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Figure 6.30 Two-peg test



Figure 6.28 Spectra-Physics EL-1 (Spectra-Physics) this case forms a 360° horizontal plane which is detected by a portable sensing device also shown in Figure 6.28. The laser unit automatically corrects for any error in level of the instrument, providing it has been roughly levelled to within 8° of the vertical. An accuracy of ± 5 to 6 mm per 100 m up to a maximum range of 300 m can be achieved with this type of instrument. 6.2.3.5 Collimation error So far the assumption has been made that once the standing axis of the level has been set truly vertical, then the line of collimation will be horizontal. This may not always be the case. If this condition does not occur, then a collimation error is said to exist. This is illustrated in Figure 6.29. If accurate levelling is to be achieved, it is essential that a regular testing procedure is established in order to check the magnitude of any collimation error that may exist.



Line of collimation Horizontal plane



Collimation error



Figure 6.29 Collimation error A common field procedure which can be used to test a level is known as the 'two-peg test'. The procedure is as follows: (1) Set out two points A and B approximately 50m apart, as shown in Figure 6.30(a). The level is set up at the mid-point of AB and levelled as in section 6.2.1.3. (2) A reading is taken on to a staff held at points A and B and



the difference between the two readings calculated. This value represents the true difference in height between A and B. Any collimation error which exists will have an equal effect on both readings and, hence, will not affect the difference between the readings. In this case the difference in height is 1.415-0.932 = 0.483m. (3) The instrument is now moved to a point C close to the staff at B (about 3 to 5 m away), as in Figure 6.30(b). The reading on staff B is recorded (1.301). If no collimation error exists, the reading on staff A should be equal to the reading on staff B ± the true difference in height as established in (2), i.e. 1.301+0.483= 1.784m. (4) The actual observed reading on staff A is now recorded (1.794). Any discrepancy between this value and that derived previously in (3) indicates the magnitude and direction of any collimation error. For example, in this case, the error would be 1.794- 1.784= 10mm per 50m. An error of up to 2 to 3 mm over this distance would be acceptable. If, however, the error is greater than this, the instrument should be adjusted. Unlike theodolite adjustments, this type of adjustment can normally be performed without any great difficulty by the engineer and the procedure is as follows. For the dumpy and automatic level: alter the position of the cross-hairs until the centre cross-hair is reading the value which should have been observed from step (3) above. This is achieved by loosening the small screws around the eyepiece which control the position of the cross-hairs. For the tilting level: again alter the position of the centre cross-hair until it is reading the value previously determined in (3), in this case by tilting the telescope using the tilting-screw. Unfortunately, this will displace the bubble. The bubble must, therefore, be centralized by means of the bubble-adjusting screw.



6.3 Surveying methods 6.3.1 Horizontal control surveys Any engineering survey or setting-out project, regardless of its size, requires a control framework of known co-ordinated points. Several different control methods are available as des-



cribed below. The choice of which method to use depends on many factors, e.g. the purpose for which the control is required, the accuracy required, the density of control points which is required, the type of equipment and computing facilities which are available and, lastly, the physical nature of the ground. 6.3.1.1 Triangulation Triangulation is the oldest, and in the past was the most common, method of control for large civil engineering projects. The principles are well known and essentially involve. the establishment of a measured baseline from which a network of triangles is formed, all of the angles of the triangle being measured. The development of EDM has, however, led to the establishment of several alternative control methods, such as trilateration and traversing. The introduction of EDM has therefore tended to make 'classical triangulation' obsolete as a method of control. 63.1.2 Trilateration Trilateration is a method of establishing control which involves the direct measurement, normally using EDM, of all the sides of a network of triangles, in contrast to triangulation which involves the measurement of angles. Although the method has been used in this 'classical form', it does not offer any significant advantages over the method of triangulation. The method has therefore not become particularly common. 6.3.1.3 Traversing A traverse is a method of establishing control by measuring the distance between successive points and also the horizontal angle between adjacent stations, as shown in Figure 6.31.



Figure 6.31 Traversing



The method is very popular for several reasons. Firstly, it is a more flexible method than triangulation. In the case of triangulation, the positions of the control stations must be chosen so that not only are they intervisible, but also that the triangles formed are well conditioned. For this reason the reconnaissance stage in triangulation projects is extremely important and often very time-consuming. In contrast, with traversing, much less attention has to be paid to the reconnaissance stage, since it is only required that adjacent stations be intervisible. This allows the surveyor much greater flexibility in the choice of control station positions. The stations can then be positioned in areas close to the detail to be picked up, or close to the project for which they are required. This can be of enormous benefit in areas which are either very flat or, alternatively, heavily forested. A second reason for the popularity of traversing is the computational simplicity, both of determining provisional coordinates and also of adjusting any misclosure which may exist. It should, however, be mentioned that in recent years more rigorous techniques of adjustment, based on the principle of least squares, have become more common for the adjustment of traverse.



Traversing does, however, suffer from one serious drawback: the lack of redundant observational data. As a consequence, the effect of small errors of measurement is not only difficult to detect but is also cumulative in nature. To counteract this problem, additional angle and distance observations are often taken in order to strengthen the control framework. In the past, this additional information tended to be used solely for the detection of gross errors. Nowadays, by using a suitable adjustment technique, these additional observations can be used to improve the precision of the coordinates. The normal procedure adopted for traverse adjustment is firstly to determine and adjust the angular misclosure and, secondly, to determine and adjust the misclosure in easting and northing. The angular misclosure is determined, in the case of a closed polygon, by summing the internal angles. These should total (2n - 4) right angles, where n is the number of traverse sides. A misclosure of >(20'VW)» for example, would not be acceptable for site traverses. The question of which method to use for the adjustment of any misclosure in eastings and northings is a matter which has been examined by Schofield.19 Traditionally, the Bowditch and Transit methods have been used. Bowditch: zf£ c =M E -^and ANc=M»~j Transit:
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