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Introduction. 

The main focus of this assignment is to demonstrate the history of surveying and how it has evolved through the ages, into today’s modern industry; with explanations of how antique instrumental techniques were carried out within the art of surveying. In relation to how digital technology has developed into producing accurate measurements towards land, building and listed building surveying; in correspondence with the building regulations of today’s industry.  
 
Analysed Areas. 

Surveying is; ‘The measurement of dimensional relationships, as of horizontal distances, elevations, directions, and angles, on the earth's surface especially for use in locating property boundaries, construction layout, and mapmaking’ (Surveying n.d., 2011).

Ancient Egypt.
[bookmark: _Hlk71055104]Surveying is one of the oldest arts practiced by mankind and has roughly been around for 6000 years (Land Surveyors United, 2019), measurements were marked out and boundaries were produced. Surveying engineering started in Egypt where plots were divided in relation to taxation. ‘Rope Stretchers’ were known as Land Surveyors (Charlene Bolastig, 2020). In 2700 B.C. the Egyptians built the Great Pyramids of Giza, near to a perfect square, which is north-south facing illustrating surveying or geometry skills sets (Jackson, D, L, 2011).  
[bookmark: _Hlk71309712]Stonehenge.
The Stonehenge Surveyors demonstrated a construction method with the use of peg and rope geometry assessment, followed by tongue and groove joints for strength and stability; that was built in England 2500 B.C.  (JOHNSON, 2008).

[bookmark: _Hlk71309769]Greek Developers.
Around 500B.C.  Greek developers adopted the Egyptian’s surveying skills. Enhancing their knowledge by travelling to Egypt know as Thales and Pythagoras; understanding geometry returned to Greece to enhance surveyors and mathematician’s knowledge; still used today for modern surveying calculations, (Jackson, D, L, 2011).  
[bookmark: _Hlk71309796]Heron of Alexandria.
Heron was the author of several important treatises of interest to surveyors including the Dioptra; where surveying of the located area, drawing out a plan and producing calculations. This is recorded as one of the first measurement tools within this profession (Charlene Bolastig, 2020).
The Diopter was a sighting cylinder (rod), containing a visual sight at both ends, securely positioned on a tri pod (stand). Attached protractors were used to produce measured angles of the land. Heron’s work was the most accurate for many years, alongside Egyptian and Greek theories (Charlene Bolastig, 2020).
[bookmark: _Hlk71309824]Surveying Instruments.
[bookmark: _Hlk71061198][bookmark: _Hlk71134378]Frontinus was the practice of surveying theories for practical minds of the Roman ages. In the 1st century the Romans engineering ability produced accurate structures throughout the empire. Practical measurement devices were incorporated amongst these works (Charlene Bolastig, 2020); including:
Groma: sighting within the field:[image: ]


 
                   (Charlene Bolastig, 2020).
Chorobates: Horizontal straight edge, approximately 20 feet long, supporting legs; water bed on the surface used for a levelling guide:
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(Charlene Bolastig, 2020).
Libella: ‘A’ frame device, plumb bob attached recording accurate levelling measurements:
[image: ]











(Charlene Bolastig, 2020).
13th Century ‘Von Piso’ wrote the Practical Geometry, authored by (Liber Quadratorum - The Book of Squares), (Charlene Bolastig, 2020); detailing: 
Quadrans: Containing a square based frame at a 900-angle attached a weighted scale: 
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(Charlene Bolastig, 2020).

Astrolable: Circular device, movable sight, calculating positions of astronomical altitudes towards the sun or stars: 
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(Charlene Bolastig, 2020).
Cross Staff: four-foot rod, sliding cross sections, measuring altitudes of stars at sea:


[image: ]
(Charlene Bolastig, 2020).
[bookmark: _Hlk71309898]Domesday Book (William the Conqueror). 
In 1066 England was invaded by William the conqueror; ordering land surveying inspectors to record the wealth and legal obligation details of England’s villages and structures. Known as the, ‘Domesday Book, Yorkshire’, used by historian professionals recorded villages and economical structures in the 11th Century, (DOMESDAY BOOK, 1908).
[bookmark: _Hlk71309938]William Leybourne. 
‘The Compleat Surveyor’ published in 1653 the book outlines various surveying tools, detailing:
· Plain Table: Field drawings, charts or maps produced on a level surface (LEYBOURN, 1626-1716., 1653).
· Theodolite: Measured horizontal and vertical planes (LEYBOURN, 1626-1716., 1653).
· Circumferentor: Compass containing lateral arms to assist a theodolite, in calculating horizontal angles (LEYBOURN, 1626-1716., 1653).
· [bookmark: _Hlk71051250]Peractor: Assists in drawing angles on a plain table.  (LEYBOURN, 1626-1716., 1653).
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(LEYBOURN, p.p,236-237, 1626-1716-1653).
One of the standard references in the field; demonstrating correct procedures for property surveyors of construction, maps and use of inks; represents modern surveys in today’s industry (LEYBOURN, W, 1626-1716., 1653).
[bookmark: _Hlk71309997][bookmark: _Hlk71147961]The Ordnance Survey of Great Britain.  
In the 17th/18th century triangulation was practiced to develop hierarchy of networks to calculate point locations within a country. Highest hierarchy triangulation was densified into a traverse grid of polygons (Jackson, D, L, 2011). Under General ‘William Roy’ developed the principal Triangulation of Britain (Publications of the Ordnance Survey of Great Britain and Ireland, 1908); entailing: 
· Ramsden Theodolite.
· Measuring Tape. 
· Corner prism.
· Tied red or white poles.
(Jackson, D, L, 2011). 

[bookmark: _Hlk71310037]George Washington.
‘George Washington, Thomas Jefferson and the Public Land Act 1785’ measured territory by dividing X6 miles2; named townships. Each township was divided into 36 sections of X1 miles2; each would be numbered representing 640 acres. Known as Federal Surveying, called the Seven Ranges used for land surveying throughout the lands of America. Not always used X6 miles2 sections but rectangular processes were used instead due to competent accuracies (Jackson, D, L, 2011). 




[bookmark: _Hlk71310080]Modern Surveying (Land, Building and Listed Buildings). 
From close examination of surveying techniques in the 19th Century, triangulation methods and maps were produced of various contents. The 20th Century has become advanced in relation to land and building surveying technologies through traditional/ digital techniques, GPS, GNNS Systems, laser measuring devices and computerised processes; revolutionised the art of surveying developing quicker, precise and accurate measurements; detailing: 
[bookmark: _Hlk71310114]Digital Theodolite.
A Digital Theodolite used for construction surveys, traditionally measures horizontal, vertical angles and distances of trigonometry. Recording internal angles of a triangle to calculate the area of regional or national surveys. Tripods are needed to sustain accurate level measures throughout the process from each datum point, with use of a plumb bob. A rod to dictates the height of the instrument.
This process can assist in relation to height of collimation or rise/ fall calculations, recording data in a field book from different points of the survey, collaborating a measuring staff, ‘upper and lower stadia’ (KUSurveyor, 2009).
[bookmark: _Hlk71310183]Drone Surveying. 
A LiDAR laser attached to a drone, used to produce digital modelling (topographical survey) by setting up arial targets, navigating the area and collecting the information into a database. This method analyses the natural elevations of the land survey, by measuring the time the laser light is returned to the receiver. Air crafts are also used on a larger scale for land surveying. Photogrammetry can also be demonstrated throughout the navigation GPS system.  
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(Indiana Drones, 2020) Drone & Arial.           (Indiana Drones, 2020) Land survey.
Drones produce video and photographic evidence for technical reports, in relation to existing/ listed building; entailing; 
· Roofing components of an existing/ listed building.
· Certain Bargeboards, fascia’s or soffits (Intricate details).
· Specialised designs for windows or doors. 
· Land survey of the existing grounds around the structure.  
Avoid overhead cables during works, must have a licence to operate under, ‘Civil Aviation Authority (CAA) provider for ‘Permission for Commercial Operations’ (PFCO), (Get Licensed, 2021).  
Linear Measurements Traditionally and Digitally. 
Pacing Factor: 
· Measure distance.
· Count the number of paces or steps within the distance
· Back toe to front toe, measurement of pace or step.
· Pace measures one step.
· Stride measures two steps.
· PF = distance / paces = total.  
[bookmark: _Hlk71310440]Steel Tape Measures: 
· Measuring distances with a steel tape, clamp handles, two plumb bobs, gauge, pins and handle level. 
· Unwind tape from starting position, adjust to the nearest foot, hold tape clamp handles, apply force (gauge 10 lbs of tension).
· Both ends of the tape use a plumb bob, measure over the direct position of the pins. 
· Use handle level, make sure the tape is level.   
· One person to support the tape in the middle, (stop tape from sagging).
· Record distance (number at the starting point), measurement to whole foot.
· End point pin should be in the red area. The numbers should demonstrate the fractions or numbers of inches you need to add to the whole foot. 
· Record the whole linear measurement. 
· Distance measured is longer then than the tape, use the break chaining procedure at every 100 ft etc. 
· If an area has a slope, position one end of the tape at the highest point and use the hand level/ plumb bob to make sure the tape is level.  (Dreamteamworks, 2015).
[bookmark: _Hlk71310493]Digital Measuring wheels:
· Set the dial on zero at the starting point.
· Place the wheel at the starting point. 
· Start to wheel the device forwards, which measures how many revolutions the wheel records.
· This method can be used to calculate long distances accurately.
(Deco Bliss, 2012).
Measure the existing foundations or boundaries of the surrounding land of an existing listed building in one consistent accurate round.  
[bookmark: _Hlk71310602]Digital Laser Measure: 
· Used for building surveying.
· Can calculate the linear, area and volume of the perimeter or room.
· Must be used from a starting position.
· Accurate measures from (+ or - 2mm).
· Max measures 50m.
· Smart bluetooth connection to app.
· Spirit level adaption.
This device measures existing foundations, G/F, F/F, roofing components, doorways or window openings and correspond with precise existing drawing plans of a listed building. Through Bluetooth all data can be computed and saved.   
 (Bosch, 2020).
· Advanced accuracy and quicker than a tape measure. 
(Markthomasbuilder, 2018). 
[bookmark: _Hlk71310675]
Thermal Camera: 
· Detects heat loss.
· Situates the exact problem.
· Presents temperature measures.
· Demonstrates thermal images of the positioned problems.
· Finds problems quicker and faster.
(FLIR, 2011).
Detects instant cold spots within a building quick and fast, resolves the issue within an existing structure. 
[bookmark: _Hlk71310716]Damp Detector: Analyses the dampness of the foundations, walls, ceilings or roofing components of the existing structure. 
[bookmark: _Hlk71310746]Listed Building Surveying Information.  
From close examination of historic listed building’s, they have a national importance; which must be protected under the, ‘Ancient Monuments Protection Act, 1882’ (Eyre and Spottiswoode,1882) of Great Britain and are categorised in grades 1, 2 and 3. In today’s modern industry, digital surveying instruments have developed precise and accurate surveying information; following H&S procedures and regulations when carrying out works; detailing: 
· Planning permission for listed building and consent must be approved by the local authority before carrying out any works; otherwise, you are breaking the law, (Fine & Country Leamington Spa, 2019). 
· Analyse the history of the building.
· Existing drawings; follow the exact plan and elevations.
· Use of schedules (BS, EU standards etc).
· Deeds of property information.
· Full Structure Service Report.
· Data Information of construction, durability and strength.
· Initial Assessment categorising the condition of the building.
Adhere to certain regulations, such as:
· Building Regulations (Part A)
· Asbestos reports, (HSE, 2006).
· RAMS, (HSE, 2006). 
· Working at height, (HSE, 2006). 
· Construction Design and Management Regulations 2015, (CDM, 2015).
· Health and safety in construction, (HSE, 2006).
· [bookmark: _Hlk71310816]Wear full PPE. 
Conclusion.
The use of digital surveying tools as discussed earlier, can be applied to collect accurate measurements and capture existing images within the building survey report; including:
· Drains survey: cat scan the area in case any excavations are carried out to resolve any rising damp within the foundation structure. 
· Surveying the existing Ground Floor footings and foundations.
· Accurate measurements of external and internal walls.
· Details of roofing components.
· Like for like with moulding measurements.
· Calculating accurate measurements for Arches and bays within the building.
· Utility survey of the building.  
· Land survey of the existing grounds (topography).
· Compute recorded data of the existing building. 
· BIM process avoids any problems during the construction phase plan, (BSI, 2020). 
· Produce accurate digital drawings from the recorded data from within the existing building to carry out the construction phase plan schedules and specifications.
Throughout the assignment it clearly demonstrates how the art of surveying has developed throughout the ages. Today’s construction industry has various forms of surveying, which reduce the risk of creating problems within a construction project; following support and training through international standards under the, ‘Royal Institution of Chartered Surveyors Guidance’ (RICS, 2020). 
Future projects will have increased accuracy developments throughout chartered professionals by improving the built environment through sustainability, lifecycle of various buildings, preserving listed buildings, education, knowledge or experiences.
    





[bookmark: _Hlk71310850]
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How totaketbe Plot of any Park, Forreft, Chaft,
Waood , ot otber large Champion plain , by the
Index and Needle , together with the degrees
on the frame of the T able , moft commodionfly
fupplying the wfe of 1he Pera&or.

2 2 Sl Heule of the Plain Table, Theodalite and Circum-

the Inftrument there;and tam che Index about till throug
you efpicthe mark or angle you would loake at, then thall the Index
] upon the Limbe of the Peralor,
asche Needle would have cut upon the Card of the Circumferentor,
if ufed asis before moght : yet motwi ing this contrivance,
you fee you mutt be ing to the Needle, :
being, that the degrees which-you are to note in
are larger upon the limb of the Inftrumenr then

Now ifany man have a defire to make ufe of th
thinking none beteer, be is much deceived, forthe Box and Needle
being fcrewed to the Index of the Plain Table, and faftned to the
cener of the degrees upon the frame of the Table , performeth the
. { work of :pc PeraGor much better then the Pera&or it felfe; fof,
| | whereasinthe ufe ofthe Peractor, you alwayes let the necdle hang
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‘ | ding Chapters, and their agreement in ali kinde of
S RAE] practifes fully intimated, fo that you may perceive
\ '{E X A1 by what hath been hitherto delivered,that forfome
M LS=4®¥  Kinde of works onc Inftrument is betrer thenano-
ther, and for larg ¢ and fpacious bufinefles, the Circumferentor isthe
beft (the Needle being good, and no impediment neere to hinder
the playing orvertue thereof) there being only this objeétion tobe
made againtt it, viz. that the degrees in the Card are (for the moft
yfo {mall that they cannot be truly eftimated , and o may occa-
fion the greater errour in protra&tion. For the falving of this grand
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by the Needle, here che fame degrees are cwt by the Index, and
therefore are larger, the ufe whereot is thus. |
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| over'themeridian line, and let the Index cut the d yi0 :iil?ou
! {hallfee chat in going round afield, the Needle in the Card,andthe
| Indexontheframe of the Table will cuc like degrees, fochat you
" havea double teftimonie for every obfervation with the fame faci-
. {ity, whichis nofmall farisfa&ion. Now becaufe (Tknow) there
! are fome whichare wedded to the ufe of this Inftrument, and io-
! duce all men whom they can perfwadcto the ufe thexeof, thinking
} none fo good, or at leaft better, I will here’in one 'cxa:‘nxlgcbtiefdy

! thew the ufe thereof, as icis to be performed by the. tccslrtq-
| jcted o theframe of he Pan-Table, andtherby make the Plan
: Table more | T

eral. . o
. LetAB g’,l‘)ﬁ be 2 Field to be meafured by ihe Jndex and
* Nredie on the Plain Table, fupplying theufc of thePerator.
. 1. Phceyour Inftrumerzat A, laying the Index 2ad fights with
' the Box and Needle fcrewed thereto upon the Diamster of the
. “Table, tfien the Index o lying, tra the whole Inftrument dbout ull
 the Needlehang direély over the Meridian line in the Card, dicn
" fcrew the Inftrument faft,and turn the Index about upon the center,

. till through the fights you efpie your fecondangleat B, then you |

. fhali fee that the South end of the Needle will cutuponthe Card in

the
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