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1.0 Executive Summary
This Assignment is separated into two parts. The first aims to outline a brief history of surveying, describing measurement and surveying techniques from antiquity to the modern era. The second aims to briefly describe the application of digital surveying techniques in surveying in listed buildings giving examples of appropriate tools to be used and the information to be collected from the survey.
2.0 [bookmark: _Toc69853551][bookmark: _Toc71319487] Terms of Reference

2.1   The Principle Focus.
2.1.1   To Outline a brief history of surveying.
2.1.2    To describe the different measurements and surveying techniques used in antiquity to the modern era.
2.1.3    To briefly describe the application of digital surveying technologies in surveying listed buildings giving examples of appropriate tools to be used and the information to be collected from the survey.

2.1   The document was constrained by the information given and researched and the need to complete it by the 7th of May 2021.
[bookmark: _Toc69853552][bookmark: _Toc71319488]3.0   Procedure  
This section identifies the research sources used.

3.1   The research includes secondary sources about the brief history of surveying, measurements used throughout history, to modern times. Also digital surveying technologies 

3.2 University notes and calculation methods also provided background to the research.

[bookmark: _Toc71319489][bookmark: _Toc69853553]4.0   Findings
[bookmark: _Toc69853554][bookmark: _Toc71319490]4.1 The Origins of Surveying 
A quote taken from Bannister best describes surveying in general:
“Surveying may be defined as the art of making measurements of the relative positions of natural and man-made features on the earth’s surface.”
 (Arthur Bannister, 1998)
The earliest known use of surveying techniques has been traced as far back as five thousand years ago. Scholars believe that Stonehenge was set out by surveyors using the ‘peg and rope’ geometry system. The figure below shows what Stonehenge may have looked like originally:
[bookmark: _Toc71319507][image: ]Figure 1 Stone Henge Reconstruction Visualization (Jones, n.d.)

It is also known that the Egyptians used similar calculations and surveying techniques. The Greeks then used surveying techniques derived from early Egypt which by modifying and developing them with their sophisticated advancements into a very refined system. And again, the Romans inherited and progressed the techniques and knowledge to a greater level. Land surveying was well known as a profession in the time of the roman empire. Land surveyors of the time were given the task to establish the basic measurements.
[bookmark: _Toc71319491]4.2 Measurement
The Egyptians used several different types of measurement, but the main unit was called a ‘Cubit’. One cubit would equate to 52.4cm which would be roughly the same length as a man’s forearm, from elbow, to the end of his longest fingertip. A quote from Dunn describes the unit for the royal cubit: “The royal cubit comprised seven palm widths each of four digits of thumb width so that it could be divided into a total of 28 digits” (Dunn, 2012).
[bookmark: _Toc71319508][image: ]Figure 2 The Cubit (Biblical Cubit Measurement, n.d.)

“The word cubit (′kyü-bǝt) in English appears derived from the Latin ‘cubitum’ for elbow” (Stone, 2014)
The Cubit unit of measurement then remained in use by many different cultures in many regions of the world up until early modern times (15th and 18th century). As shown in fig.2, the Egyptians put the wooden rod to great use as an instrument to help them measure. 
[bookmark: _Toc71319492]4.3 The Mile and the Yard
The Romans used the mile which consisted of 1000 paces. The pace being equal to five Roman feet. The Roman mile was 5000 feet was brought to England during their occupation of the British Isles. The yard as a unit of length came after, but its origin is not known to this day. 
The early ‘yard’ was divided by the binary method into 2, 4, 8, and 16 parts called the half-yard, span, finger, and nail. The table below shows the units compared to each other under different cultures:
[bookmark: _Toc71319509][image: ]Figure 3 The cubit and related measures (Stone, 2014)

The table above shows the differences between other forms of measurements used throughout antiquity and modern times, such as the imperial and metric systems which are used today.
[bookmark: _Toc71319510][bookmark: _Toc71319493][image: ]4.4 Surveying Techniques               Figure 4 The plumb bob (Coppens, 2017)
Throughout history, there have been many different techniques used to survey the land in preparation of maps and the construction of structures.
The Egyptians used various instruments to measure and set out with. One of the instruments that are still in use today is the plumb bob. The Egyptians employed plumb instruments (as shown in figure 4). The Egyptians used all the possibilities of the plumb-bob, using it for astronomy, surveying, and building. It was their ‘everyday tool’. This instrument is still in use to this very day.
Another pair of instruments used were the merchant and Groma. The Merchet was a staff with a wide notched top. The ‘Groma’ was a right-angle device designed for laying out fields. The Roman empire put these instruments to great use in constructing the infamous aqueducts and elaborate theatres.
[bookmark: _Toc71319511][image: ]Figure 5 The Merkhet of Egypt (Lyons, 1927)

Further on in history from the early Egyptians, the Greeks developed further with geometry and used it to develop land division. The Greeks then invented their first piece of surveying equipment, the Diopter. The Diopter is recognized as the ancestor of the modern theodolite. The Romans once again took the design and developed it further. 
The Middle Ages
In the middle ages, surveyors continued to make only simple direct measurements. They only used lines, rods or just pacing to determine the length. But in the 1500s, Gemma Fris explained the principle of Triangulation. Triangulation heavily relied on the measurement of angles, and The angles were used to build a hierarchy of networks which allowed points to be positioned in a space of specified land.
Surveying instrumentation advanced quickly during the sixteenth century. In 1512 the ‘potimetrum’ was designed for taking bearings and altitudes, and for levelling.
The Gunter's Survey chain and compass
The Gunters chain is a geodetic measuring device used for land survey. Long before the development of the theodolite and other modern equipment, making plots of land to be accurately surveyed and plotted. The Gunter chain used a measuring chain of 100 links. This can be found to be in use to this day. 
[image: ]The surveyor’s compass was a tool used to measure horizontal angles. It was also used to navigate at sea and is still in use to this day.
Fig.6 is an image displaying both instruments:
[bookmark: _Toc71319512]Figure 6 Compass and Gunter chain (Dotson, 2018)
The Theodolite
[bookmark: _Toc71319513]the theodolite has only been in existence since about the 16th century. It was initially invented to measure horizontal and vertical angles. “It is, without doubt, the most important instrument for exact survey work” (Arthur Bannister, 1998). In 1785 surveyors in England developed the instrument by inventing the new telescopic theodolite. This is shown in figures 7 and 8:
[image: ]Figure 7 Telescopic Theodolite (Clarke, n.d.)
In fig.8, The principal component of the theodolite in the telescope which will revolve 360 degrees can be seen clearly.
[bookmark: _Toc71319514]Figure 8 Components of the Theodilite (Arthur Bannister, 1998)

[image: ]



[bookmark: _Toc71319494]4.5 Modern Surveying equipment and techniques
By the late 18th-century modern surveying can be said to have begun by people creating the basic unit for the metric system of measurement.
[image: ]Chesterman patented a spring tape measure in 1829. This new design used flat metal with marked measurements, as shown in the figure below.
[bookmark: _Toc71319515]Figure 9 The 1st measuring tape (Alfred, 2009)

The Rise of Digital Tech
A quote from Swallow describes modern advanced surveying:
“Today, the introduction of advanced technologies, notably those of computing and optoelectronics, has changed the practice of surveying both land and buildings, allowing high standards of dimensional accuracy”.
(Peter Swallow, 1993)
Surveying in the modern age can be split into 5 categories:
· Research and analysis.
· Data acquisition for Fieldwork.
· Data processing for computing
· Data representation for mapping
· Stakeout / Setting out on site.

At the end of the 20th century, robotic total stations and GPS base stations have vastly improved the accuracy and speed of the collection of survey data all over the world. 
Essentially, a GPS system base station will connect to a satellite in space and  establish its point on a GPS grid which will then be able to record relevant data.
[image: ]A total station can be set up in a fixed position. It then records the field surveyor’s position as they move from one point to the next. This is a huge advantage as these modern forms of equipment now work collaboratively and are making it quicker to conduct surveys.

[bookmark: _Toc71319516]Figure 10 total station (Kral, 2020)
Originally the ‘Plane Table’ survey was devised to perform land surveys. but the theodolite was chosen more often. It was then updated to Electronic Theodolite, which finally evolved into the Total Station used on sites today.
Drones have recently become the most sought out technology to use on high end construction projects around the world. The drone has made the entire process and produces fantastic a lot simpler for taking results through surveys. In the near future, drones will be found to be in use for most surveys. The figure below shows a drone in use. 
[bookmark: _Toc71319517][image: ]Figure 11 Surveying drone (Aero, 2018)
[bookmark: _Toc71319495]4.6 Surveying listed Buildings.
Historic buildings are an important part of human creativity and a unique source of information about the past. Historic buildings found in the UK can be categorized as listed buildings. Listed buildings can be graded into 3 distinct grades:
1. Grade I - for buildings of the highest significance.
2. Grade II* - Particularly important buildings of more than special interest.
3. Grade II - Special interest. Should be regularly maintained.

Historic England give a good description for the term ‘Listed’ buildings:

“Listing means there will be extra control over what changes can be made to a building's interior and exterior. Owners will need to apply for Listed Building Consent for most types of work that affect the 'special architectural or historic interest' of their home.”
(England, n.d.)

Buildings have a meaning and purpose connected with a time and a place. This history can explain and illustrate events of the past. Building can also be thought of as historical documents and have layers of information inside them. These layers would be unraveled through surveying techniques and inspections by professionals. Studies have found that 91.7% of buildings in the UK are listed as Grade II. The percentage for grade 1 listed buildings are shown in the figure below.
[bookmark: _Toc71319518][image: ]Figure 12 percentage of graded listed buildings (Lott, 2018)
There are many techniques and technologies used to survey listed buildings. Here is a list of the main types:
· National Trust Quinquennial survey.
· Conservation Management plans.
· Historic Structure Report.
· Sample Surveys.
When a listed building is surveyed or inspected there are four categories of condition in which specific aspect of a building are allocated (Watt, 2015):
1. Very Bad: the building has structural failure or has succumb to severe deterioration. 
2. Poor: General deterioration of most elements.
3. Fair: the building is structurally sound but needs minor repair work and maintenance.
4. Good: a building that structurally sound, watertight and has no need for repair.
Information gained from a Survey of a listed building.
Building surveys will aim to find these 4 points from an initial survey:
· The history and local significance of the building.
· The original construction techniques and methods used.
· The condition of the building.
· The major and minor defects if any found on the structure.
A building survey is usually undertaken to provide information for a specific purpose. 
Here are some specific purposes for surveys looking for more detail:
· To diagnose Defects when symptoms appear to the occupiers.
· To understand and take note of factors affecting condition.
· To provide a basis for physical change.
· To assess levels of disrepair (Watt, 2015).
· To assess disrepair levels for legal proceedings.
The tools used to survey listed buildings.
The usual tools/instruments used to survey listed buildings are as follows:
· Telescopic inspection camera
· Protimeter
· Digital Cameras
These 3 types of tools help surveyors take accurate readings and record data prior to writing a report for the client/ customer.
Listed building Example.
Here is an example of grade 1 listed building found in Wales: Oystermouth castle in Mumbles, Swansea. The figure below shows the grade 1 listed castle:
[bookmark: _Toc71319519][image: ]Figure 13 Oystermouth castle (Thomas, 2009)

Oystermouth castle can be best described by VistWales.com: 
“On a forty-foot-high limestone ridge overlooking the pretty village of Mumbles Oystermouth Castle is a spectacular location. The earliest building remains at Oystermouth Castle, the keep in the central block, date from the early 12th Century”
 (Oystermouth-Castle©, 2021)
As you can see from the figure above, the photo was taken in 2006. In 2011 major works were carried out on the castle’s structures by way of restoration. From a survey taken in early 2010 by CADW, they made it clear in the report that the external walls and battlements needed the removal of the weeds from the joints of the stonework to stop further disturbances and delamination. In mid-2011 the castle was closed for the removal of the weed by professionals agreed by the council and then the stonemasons could rake out the loose joints and refill with fresh lime mortar. The surveying techniques used to assess the castle were quite simple as the issues were obvious to the eye. The Ground was surveyed around the site of the castle. And there was no sign of subsidence. (Castle, Excavation and survey at Oystermouth, 2010).
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