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1. Objectives 
The objectives of this field work are:
· To help the students to have a better understanding of the traverse process;
· To give the students a chance to familiarize with the actual working atmosphere on the site including uncertainty situations;
· To provide them  the opportunity of hands on experience of setting up the theodolite for angle measurements;
· To determine the positions of existing boundary;
· To establish the positions of boundary lines;
· To determine the area encompassed within a boundary;
· To determine the error of closure and accuracy;
· To help them to understand the correct way to read the reading on the theodolite and record the data.
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2. Introduction 
2.1. Traverse
A traverse survey involves a connected sequence of lines whose length and directions are measured. It is perhaps the most common type of control survey performed by surveyors in private practice or employed by local government agencies. Precise traverse surveys are much more practical nowadays with the use of electronic distance measuring (EDM) devices. 
“Traversing is one of the traditional methods of carrying out a control survey in plan. Stations are set out to define a series of traverse lines or legs, the plan lengths of which can be measured as can the angles between pairs of lines at each station” (Muskett, 1988). The angles are measured using theodolites, or total stations, whereas the distances can be measured using total stations, steel tapes or electronic distance-measurement instruments (EDMs).
There are three types of traverse:
(1) Closed loop traverse
(2) Closed connecting traverse
(3) Open traverse
[image: http://www.oc.nps.edu/oc2902w/geodesy/geolay/images/gfl12ws.gif]
Figure 1.0 Different between open traverse and closed traverse.
Source http://www.oc.nps.edu/oc2902w/geodesy/geolay/gfl84b_a.htm


2.2. Definition
2.2.1 Open Traverse
	An open traverse is a series of measured straight lines and angles that do not geometrically close. This lack of geometric closure means that there is no geometric verification possible with respect to the actual positioning of the traverse stations. In route surveys, open traverse station positioning can be verified by computation from available tied-in field markers as shown on property plans, or through the use of global positioning system (GPS) receivers. 
[image: http://cartome.org/FM3-34/Chapter6_files/ch6-1.gif]
Figure 2.0 Open Traverse
Source http://cartome.org/FM3-34/Chapter6.htm 

2.2.2 Closed Loop Traverse
	A loop traverse starts and ends at the same point, forming a closed geometric figure called a polygon (e.g. boundary lines of a tract land).
[image: http://cartome.org/FM3-34/Chapter6_files/ch6-2.gif]
Figure 2.1 Closed Loop Traverse
Source http://cartome.org/FM3-34/Chapter6.htm 
2.2.3 Closed Connecting Traverse
	Connecting traverse looks like an open traverse, except that it begins and ends are points (or lines) of known position (and direction) at each end of the traverse. 
[image: http://zasoby.open.agh.edu.pl/%7E11sjjurek/ciag.gif]
Figure 2.2 Closed Connecting Traverse
Source http://zasoby.open.agh.edu.pl/~11sjjurek/poligonen.html 












2.3 Stations Selection
	The stations should form a traverse of suitable shape. Only neighbouring stations along traverse lines need be intervisible. Where traverse legs are to be taped, the ground should be accessible. Traverse legs should be approximately equal in length. Existing stations and reference objects should be incorporated. Stations should be firmly and clearly marked out and strongly referenced. 
2.4 Azimuths
	The azimuth of a line is the clockwise horizontal angle between the line and a given direction or meridian. Usually, north is the reference direction, south is sometimes used as a reference for geodetic surveys that cover large areas. Any azimuth angle will have a positive value between 0 and 360o. 
2.5 Bearings
	A bearing of a line is the angle from the north (N) or the south (S) end of the meridian. It has the added designation of east (E) or west (W), whichever applies. The directions due east and due west are perpendicular to the north-south meridian. A line may fall in one of four quadrants: northeast (NE), south-east (SE). southwest (SW), or northwest (NW). 
[image: https://www.e-education.psu.edu/natureofgeoinfo/sites/www.e-education.psu.edu.natureofgeoinfo/files/image/azimuths_bearings.gif]
Figure 2.3 Azimuths and Bearings.
Source https://www.e-education.psu.edu/geog482fall2/c5_p7.html 

2.6 Accuracy
Accuracy = 1: (P/Ec)
For average land surveying an accuracy of about 1:3000 is typical.
An accuracy of at least 1:5000 would be required for third-order control traverse surveys.
2.7 Apparatus Used 
2.7.1 Theodolite
The theodolite is designed to measure angles. A horizontal angle is the angle in plan subtended by two distant points at the station where the theodolite is set up. A vertical angle is one between a distant point and a vertical axis (zenith angle) or a horizontal axis (angle of elevation or depression) at the geometric centre of the theodolite. Angle measurement is carried out as part of control and detail surveys. In addition, on construction sites, the theodolite is used to set out angles, to extend straight lines and to check verticality. Applications of theodolite in surveying are laying of horizontal angles, locating points on line, prolonging survey lines, establishing grades, determining difference in elevation, setting out curves and aligning tunnels.
[image: http://img.bhs4.com/11/1/11184c9886546b898543a9d009858cd7a59db802_large.jpg]
Figure 2.4 Labelled theodolite
Source http://www.brighthubengineering.com/geotechnical-engineering/63871-use-of-theodolites/ 




2.7.2 Ranging Rod
[image: Horizon Range Poles]	Ranging rod is used as a stand to indicate the angle between two or more points in an enclosed area. 





Figure 2.5 Range Pole
\


2.7.3 Tripod
	Tripod have pointed feet and telescopic legs to facilitate the setting of them firmly over stations so that a theodolite can easily and precisely be levelled and centred. The flat head and securing bolt allow the theodolite to be moved a limited amount sideways to achieve precise centring over the station as checked through the optical plummet in the plate assembly.
[image: http://image.made-in-china.com/2f0j00ZByEguOnkAzH/Aluminum-Tripod-for-Sokkia-Theodolite-PFA1-.jpg]
Figure 2.6 Theodolite Tripod



2.7.4 Plumb Bob
	Plumb bob is a weight with a pointed bottom that is suspended from a string to determine a vertical reference line or the Y-axis. It is used to mark a point directly under the theodolite.
[image: http://i.ebayimg.com/00/s/NDgwWDY0MA==/z/AKIAAOxyGqZSZ%7EMN/$%28KGrHqMOKo4FJgRbdU5sBSZ+MNZe6w%7E%7E60_35.JPG]
Figure 2.7 Plumb bob


2.7.5 Measuring Tape
Measuring tape is a set of flexible tape used to give precise measuring. Measuring tape shown in figure is normally used in heavy duty industry which is durable and reasonably length, 30m long. 
[image: ]






Figure 2.8 Measuring Tape

3. Data Collection
	Station
	Bearing, β
	Length, L (m)
	L cos β
(Latitude)
	L sin β
(Departure)

	A
	
	
	
	

	
	N 00
	7.400
	+7.400
	0.

	B
	
	
	
	

	
	N 87041’20”W
	58.280
	+2.350
	-58.233

	C
	
	
	
	

	
	S 2020’20” W
	8.120
	-8.113
	-0.331

	D
	
	
	
	

	
	S 88025’50” W
	58.580
	-1.604
	+58.558

	A
	
	
	
	

	Total:
	
	132.380
	+0.033
	-0.006




Accuracy= 1 : ( P/Ec )
	= 1: ( 132.38/0.034 )
	= 1: 3893.53

-0.006
( Departure )
+0.033
( Latitude )
0.034
Error Closure

3.1 Adjusted Data
	
	Unadjusted
	Corrections
	Adjusted

	Station
	Latitude
	Departure
	Latitude
	Departure
	Latitude
	Departure

	A
	
	
	
	
	
	

	
	+7.400
	0
	-0.0019
	+0.0003
	+7.3981
	+0.0003

	B
	
	
	
	
	
	

	
	+2.350
	-58.233
	-0.0145
	+0.0026
	+2.3355
	-58.2304

	C
	
	
	
	
	
	

	
	-8.113
	-0.331
	-0.0020
	+0.0004
	-8.1150
	-0.3306

	D
	
	
	
	
	
	

	
	-1.604
	+58.558
	-0.0146
	+0.0027
	-1.6186
	+58.5607

	A
	
	
	
	
	
	

	Sum=
	0.033
	-0.006
	-0.033
	+0.006
	0.0
	0.0

	
	
	
	Check
	Check


















3.2 Table and graph of Computations of station coordinates
	Course
	Adjusted Latitude
	Adjusted Departure
	Station
	North
(y-axis)
	East
(x-axis)

	
	
	
	A
	100.00 (Assumed)
	100.00 
(Assumed)

	AB
	+7.40
	+0.00
	
	+7.40
	+0.00

	
	
	
	B
	107.40
	100.00

	BC
	+2.34
	-58.23
	
	+2.34
	-58.23

	
	
	
	C
	109.74
	41.77

	CD
	-8.12
	-0.33
	
	-8.12
	-0.33

	
	
	
	D
	101.62
	41.44

	DA
	-1.62
	+58.56
	
	-1.62
	+58.56

	
	
	
	A
	100.00 (Checked)
	100.00
 (Checked)
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x-axis
(East)

                               20                      40                       60                         80                    100
                                                                                                                                           
                                
4. Summary

At this fieldwork 2, we used closed loop traverse to complete our land survey. During the first attempt, we were using the foot pacing to measure our length of the field that we are surveying. This method was not accurate enough which our accuracy result is very low. When one of our group members trying to count the pacing, ranging rod is not placed at each specific corner to allow clear guideline for the member to count the pacing. After the first attempt, we seek for advice from our lecturer and request to conduct the second attempt of land surveying. This time we used the measuring tape to measure the length between each point, not only that, we counter check the angle reading by going the anti-clockwise direction and clockwise direction. Getting the average angle of the two obtained angle to be our final angle at each point. Under the guidance of our kind lecturer, we manage to get an accuracy that is accepted.

The accuracy of land survey we calculate is 1:3893. The typical accuracy is 1:3000. The requirement accuracy is larger than the typical which is 3000 and we had obtained 3893 for this attempt of our survey. The error of closure we obtained is 0.034. In this land survey, we set up four traverse station. The adjusted for latitude and departure is -0.033 and +0.006. 

From the land survey practice, we have learnt to encounter problem we had never experience before. Example like pacing is not as accurate as using the measuring tape. All of us also have a chance to learn to set up the theodolite for experiencing the practical work on the field and the unforgettable working atmosphere. 

This is a great experience on a survey work. Hoping to have more practical fieldwork to complete.  
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