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[bookmark: _Toc92729601]2.0 Executive summary

This report is split into two parts. Main objective of part one is to briefly describe surveying, differing classifications and factors with a heightened focus on the methods used within this type of surveying classification. Part two briefly describes the application of digital surveying technologies in surveying listed buildings, equipment used, information gathered, the reporting and including its importance within the survey. 

[bookmark: _Toc92729602]3.0 Procedure

Content within this assignment has been derived from background reading, online resource lists given, books, revision of corresponding course lecture notes and content uploaded onto Microsoft Teams.

[bookmark: _Toc92729603]4.0 Findings 
[bookmark: _Toc92729604]4.1 Part one -Introduction to Digital surveying

Digital surveying is the “practice of taking measurements of features on, and occasionally above or below, the earth’s surface to determine their relative positions” (Muskett, 1995, p. 1). Two main distinct purposes of surveying by various surveying techniques are that of setting out and land surveying. Setting out, an operation in which correct positioning of works with dimensional control is used, often in the construction process. It is the converse of surveying in that drawings are produced, thus information translating to instructions for ground measurements for fact. Land surveying is a form of measuring via mathematical exercise in which the drawing out of information by the way of plans, maps or sections are completed by using the shape, recording of size and any portion of the earth’s surface and applying appropriate scales. The most important part of surveying is the accuracy. Surveying is most commonly confined to measurements in the horizontal plane (Clancy, 1991, p. 1)

[bookmark: _Toc92729605]4.2 Surveying Classifications
[bookmark: _Toc92729606]4.2.1 Primary 
[bookmark: _Toc92729607]4.2.1.1 Plane Surveying and Geodetic Surveying

There are two main primary classifications of surveying. Plane surveying and Geodetic surveying. With Earth being spherical as shown in (figure 1) it can’t be represented on a flat surface. However, as Earths diameter roughly measured “12751 km in mean diameter” (Clancy, 1991, p. 3), its curvature can be ignored by arbitrary limits. Shown in (figure 1 marked d), as the horizontal plane and level surface are coincident (Clancy, 1991, p. 3). These facts have drawn two principal classifications to be founded, Plane and Geodetic Surveying. Geodetic will cover large areas of the Surface taking into account the curvature of the planet using a Global Positioning System, while Plane surveying, curvature of the earth can be ignored and considered a flat plane up to 300km2 (Clancy, 1991, p. 4). This is the most common method. For additional contrast please see (Appendix A).

[image: ]Figure 1
(Clancy, 1991, p. 3)






[bookmark: _Toc92729608]4.2.2 Purpose  

[bookmark: _Hlk92634208]Classification by purpose, differing surveys conducted for specific desired needs. By nature, these can be categorised for land, hydrographic (figure 2) and astronomical. More in depth surveys by purpose can be completed for mine survey, construction survey, cadastral survey, control survey, military survey, engineering survey, forestry survey, city survey and topographic survey (figure 3). Each Survey has its own purpose and varying techniques.

Figure - 2                                                          Figure- 3
[image: ]     [image: ]
(EMGEPRON, 2021)                                          (Survey, 2020)

[bookmark: _Toc92729609]4.2.3 Method (In detail)
[bookmark: _Toc92729610]4.2.3.1 Traversing 
 
Traversing or also known as Polar co- ordinates is a field method of carrying out control survey in plan. Survey stations, a point of importance at “the beginning and end of a chain line, or at the junction of one line with another “ (Clancy, 1991, p. 24), plotted to define a series of traverse lines, its these connected plan lengths and angles that are linear and angular measured.  Mathematical formulas are used to find angles within surveying (Appendix B formulas) between each of these survey station points to find an unknown point. During plotting It is very important that station points are clearly marked and clearly identified to aid the surveyor.
Three main types of traverses are, open traverse, shown as the bottom diagram in (figure 4) is a series of lines starting from a known point but do not finish at one. Open traverse is used for construction surveys for highways, electricity transmission lines, roads and pipelines (Poudel, Nd) although an argument could be made, closed tied traverse is more appropriate for these projects as “open traverse, provide no check” (Muskett, 1995, p. 96). These surveys vary in distance length. These distances are normally measured by using electronic distance measurement equipment or alternatively, taping. Each directional change of survey line, a deflection angle is measured with a theodolite or total station.  
Closed loop traverse, shown top left (figure 4), where a closed polygon is made from the legs. These legs either begin and end at the start point or begin and end at points whose positions have been determined previously (Muskett, 1995) . “A closed traverse is generally used for locating the boundaries or for surveying large areas” (Poudel, Nd). 
Closed tied traverse, shown top right (figure 4), where the traverse runs between two stations or positions known. This provides a check and validates the accuracy of the measurements made. Orienting bearings and both known stations need to be available.


[image: ]Figure 4
(Muskett, 1995, p. 96)










[bookmark: _Toc92729611]4.2.3.2 Triangulation

[bookmark: _Hlk92573346]Triangulation, a series of built-up adjoining triangles known as the triangulation pattern, shown in (figure 5). A framework of stations formed to produce a network of linked triangles from a starting baseline. The accuracy of this baseline has huge significance to the entire triangulation system if incorrect. “A compass bearing should be taken to fix its direction, which in turn will fix the direction of all other lines and allow the position North to be determined” (Clancy, 1991, p. 25). This surveying technique is based on trigonometric proposition given two angles are known along with the distance of one side of the triangle, thus allowing the remaining sides can be calculated. This method is widely used in forming the outlines for boundaries, buildings and roads. (Clancy, 1991, p. 25)The sine rule (Appendix B) introduced to successively find the side lengths of all the triangles which in the field would be the distances between all the stations. To do this the side of one triangle and all angles of all triangles must be measured. Based on purpose and extent of survey, and thus is desired degree of accuracy. 

[image: ]
Figure-5

(Muskett, 1995, p. 120)



[bookmark: _Toc92729612]4.2.3.3 Trilateration

Trilateration, shown in (figure 6) are distances measured for exercising the control. Used for the location of an unknown third point with “reference to two other known points by linear measurement of the lines of the triangle formed by the three points” (J.Pettet, 1981). With base known, the measurements of both known points with the unknown point will locate the unknown point with reference to the known points. This would be conducted in the field and these distances substituted into mathematical formula with the cosine law (shown in Appendix B) used to find the angles thus station coordinates can be calculated. This method of compiling triangles with all side lengths known, shapes like rectangles and squares can be subdivided into triangles by adjoining corners thus not needing the use of angle measurement equipment (Clancy, 1991, p. 25). A trilateration and triangulation system combined is also known as a control network as shown in (figure 7).

 Figure- 6                                                               Figure- 7
[image: ][image: ]
(Pandey, 2017)                                                       (Muskett, 1995, p. 122)



[bookmark: _Toc92729613]4.2.4 Equipment 
Differing techniques and equipment are used, selected depending on being appropriate for the survey undertaken along with scales in which the survey is intended. Historically measurement was conducted using methods like taping, pacing and compasses see examples of tools on (figure 8). More modern equipment is now used, Including Theodolite and EDM (figure 9) for more precise and accurate results, survey accuracy can be tabulated in bands, (Appendix C). Modern equipment removes human error such as gross errors, constant errors and random errors (J.Pettet, 1981, p. 10) but errors such as proportional error, zero error or cyclic error can happen (Muskett, 1995, pp. 77-79). Instrument calibration is vital.  
[image: ]
[image: ] Figure -8
(Clancy, 1991, p. 29)






  Figure- 9 
  (Muskett, 1995, p. 73)







[bookmark: _Toc92729614]4.3 Part two - Introduction to building surveys 

A building survey defined “an inspection and investigation of the construction and services of a property in sufficient detail to enable a surveyor to advise what impact the condition and circumstances of that property will have upon the client” (Hollis, 2005, p. 1). Reasons for building surveys include detailed building plans, valuations, satisfaction of new building legislation, provide basis for planned works or physical change, diagnose defects ,determine effeteness of past maintenance or repairs, in listed buildings however “in the case of historic buildings, such a standardized approach is generally unacceptable, and unless the form being prescribed has a degree of flexibility, serious omissions may be made” (Swallow, 1996)

[bookmark: _Toc92729615]4.3.1 Listed Buildings

Listed buildings, graded to reflect relative special architectural and historic interest are found throughout the United Kingdom. (Figure 10) The grading categories are as follows; Grade I buildings, buildings of exceptional special interest, Grade II* buildings are particularly important buildings with more special interest, Grade II buildings are of special interest warranting every effort to protect and preserve (Government, 2018). Classification is needed for the purpose of identifying and thus protecting them. The reason for surveying listed buildings, differing from your standard survey purpose would be would be, due to their age, a Historic structure report , sample surveys to update heritage registers (Swallow, 1996, p. 14), report maintenance management and pre-emptive maintenance reports to aid the client keep the listed building in its original and satisfactory state (Hollis, 2005, pp. 2-3).
[image: ]Figure-10
(Buildings, 2022)





[bookmark: _Toc92729616]4.3.2 Regulations in Surveying listed buildings including compliance

Surveyors would need to comply with many regulations during surveys, both listed or non-listed dwellings. Surveyors need wide knowledge on all parts of the building regulations and British standards and be familiar with guidance notes. (Appendix D). Competency is the intention as a duty of care is owed to the client. During surveys of listed buildings, prosecution can be applied for failings by way of negligence or failing to comply with Acts such as the Planning (Listed Buildings and Conservation Areas) Act 1990, Ancient Monuments and Archaeological Areas Act 1979, Town and Country Planning Act 1990,CDM Regulations of 2015, introduced under the Health and Safety at Work Act 1974, with access equipment and use under the WAH Regulations 2005, Lifting Operations and Lifting Equipment Regulations 1998 and Provision and Use of Work Equipment Regulations 1998. (David Andrews, 2015).
[bookmark: _Hlk92657646]
[bookmark: _Toc92729617]4.3.3 Building survey process and reporting

Before commissioning a building survey, clearly defined requirements from the client are needed, Surveyor’s competence and fee agreed, a formal agreement of appointment made and project scope completed. From this a relationship between client and surveyor is made and becomes contractual. (Appendix E) for procedure flowchart.
Firstly planning, a desk top survey gathering existing information such as construction drawings, as built drawings, asbestos registers, existing reports, property deeds and previous survey data by the way of maps or historic mapping aid surveyors in planning the survey, analysing the data to identify possible areas of concern to be investigated in further detail as well as potential health and safety risks that may arise that may need further planning prior to the inspection. Reconnaissance survey conducted to establish the physical context of the property, view common faults on adjacent properties, view any obstacles or natural formations impacting the property (Douglas, 2005)
During the fieldwork stage of survey, it is vital sufficient measurements are gathered and sketched in a clear and precise manner, with return visits to the office to draw up and plotting the survey in mind. (Clancy, 1991, p. 202). To be recorded at this stage includes, survey dates and time, title and address, contact details and clients address if different to surveyed address, full scope of intended survey, estimated property age, floor plans and elevations, services, means of access and if a listed building, then its grade, limitations and authorisation will be needed. 
The buildings will have an initial assessment to assess its condition of the main elements both internal and external of the building fabric as well as possible means for drainage inspections underground. Main elements and forms (figures 11 and 12 from the RICs building survey template). Additional detailing for material of roofs, walls, cavity construction type, DPC locations, abutments, gutters and eave details, signs of movements and cracking.

Figure- 11                                                                      Figure-12

[image: ][image: ]
(RICS, 2012)                                                                    (RICS, 2012)
During inspection, elements are categorised into four main sections (Figure 13). Following these inspections an overall performance score is given for the dwelling as a whole. The report should then highlight any risks, highlighting immediate action items. The report should conclude with a short, logical summary and all sketched drawings made placed in an appendix. It is vital the report is accurate, brief and clear for all readers. 

Figure - 13
[image: ]
(RICS, 2012)
[bookmark: _Toc92729618]4.3.4 Tools used 

For linear measurement, steel and fibreglass tapes are used. Steel being the more precise, with more modern equipment used being handheld laser measuring devices.
Specialist equipment such as endoscopes are used for inspecting hidden voids and areas the surveyor cannot enter, thermal cameras to detect areas of poor heat loss, Protimeter for measuring dampness and humidity (figure 14), and earth loop impedance socket tester used for voltage, earth safety and wiring checks (Figure 15).

[image: ]Figure – 14                                                   Figure-15
[image: ]
(Douglas, 2005, p. 33)	                       (Douglas, 2005, p. 39)
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(Hollis, 2005, p. 26)
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