb bob, this allowed us to make sure the tripod was level while on L1 and L2. If the tripod and electronic level were not set up correctly, we would then have inaccurate readings. Once everything was set up correctly, I was then ready to starting surveying the site and record my finding in my field book. One of my team members took the measuring staff and moved to point A. My TBM of 562m is located at point A and while my colleague held the measuring staff upright I took a reading of 1.610m. This first reading will be my back sight at L1. Each reading was checked multiple times by different members of the team to ensure accuracy. My team member then moved to point B which would be my first intermediate reading at L1 where I took a reading of 1.670m. My college then changed to position C, another intermediate reading of 1.953m. My team member then proceeded to point D which would be my last reading at L1. This reading will be my fore sight and was recorded to be 1.690m. My team members and I then move the equipment from L1 to L2. Due to this movement, the tripod and electronic level had to be releveled as previously completed to ensure accurate results. Now at position L2, point D became my back sight and was recorded to be 1.648m. My colleague then moved to point E, an intermediate reading and recorded to be 1.835. My colleague then proceeded to point F, another intermediate reading and recorded to be 1.759m. Finally, my college held the staff at point G, my fore sight for L2 and was recorded to be 1.753m.
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Figure 1

Dumpy Levelling Results Table
Station      Points     BS             IS              FS         RISE           FALL              RL
    L1        A(TBM)   1.610m           	  562.00m
    L1              B                        1.670m                                    -0.060m    561.94m
    L1              C                        1.953m                                   -0.283m     561.66m
    L1              D                                        1.690m  +0.263m                     561.92m

    L2              D       1.648m                                                                       561.92m
    L2              E                        1.835m                                   -0.187m     561.73m
    L2              F                        1.759m                 +0.076m                      561.81m
    L2              G                                       1.753m +0.006m                      561.815m






Calculation Method
Calculations at L1
Back sight at point A = 1.610m     Intermediate sight at point B = 1.670m
So, 1.610m – 1.670m = - 0.06m  
Reduce Level = 562.00m – 0.06m
Reduce level = 561.94m

Intermediate sight at point B = 1.670m    Intermediate at point C = 1.953m
So, 1.670m – 1.953m = - 0.283m
Reduce Level = 561.94m – 0.283m
Reduce Level = 561.66m

Intermediate Point C = 1.953m    Fore Sight at point D = 1.690m
So, 1.953m – 1.690m = 0.263m
Reduce Level = 561.66m + 0.263m
Reduce Level = 561.92m

Calculation at L2.
Back sight at point D = 1.648m    Intermediate at point E = 1.835m
So, 1.648m – 1.835m = - 0.187m
Reduce Level = 561.92m – 0.187m
Reduce Level = 561.73m.

Intermediate at point E = 1.835m   Intermediate at point F = 1.759m
So, 1.835m – 1.759m = 0.076m
Reduce Level = 561.73m + 0.076m
Reduce Level = 561.81m


Intermediate at point F = 1.759m    Fore Sight at point G = 1.753m
So, 1.759m – 1.753m = 0.006m
Reduce Level = 561.81 + 0.006m
Reduce Level =  561.815m

Check to ensure we have the correct values. 
Sum of the back sight = 1.610 + 1.648 
Sum of the back sight = 3.258

Sum of the fore sight = 1.690 + 1.753
Sum of the fore sight = 3.443

Sum of the back sight – Sum of the fore sight = Reduce level at G  - Reduce level at A
3.258 – 3.443 = 561.815 - 562.00 
-0.185 = -0.185
Our results are correct because they are both equal

Fly Levelling
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Fly Levelling Results


   (BS)             L1            1.7m                 (BS)        L2      (FS)
1.57m	  (FS)              1.58m                 1.995m
A(TBM)                                          a1	                                     B

Station     Points     BS             IS            FS            RISE         FALL            RL
L1            A(TBM)  1.570m                                                                      562.00m                              
L1               a1                                         1.700m                   -0.130m   561.87m

L2               a1        1.580m                                                                      561.87m
L2                B	1.995m                   -0.415m   561.455m


Calculation Method
Calculation at L1
Back sight at point A = 1.570m     Fore sight at point a1 = 1.700m
So, 1.570m – 1.700m = -0.130m
Reduce Level = 562.00m – 0.130m
Reduce Level = 561.87m

Calculation at L2
Back sight at point a1 = 1.580m   Fore sight at point B = 1.995m
So, 1.580m – 1.995m = -0.415m
Reduce Level = 561.87m – 0.415m
Reduce Level = 561.46m

Check to ensure we have the correct values. 
Sum of back sight = 1.570m + 1.580m
Sum of back sight = 3.15m

Sum of fore sight = 1.700 + 1.995m
Sum of fore sight = 3.695m

Sum of back sight – Sum of fore sight = Reduce level at B - Reduce level at A
3.15m – 3.695m = 561.455m – 562.00m
-0.545m = -0.545m
Our results are correct because they are both equal

6 Factors that could have affected the accuracy of my levelling at the sites    
1. Windy weather could have affected the stability of the equipment which would result in inaccurate readings being recorded.
2. Human error could have occurred while holding the extendable measuring staff vertically due to movement of that individual team member.
3. Readings being incorrectly read through the electronic level or incorrectly recorded in the field book.
4. Plumb bob incorrectly used to result in incorrect level of the tripod and inaccurate readings.
5. Electronic level not being correctly screwed on and secured correctly.
6. Levels taken from incorrect positions/points.
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