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Executive Summary

This report aims to outline the different factors in which surveying can be classified, whilst also describing the application of digital surveying technologies in regard to the surveying of listed buildings.
Terms of Reference
The principal focus’ are:

· To outline the different factors in which surveying can be classified.
· To describe, in detail, different types of surveying under a specific factor.
· To describe the application of digital surveying technologies, in regard to the surveying of listed buildings, whilst also providing examples of appropriate equipment that can be used and the information/data which will be collected.

The report was constrained by the information given and researched and the need to complete it by 14th January 2022.
Procedure

This section identifies the research sources used.

The findings of this report included research from secondary parties including books, archives and online content. All outlined in the referencing list. University lectures and notes also provided background to the research
What is Surveying?
According to ‘Brittanica Encyclopaedia’, “Surveying is a means of making relatively large-scale, accurate measurements of the Earth’s surfaces. It includes the determination of the measurement data, the reduction and interpretation of the data to usable form, and, conversely, the establishment of relative position and size according to given measurement requirements” (Brittanica Encyclopeadia, 2020).
The principals of surveying
Surveying has two principal and crucial functions, particularly in regard to construction. According to John Lyman, Professor at North Carolina University, these principal functions are:
· “The determination of existing relative horizontal and vertical position and
· the establishment of marks to control construction or to indicate land boundaries” (Brittanica Encyclopeadia, 2020).

In terms of the development of the built environment, surveying has been an essential component for centuries and, in construction specifically, has been a fundamental aspect in terms of planning, design, execution and the eventual success of projects. In the modern day, surveying plays a predominantly vital role in various sectors including infrastructure, apportionment of land, mapping the earth and communication (Brittanica Encyclopeadia, 2020). 
Origin of surveying
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There is evidence to suggest that surveying has played a part in human history for millennia. Built around 2700 BC, the Great Pyramid of Khufu, located in Giza, is 230m in length and 147m in height. Due to its near absolute squareness and orientation to the North & South poles, as well as to the adjacent pyramids, it has been affirmed that the Ancient Egyptians commanded the concept of surveying.
There is also evidence of boundary surveying as early as 1400 BC,                                      (Pyramids of Giza & Orions belt, 2017)
which has been discovered on the plains

of the Euphrates, Tigris & Nile rivers
in the form of clay tablets showing city

plans and land measurement (Building the Great Pyramid, 2016).

Accelerating through time, there are also surveying tools and devices which have been discovered from both the Greek & Roman empires (Brittanica Encyclopeadia, 2020).
Surveying Classifications
Surveying can be classified based upon several different factors, including, the primary fundamentals (plane/geodetic), purpose, method and/or the specific equipment being implemented.
Primary
Primarily, surveying can be separated into two classifications, Plane & Geodetic, which will be further explained below. 
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Plane

Plane surveying is a type of survey which considers the following:
· The surface of the earth is considered a plane, or flat

· The curvature of the earth is disregarded, thus treated as two dimensional

· The line joining any two stations is considered as straight

· Any triangles formed between three points is considered as a plane

· The angles of said triangles are plane angles

· Carried out for a small area – less than 250km2
(Civil Engineering Realities, 2020). 
Geodetic

Geodetic surveying, however, considers the following:
· The earth is considered a curved surface, how it actually is

· The curvature of the earth is considered

· The line joining any two stations is considered as curved

· Any triangles formed between three points is considered as spherical
· The angles of said triangles are spherical

· These surveys are performed over a larger area – more than 250km2
(Civil Engineering Realities, 2020).
Method

The method of the survey can also vary. Specific methods include the implementation of Triangulation, Traversing & Trilateration. These methods will be further explained below.
Triangulation
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Triangulation is the measuring & tracing of a network of triangles to verify the relative positions and distances between points over an area. The length of one side of each triangle is measured, and the lengths and angles of the other two sides are deduced by observation from this baseline (The Constructor, 2021).
Trilateration
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Trilateration, as an alternative to triangulation, relies upon distance measurements alone. According to Penn State University, “Electronic distance measurement technologies make trilateration a cost-effective positioning technique for control surveys. Not only is it used by land surveyors, but trilateration is also used to determine location coordinates with Global Positioning System satellites and receivers” (Penn State University, 2021). 
Traversing

Trilateration & triangulation can sometimes be difficult in certain terrain, however, with the aid of an EDM, issues can be minimised by measuring both angle and distance between successive survey control points, called traversing. The process involves beginning at a point with confirmed coordinates and repeating the calculation of angles and distance through a chain or loop of other points.
There are two principal types of traversing, which are closed (loop & tied) & open (Committee on Surveying & Mapping, 2021).
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Illustration showing a closed loop traverse, measurements
begin and finish at the known point A (Committee on Surveying & Mapping, 2021).
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Illustration showing a closed tied traverse, measurements begin at known

point A and finish at known point E (Committee on Surveying & Mapping, 2021).
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Illustration showing an open traverse, measurements begin at known point E

and finish at unknown point K (Committee on Surveying & Mapping, 2021).

Equipment
Another aspect in which surveying can be classified is by the type of equipment being used, be that modern or traditional.
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Traditional
The use of surveying equipment has evolved dramatically over the course of time, however, some traditional equipment and techniques are still implemented today. These include:
· Pacing

· Surveyors chain

· Surveyors tape

· Theodolite
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Modern
In the modern era of surveying, advances in technology have seen rise to more sophisticated equipment, such as:
· Total stations (Robotic & manual)

· Digital Automatic levels

· GPS receivers
· Laser levels

· Drones

Purpose

Surveying can also be classified by its purpose. The specific purpose can range from, but is not limited to, a Cadastral survey, City survey, Construction survey, Forestry survey, Industrial survey, Hydrographic survey or Topographic survey. Some of these specific purposes will be further explained below, with a more detailed examination of Construction surveying.
Cadastral
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Cadastral surveying involves the defining and/or re-establishing of land or property boundaries. It also entails the interpretation of:

· Land status’
· Boundary locations

· Restrictions & rights in property

           (Victoria State Government, 2021)

Hydrographic
[image: image11.jpg]



Hydrographic surveying involves the measurement and collection of data which could influence any aqueous body or maritime activity, such as:

· Navigation
· Dredging
· Marine construction

· Flood control

· Irrigation

· Production of hydro-electric power

· Offshore oil drilling/exploration
           (National Ocean Service, 2021)
[image: image12.jpg]


Construction
Construction surveys are undertaken at construction projects to provide essential data to ensure the design and build is undertaken and completed in a safe & successful manner. These can involve the surveying, checking and control of many aspects of construction, such as:

· Topographical surveys – level & gradients of the land
· Existing infrastructure and buildings

· Below grade infrastructure – manholes, chambers, pipework, culverts etc…

· As-built surveys – to check and confirm design requirements & for future health & safety files

· Setting out – the physical staking out of control points (stations), reference lines, services & utilities, design information etc…

· Levelling – providing horizontal control for concreting, steelwork, tarmac etc…
· Verification – to confirm, against the specification, whether workmanship, materials & alignment/levels are correct

· Quantities – to survey, as the work progresses, excavated & required materials…particularly for large earthworks projects
· Boundaries/CPO lines – to demarcate the extents to which a construction project can encroach

· Chainages – to clearly mark out the chainages of a project, particularly large scale projects (highways)

Furthermore, these surveys involve the implementation of a variety of equipment, such as:
· Total stations

· GPS Receivers
· Automatic levels – for accurate readings of the staff, it is crucial parallax is eliminated when using this instrument
· Drones

· Laser levels
           (Landform Surveys, 2022)

Digital Surveying Technologies & Listed Buildings
The significance of Listed Buildings
The surveying of Listed buildings is a vital and specialised sector of the profession. Being almost exclusively older buildings, the reasoning for their status is usually for architectural and/or historical importance, hence their legal protection.
However, not all Listed Buildings are granted the equivalent amount of protection. They are split into the following groups:

· Grade I – Exceptional interest

· Grade II* - More than special interest

· Grade II – Special interest

According to statistics compiled by ‘Historic England’, just 2.5% of these buildings are Grade I, with Grade II* & Grade II accounting for 5.8% and 91.7%, respectively (Historic England, 2022).

Surveying of Listed Buildings & process
Naturally, the surveying of these protected structures needs to be carried out with care and diligence. Consequently, the process of surveying Listed buildings should involve separate, yet equally essential stages:
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· Planning – Carrying out research & investigations on the building with an analytic approach.
Examining…

i. As built drawings
ii. Health & safety files
iii. O&M manuals
iv. Property deeds
v. OS maps & data
vi. Topography
vii. CDM regulations and fire plans.

· Field work – Surveying the building and acquiring data, measurements and significant characteristics.
Capturing…
i. Property title/address

ii. Client details

iii. Property and occupancy status

iv. Survey date/time

v. Extent of the survey

vi. Floor plans and elevations

vii. Orientation of the property

viii. Access and rights of way

ix. Drainage facilities/issues

x. Level details for walls, roofs, floors and windows, both internally & externally 

· Computing & mapping – The calculation & processing of acquired data.
Assessing the building itself and all aspects of the building as either:

i. Good – Structurally sound, weathertight, no significant repairs

ii. Fair – Structurally sound, minor repairs required
iii. Poor – Showing defects which need repairing, however, not considered excessively serious

iv. Very bad – Showing defects which need repairing, replacing or investigation urgently

v. Not inspected – Requiring further investigation
· Report – Write a detailed report on all of the above, including appendices, sketches and illustrations.
The report should ensure all audiences can comprehend its contents, therefore, it should be:

i. Accurate

ii. Brief and

iii. Clear

Compiling the report in this manner will allow persons involved with the property make informed decisions regarding repairs, maintenance and restorations.

(Heritage Survey, 2022)
Appropriate equipment

Naturally, it is essential the survey is performed with the correct equipment. The implementation of appropriate equipment will ensure:

· Principally, the health & safety of all involved

· The capturing of vital data

· The minimisation of errors, both human & instrumental

· The securing of essential information required for informed decisions

           (Heritage Survey, 2022)
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In the modern day, along with traditional methods such as steel tapes and pacing, the surveying of these protected buildings can be done with aid of digital technology. This technology includes:
· Disto or Laser measuring – A handheld device used for linear measurements, areas, volumes and gradients. It also has a high accuracy and requires just one operator
· Thermal camera – Will detect heat loss or thermal bridging, highlighting defects or damage

· Moisture meter – Will detect areas that are damp or have high humidity levels

· Telescopic inspection camera – Can take photographs of inaccessible areas, such as roofs and gutters

· Digital camera – Will capture high resolution photographs, essential for the technical report
· Robotic Total Station – To survey the building, particularly the exterior, with a high level of accuracy and precision (Eastings, Northings & Elevation), it also requires only one operator and saves a digital file which can be converted to ‘Autodesk’ applications
· Automatic/Digital level – To survey elevations and levels of the building with a high level of accuracy and precision

Conclusion

In summary of this report, I conclude that surveying plays a critical role in all forms of construction, for both past & present projects. The evolution of digital surveying technology has aided this process significantly. Furthermore, I believe the human race will continue to innovate this equipment further, making surveying much more accurate, precise and efficient.
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