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In the Agreement between the Client and the Surveyor, a responsible officer shall be nominated 

to whom all reports and queries regarding the project must be addressed. 

efore commencing fieldwork in any district or region the Surveyor shall notify the responsible Sur- 

veyor underwho's jurisdiction the survey falls, as to the nature of the work and the area in which 

it is to be carried out. 

efore commencing field work on any property, the Surveyor shall personally call on the 

owner, occupier, or person in charge of the property and request permission to proceed 

with the survey. Surveyors should be aware of local custom regulations. 

'l .2.2 Should it be necessary to establish one's bona fides and identity, a copy of the official 

Forms for notice to owners or occupiers of land shall be obtained from the client. 

hould the owner not be availa Iling, the procedure as laid down b 

1. In the event of the right of entry , the Surveyor shall contact the Client as 

estruction of any erty becomes necessary, the rveyor shall keep 

record of such destruction, tog 

this information 



1.3.1 The following records shall be kept 

Sugar Cane Area, ratoon, age and type. 

Grain Crops Area, age and type. 

Other Crops Area, age and type. 

Timber 

Large trees Number, mean circumference and 

height. 

Ornamental shrubs Type & height 

Flags and warning signs in terms of the Traffic Ordinance shall be erected and moved with the 

progression of the survey. 

To prevent any damage to tyres of vehicles or injury to humans and livestock, the following 

regulations shall be strictly adhered to. 

1 S.1 Steel pegs in concrete shall not protrude more than 1 mm above the surface of the con- 

crete. 

1. Steel pegs not in concrete shall be driven down to within 5mm of the surface of the 

ground. 

1.5.3 Roofing screws or steel pegs used on a surfaced road shall be driven own flush with the 

road surface. 

S used on a gravel ro d shall be sunk to a depth of 70mm elow the road sur- 

face and be backfilled with lime. 

ced with the term 

er correspondence. 



.2 All surveys shall run from leR to right in the direction of increasing route section numbers 

or stake values, W ere applicable, unless othe 

If electronic Field books are not used, only survey books approved by the Client shall 

levelling, triangulation and traversin 

This report shall state the progress of any part of a survey project on a monthly basis, as a 

percentage of e.g. basic survey, ground control, calculations, sectioning, plotting, drawing or 

cadastral compilation. 

A technical report dealing with all aspects of the survey, e.g. methods, instruments used, closures, 

name and height of level datum point, results of accuracy checks any other significant details 

regarding the survey project, shall e submitted on completion. 

etailed list of all items delivered and of those still outstanding shall be submitted. The Su 

shall ensure that all goods are handed to and received in er by the officer responsible for 

the contract. 

The contract surveyor shall indemni inst any claims for injury to 



The units of measurement shall be metric and in Sexagesimal measure. 

Unless permission is granted in writing to the contrary, all surveys shall be based on the 

appropriate Lo. system of the National Triangulation network. 

Triangulated survey stations shall be surveyed in accordance with the Survey Act, (Act 

9 of 1927) and Survey Regulations as amended, to class A accuracy. See Annexure 1. 

ere A is equal to 0,04 + 'l,,, and S is the distance in metres between the known and 

unknown survey station. The comparison is made between any observe 

measured distance from the final co-ordinate of the survey station fixed and a known 

Traversed survey stations shall be surveyed in accordance with the 

ulations as amended, to class A accura . See Annexure 1. 

+ S/3o000 and the CO parison is made to the linear misclosure o f t  

of the traverse in metres. 

ance with the survey 

tions as amended to class A a 

een the vector derive 

the datum transfor 

See Annexure 1. 



herever possible, elevations shall be based on the ational Geodetic 

2.4.2 .M. can be found within 1 km of the survey, instructions shall 

from the Client. 

.3 Any benchmark to be used in a survey shall be verified from at least one or preferably two 

other benchmarks before its height can be adopted. 

The origin of the elevation and the datum level point shall be recorded in the field book, 

calculation file and noted on the plan (e.g. A26=1216.453m or N 

2.5.1 The closing error (in metres) of a levelled circuit shall not exceed: 0,003 Jsetups, in 

height difference between the forward and reverse levelling of successive permanent 

survey stations; 

e.g. for 1 km ( 10 setups) levelling and 10 setups check levellin 

3 J20 setups = 

The mean closing error of a levelled circuit s shall not excee 

is the single length of the circuit in kilometres. 

2. spirit levelling shall not 

The final elevations of spirit levelle ecimals of a metre. 



The position of all well defined detail shall be plotted in relation to the co-ordinate grid so that the 

positional error of the detail checked shall not exceed 0,5mm on the plan. 

The accuracy of contours shall be such that the variation in elevation of 9 % of the points check- 

ed, determined by interpolation between contours, when compared with their elevations as 

determined in the field, shall not exceed 0,3 times the contour interval. 

The accuracy of spotheights shall be such that the variation in elevation of 90% of the points as 

checked in the field, shall not exceed 0,25 times the contour accuracy. See paragraph 2.7. 

The Surveyor shall ensure that all instruments and equipment used in the survey, are in pro 

adjustment and test results shall be submitted. 

Horizontal accuracy 160mm and Vertical accuracy 25 mm. 

These tolerances a art of the feature and not to the actual s 

surveyed. See parag 

plied shall be such that accurate contours can at 1 metre intervals, 

oints shall permit interpolation to etre intervals. (ie. 

mmetric contours shall not oints for interpolation 



Horizontal and vertical photo ground control points shall be accurate enough to meet the 

requirements as set out in paragraphs 2.6, 2.7 and 2.8. 

2.13.1 oint 

Key points shall be f m d  to class A accuracy and ma not be more than 2 

true position. 

2.13.2 Int 

m staked points shall not differ from t eir required true position by more 

than 20mm, unless othe 

The distance be een any two consecutive sta ed points must be ithin the accuracy 

length the distance accuracy 

In the case of curves, the closing error shall not exceed 1 :5 . Any error smaller than 

00 must be adjusted pro-rata over the length of the curve here the error on curves 

exceeds 1 5  000 the curve shall be re-stake so that the error is less than 1 :5 

ro-rata over the curve length. 

the levels of the staked line 



it is stressed that the value of the survey depends largely on the permanency of its survey 

stations. 

3.1 . l  .l Unless othe ise specified, a backbone of permanently marked survey stations 

shall be established alon any strip survey , spaced not more than 500m apart. 

Sucssive survey stations shall be intervisible. 

3.1 .l .2 Care shall be taken to place the survey station in a safe position where it will 

least exposed to disturbance or damage. herever it is possible to ascertain the 

position of the road reserve boundary, the survey station should be placed as 

close to such boundary as convenient and preferably one metre inside the 

reserve. 

ey stations may be placed alternately on either side of a road if this will im- 

prove intervisibility except where there is a ossibility that median 

obscure the intervisibility. 

3.1 .l .3 From every survey station at least two permanent reference objects (R.O.'s), be- 

stations of the same survey or tri 

ermanent survey stations sh II be numbered in 

firmly set in the concrete. 

ecified, the following infor 

of not less than 7 mm in size: 

(a) Station numberlyear, e. 

(b) 

(c) 



3.1 .l .5 The numbering shall be positioned facing t e direction of the next survey station. 

Unless otherwise specified every permanent survey station shall be marked by a 25mm 

iameter, galvanised pipe, driven into the ground in such a way that the top of the 

pipe is not damaged or burred. The pi , flattened at the end to be 

driven into the ground, so that 35mm trudes above ground level. A hole, 

275mm deep and 300mm in diameter, shall be dug around the pipe and filled with con- 

crete consisting of a mixture of one part fresh cement, three parts clean, sharp San 

five parts crushed stone (minimum crushing strength of concrete to be 15 M 

leave approximately 10mm of pipe clear above the concrete. ee Annexure 10. 

ould, 250mm in diameter and not more than 100mm in height, shall be use 

and finish off the top of the concrete beacon. The final hei ht of the concrete shall not be 

more than 25mm above ground level. 

3.2.1 .l Each permanent survey station shall be marked b 

standard, driven 10,8m into the ground. The iron standard shall be painted with 

white enamel paint and be placed in such a position as to protect the beacon from 

maintenance equipment in use within the roa reserve or, as otherwise specified. 

3.2.1.2 If the above type of beacon is not suitable to the conditions of a 

written approval shall be obtained for a more suitable type. 

Pillar beacons shall only be placed on request an ith the client. For 

specifications see 

ulation, traver-sin 



Qbsewations at any station or beacon shall consist of at least one arc. 

(a) A traverse terminal point shall be fixed by either triangulation, traversing andlor 

iobal Positioning (GPS) methods. 

For limits and allowable errors see paragraphs 2.3.1, 2.3.2 and 2.3.3. 

(b) The maximum number of traverse legs between terminal points shall 

enty), unless othe bservations for outside orientation shall 

be taken wherever possible. 

hen traversing between two fixed points, observations must be taken at both 

fixed points in order that the traverse may be properly adjusted. 

For limits and allowable errors see paragraph 2.3.2. 

(c) Distances shall be measured with electronic distance measuring e 

less written approval has been obtained for the use of other instrumentation. All 

corrections shall be applied to ensure the required accura 

(a) hen a permanent survey beacons position is determined by intersection or 

trilateration, the an le at the vertex of any triangle used in such determination 

shall not be less than 3 degrees nor greater than 150 degrees. 

) Its position shall n y resection from less t 

in such determination shall 

consist of not less 

etres of the survey se only one arc is 

e points and on at I 



vectors shall be measured to determine the local relationship between the GPS 

rld Geodetic System of 19 S 84), and the National 

Reference Survey Datum by connection to at least three trigonometrical stations 

or permanent reference beacons. The survey s ithin the perimeter of 

these trigono-metrical stations or permanent reference beacons thus no 

olation of surveys shall be all0 observation adjustments for 

the determination of final co-ordinates of permanent survey beacons shall 

y post processing, using a network adjustment progra 

transformation parameters as determine y the GPS survey shall be used for 

the transformation of the adjuste co-ordinates to the L.O. system. 

The following must be submitted in a calc file: 

A technical report dealing with all aspects of the survey, e.g. instruments used, 

methods, checks carrie out, problems encountere and any other significant 

arding the survey. 

A locality sketch 

orking diagram showing all su yed stations as well as all kno 

ordinated points used in the transformation. 

A full co-ordinate list shall be prepare the final co-ordinates and heig 

of all the Survey stations. The eleva scription of the datum 

rintout of the actual transforme 

A text file of the detaile 

file of the transform 



A list showing the comparison between the S irit and GPS levels. 

A disk containing all the final co-ordinates in ASCll formal. The format shall be 

comma delimited. 

.l Final error figures shall be lotted to a scale of one in ten; provisional figures may 

be plotted to any convenient scale. The figures shall be plotted in bold pencil lines 

and shall show against each ray, in the conventional manner, its name, direction 

of observation and length. 

3.3.4.2 If the final position of a triangulated point is not obtained by means of an error 

figure, the final direction, the orientated observe direction and the error limit for 

every ray used to fix the point, shall be given. 

.3  All measured distances shall be corrected in the fieldbooks or on the field sheets 

before being used in the calculations, except where a computer programme 

makes provision for these corrections. 

The fieldbook and caiculation reference (p 

survey point use and determined during in th 

A separate and full CO-o inate list (punche for filing in the same 

es - see paragraph 

ask and photo control survey 

oint of the survey shall 

ulation, traverse an 

e adhered to as S 

ies of the original ter printouts shal 

of the calculation sheets. 



The Surveyor shall clearly indicate the methods of calculation use 

puter printouts shall be sufficiently detailed with regard to 

actual printed data, to show all relevant data as accuracies, tolle 

case of GPS surveys vector residuals as stated in the Land 

3.3.5 Final co-ordinates of surveyed beacons shall be given to the second decimal place. 

.l .l For allowable errors and other relevant detail requirements see paragraphs 2. 

and 2.5. The elevations of traverse stations shall be determined by spirit levelling 

Level instrument adjustment checks shall be performed daily before the 

commencement of surveys and e reflected in the field book. 

.l .2 All station elevations determined y spirit levelling shall be measured twice, i.e. 

ard and reverse levelling using the adjusted mean. 

.l .3 The reduced level, given to 3 decimals of a metre for any survey beacon, shall 

the top of the peg marking the survey beacon. 

than 40mm above the groun ifference to the top of the peg above 

normal ground level shall be qu 

reduced level of the top of the 



-- - 

All spirit levelling of permanent suwey stations shall, in a dition to the reverse 

, be independanily checked onometrical height 

determination at the time of the traversing. 

3.4. ravers i 

2.1 The Client may allo onometric levelling for 

the determination of elevations in steep terrain. If this method of height 

determination is allowed, distances b een consecutive survey station shoul 

be kept to wahin 50 metres and the vertical angle shall 

two arcs of obsewations. Signal and instrument heights shall be measured and 

recorded before as well as after the completion of the observations. 

mission to use this method of height determination shall be obtained from the 

Client. See also para 

GPS survey methods shall not be used to determine the elevations of permanent survey 

eacons. 

uction of spirit levellin 

here reductions are not 

calculation file. 

corrections for cu 

simultaneous reciproc 



A level photo control points shall be a point on the groun which can be easily and 

lively identified on the photo raph. It shall permit maximum accuracy in 

obtained when o served stereoscopically. 

The minimum requirements for a fully controlled stereo model are height control points 

(wing points, LPCs) and 3 premarked or identified co-ordinated photo control points (PCs) 

along the centre of the strip, or, alternatively, 6 points fixed by aerial triangulation. 

model shall have one height control point (LPC) in each corner of the 

fall well outside the area to ed and not less than 30mm from the edge of the 

photograph. At a photo contact scale of 11 0 the heighted points (LPCs) shali be 

easured on the photograph and metres as measured on the 

ground. No extrapolation shall be permitted. 

In adverse and extreme terrain conditions these requirements may, in consultation with 

the Client, be relaxed. The photographs conwmed S all be submBed for inspection. See 

GPS survey methods shall not be used to determine the elevation of p oto control points 

unless evidence can be shown that a sumcient number of kno n height points, sprea 

over the entire survey project, has been included in the observations to determine the 

exact Geoid of the area, for interpolation to the Geoid on the new points. 

Refer to paragraph. 3.7. for the aerial triangulation point 

ach permanent survey station to 



Annexure 7). A black cross shall be widened to at least ,35m to offset the effect 

of halation (flare) and shall not incorporate an shiny or reflecting material. 

photo control point (PC) shall be a premarked point or a point of natural detail 

which can be easily and positively identi.fied on the photograph. it s 

maximum accuracy in to be obtained when observed 

stereoscopically and shall be fixed accordingly. 

These points may be permanent survey stations andlor surve 

permanent survey stations and will be used as planimetric control in each stereo- 

scopic model if aerial triangulation is not employed. Three planimetric control 

points shall appear along the centre of each model and be co-ordinated in Y, X 

and Z. 

3.5.2.3.1 en full planimetric photo ground control is required for mappin 

unless the nature of the terrain ently, the maximum spacing 

een photo control points 

0,03IS, where S is the conta 

hen aerial triangulation is e 

hot0 control points shall be c 

is the contract scale of the presents three times the 

or aerial triangulation see 

hoto control point shall 



3.5.3.3 In difficult terrain additional points should be identified and fixed. 

oint shall be marked only on the photograph on which it appears nearest to 

the photo centre. 

.2 The point shall be pricked on the photograph in the marke 

needle. 

A sketch of the point shall be prepared in the field in accordance with the following 

procedures using a suita 

3.5.5.1 The photograph S all be turned over longitudinally along the direction of the strip. 

3.5.5.2 The sketc e drawn on the reverse side of the photograph and in the area 

relevant to that point. 

3.5.5.3 The sketch shall be drawn as seen under a stereoscope and not as seen on the 

ground. 

e supplemented with a descri 

stereoplotter operator in its identification. 

henever the selection of a point on a raise position cannot be avoided, the 

urveyor shall state whether its hei ht refers to the raised position or to groun 

level; the height ifference shall always be note 

A photo control 



The number shall be printed above the circle on the front of the photograph and above 

the back of the photograph. 

ach Permanent Survey Station shall be pre 

3.6.2 Photo ground control points shall be premarked on a contrasting background and shall 

be positioned where they are least likely to be destroyed or covered by dust. 

.3 Care shall be taken to ensure that the point will not be in shadow at the time of the 

photographic flight. 

The surveyor shall satisfy himself that the point will not be obscured by tall features, 

i.e. not less than 5" from the horizontal. 

3.6.5 To facilitate accurate eighting by the stereoplotter operator, premarks should not 

placed on steep slopes. For premarks see Annexure 7. 

ht photo ground control (fixed in the fie1 reseribed methods) is 

used for mapping purposes, aerial triangulation may be use 

inates for minor photo control 

e results of the adjustment of the aerial triangulation fulfil the following 

.7.1 .l Aerial trian 

lotter, an 

These tie points shall be marked 



ie points shall be selecte ottom parts of this sec- 

djacent parallel strips are present the tie points S all also fall in the 

y the side laps of such strips. A third tie point shall be selecte 

at the centre of the section, close to the 

.7.1.3 The adjustment of the aerial triangulation servations may be perFormed by 

any accepted block adjustment metho with the Client's prior ap 

. A direct solution for the block adjustment is recomme 

The method of "high flown/lo n" aerial triangulation shall not be allowed 

unless authorised by and under full control of the Client. 

rever the Client allows the use of aerial triangulation to obtain planimetric 

eight photo control points for mapping urposes with the minimum of 

photo ground control points, the foilo cifications shall apply, unless 

3.7.2.2 Aerial triangulation on an anal parator will be allowed only if 

all corrections for known errors, such as instrument errors, lens distortion, 

refraction, earth curvature and fil deformation, are applied to t 

observations. A minimum of fiducial marks shall be used and the output 

all be full model co-ordinates including of the perspective centres. 

Artificial tie points shall be marke with a precision point markin 

oints (I to 3mm a 

e section of the diapositive a 

strips. 



-- p---- p 

ouble and single tie points shall form a rigorous network geometry for the 

iven that the ground control points shall form their own rigorous 

network. 

3.7.2.6 A rigorous, block adjustment program (e.g. PATM independent model block 

ram) shall be used for the adjustment of the aerial triangula- 

djustment shall be erFormed in such a manner that the sta- 

tistics will reflect the accuracy of the photogrammetric observations and the 

residual errors at the planimetric and height ground control 

3.7.2.7 All photo ground control points shall be premarked. 

erimeter planimetric photo ground control points (PC's) shail be planned to fall in the 

corners of the block of photography and spaced not more than 4 model base lengths 

apart along the perimeter of the block. 

Height photo ground control points (LPC's) shall be placed in lines across t 

forming the block and at the beginning and at the end of each stri , not more than 2 

model base lengths apart. model base lengths 

lock, but shall remain 2 se lengths along the perimeter of the 

block unless othe 

ht photo ground control points (L 'S) shall fall within the sidelap of any over- 

lapping adjacent strips, as ell as along the perimeter of the 

fully control each strip for lateral till. 

3.7. oto 

oto coverage of an 

e used to obtain planimetric 



In the aerial triangulation lock adjustment the la est errors occur along the edges of 

the block. It is therefore imperative that the photo cover be extended 

ders of the area to be mapped by at least one mo el at the beginning 

at the end of each strip and at least y half a strip width along the borders covered by 

the photography, The perimeter photo ground control points controlling the block will, 

as a result of the above planne e, fall outside the borders of the area to 

, thus maintaining a rigi control over the photographic block, with the lar- 

gest errors occurring outside the area bein 

If aerial photogra orating Global Positioning (GPS) methods to fix the 

camera's principal point at the time of exposure, is to be use 

cing photo ground control for aerial trianguiation purposes, prior permission must be 

obtained from the client who will issue the relevant specification. 



.-l ,'l The arrangement of survey records and the methods of reduction shall be such that a 

simple scrutiny of the results will allow an immediate assessment of: 

(a) the standard of the work and 

(b) the likelihood of the absence of errors; this principle applies equally to 

calculations done by computer. 

.l .2 The reference number allocated to the survey records shall be ascertained in advance 

and shall be added to all field books and calculation pages as the work progresses. 

.l .3 All records shall be on non thermal A size paper, orderly and fully annotated, 

cross-referenced and adequately checked. 

Plans, fieldbooks and sets of calculations shall bear the Surveyor's signature and date. 

.1.5 Field books shall be numbere consecutively as one series for each 

book shall be num ered consecutively. 

alculation pages shall be unched in advance, 

and centred in the upper margin, for filing in the 

.l .7 Calculatio consecutively from 1 

. See Annexure 2. 

lculation reference summary 



Pages 3000 - 4999 Orienting joins and 

All calculations and direction sheets (except 

cadastral cal-culations) arranged in their 

chronological order. 

Pages 5000 - 5999 All elevation calculations in their chronological 

order. 

Pages 6000 - 6999 Aerial triangulation calculation and printouts. 

Pages 7000 - 799 All photogrammetric setting records. 

Pages 8000 - 8999 GPS records. 

Pages 9000 - 9999 Any other not specified in this list (fieldwork). 

Transcription of data shall be avoided to minimise the risk of mistakes. 

4.1.9 Co-ordinate lists shall clearly indicate the level datum, Geodetic System, job description 

and survey date. 

Only the Client's approved survey field ooks shall be used. 

herever electronic data is used, a hardcopy 

requirements as set out i 
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.3.1 Every fieldbook shall be given a unique reference number; the numbers of al! 

books pertaining to one project shall form a series. 

very fieldbook shall have a title page giving the name and address of the Sur- 

escriptionltitle of the survey, the year, the number of the book and an 

index page listing the contents of the 

2 3 . 3  The source of all starling data (e.g. first orientation irection, elevation and na 

of starting benchmark, etc.) shall be clearly stated in the fieldbooks. 

Cross-referencing shall be done in and between fie1 

.2.3.5 Constants and factors used for the reduction of distances shall be entered on the 

ook, referring to the number of the field-book page on 

which the relevant measurements were entered. 

.3.1 Calculations shall follo the principles in common use in th epublic of South Africa as 

described in the Annexures to the Survey 

of 1927 as amended. See Annexure 1. 

oint has been measured or observed more than once, the comparison 

een the various measure ents and the finall adopted value shall 

e field book or in the calculations. 

e calculations shall 

1 lation reference s 



b) The direction sheets (page 300 999) shall show the fie! ook page numbers 

for each set of observations at the triangulation points. 

All hand calculations shall e entered in ink an on one side of the paper only. 

Legible copies of the printouts of the computer calculations S all be bound. Compu-ter 

calculations shall be sufficiently detailed with regard to printe 

4.4.1 A working plan shall awompany the basic survey calculations includin Global Positioning 

Sytem (GPS) surveys and shall be drawn on a stable base transparent material to any con- 

venient scale, or on a transparent 1 : 50 000 Topo Cadastral map. See Annexure 13 and 

.2 The working plan may be rawn in sections and shall not exceed 210mm in width so that 

ithout lengthwise folding. 

(an shall show all trigonometric beacons and all permanent surve stations. If the sti- 

pulated width of 21 0 m is not sufficient, a separate plan at a smaller scale, sho 

survey points, shall be 

to fix the terminal survey points shall be sho 

direction and ap 



A level diagram, schematicaily showing all lines of levels, circuits, benchmarks, height differences 

between adjacent benchmarks, lengths of lines, closing errors and ailo 

lines and circuits, shall be submitted. The direction in which a line was levelled shall be indicated 

by an arrow. See Annexure 12. 

The Surveyor shall supply a cadastral key plan on standard A0 size sheets unless otherwise 

specified, at a scale of b een 115000 to 11250 epending on the densit of the cadastral infor- 

e key plan shail sho 

(a) All survey sheets accurately scaled and plotted. 

(b) All farm boundaries, subdivisions and townships (only block corners and streets). 

(c) Ail cadastral beacons, numbered according to the cadastral data as calculated. 

.7.1 The co-ordinate list shall provide all information reflected in Annexure 4. 

4.7.2 Full co-ordinate values shall be shown and no constants shall be su 

.l All points falling in the stereoscopic model shall be indicated on the settin 

ositions in the model. 

Final residual ciosures o ained from observations a solute orientation 

e indicated next to each oint on the setting sheet or on the 

printout. (Final resi re not the adopted absolute orient 



- 

.3 The following information shall be shown on the setting sheet or computer printout: 

number, stereoplotter type and number, rno el number, strip number, photo 

scale, model scale, plan scale, camera type, number and focal length, operator's name and 

the date of compilation. 

The Surveyor shall submit all records as defined hereunder : 

4.10.1 .l The following records shall be submitted for approval by the Client as 

soon as possible after the photography has been completed. 

a> One (1) set of contact prints. 

b) The flight plan (see paragraph 5. 

4.10.1.2 letion of the survey, the following shall be submitted: 

a> All negatives. 

b) All diapositives. 

c) All contact prints as specifie 

ooks including printouts of electronic fie books, calculations, 

iagrams and co-ordinate lists relating to the b 

.l 0.3.1 ntouts of electroni 

.70.3. All prints used for annotation, 

poses. 



.10.3.3 All photogrammetric calculations, aerial triangulation records and machine 

setting sheets. 

The set of survey plans together with the relevant key plans and di 

All cadastral data, diagrams, compilations, calculations, key lans and digital data. 

All co-ordinates and heights of survey ground control, photo ground control and cadastral 

calculations shall e supplied in separate files on ood quality computer disks and labelled 

as specified by the Client. 

All Computer Aided Draughting (CA ) data shall be sup lied in a format specified by the 

client. 

ort dealing with all aspects of the survey, e. . methods, instruments used, 

closures, name and height of level da , results of accuracy checks a 

significant detail regarding t 

The delivery note shall consist of a detaile list of all items delivere nd a list of all items 

ing. The contractor shall ensure that all goo 



This chapter covers technical requirements, standards of equipment, execution and recommended 

procedures for aerial photography as used for the photogrammetric compilation of topographical 

aps and for natural resources evaluation. It is applicable to panchromatic, colour, infra-red and 

(false) colour infra-red photography. 

5.1 .l Unless othe , an aerial photography contract shall include the supply of the 

o sets of contact prints, one set of contact diapositives and the 

flight plan. 

The photography shall be done with an approved, nominally distortion free, standard wide 

angle (1 52 mm) hotogrammetric camera of 230x230 mm format. 

libration report shall be submitted showing the radial distortion of image points 

referenm to the principal point of autocollimation not excee mm measured in the 

focal plane, as well as lens type, make and manufacturer's number and ate of calibration. 

This certificate shall be consi red valid for a period of not more than 3 years. 

cts the calibration 

be coated to compensate 

.l The contractor shall, at his own ex 

area with each camera that he proposes to use as d 



5.2.4.2 The photograph shall cover two or more overlapping film negatives. 

.3 The test area shall contain at least twenty four (24) readily identifiable photo 

ground control points well distri uded throughout the entire overlap area of the two 

negatives. The mean square error in position an height of the photo ground 

control points shall not exceed &0,05m and .& ,'l 5m respedively. 

.4 The contraaor shall supply the following records in respect of the photo 

(a) Plan of the test area. 

(b) CO-ordinates, height and description of each photo ground control point. 

(c) An enlarged photographic print, on which the photo ground control points 

are clearly marke at such a scale as to allow their easy identification. 

(d) One set of diapositives and contact prints each, for any one test area. 

.5 Any inconsistency bet een the results obtained from the photography of the test 

the camera calibration dat may result in the rejection of any photo- 

graphs taken by that camera. 

The location, size an oundaries of the 

y the ciient in the tender re 



continuity occurs, the separate sections of the stri I! overlap by at least five 

overage beyond the limits o f t  e area to be mappe parallel to the flight lines, 

shall not be less than 20 percent of the width of the photographic strip. The first 

two exposures as well as the last two exposures of each strip, includin 

required overlap, shall e completely outside the area being mappe 

Photographs coverin 5% non-stereoscopic area, will not be accept- 

able. 

The fore and aft overlap shall generally average 0%; any overlap less than 55% 

5% shall be considered sufficient grounds for rejection of the entire 

strip. In the event of extreme variations in elevation in an area, deviations from the 

above requirement may be permitted. Deviations shall be limited to the area where 

such cond%ions prevail and complete stereoscopic covera 

times. 

Unless othewise specil'ie een parallel strips) shall 

r rejection of the enti 

above the mean 



Photography shall be undertaken only when conditions are such that acceptable negatives 

tography shall not be attempted 

haze, smoke, dust en clouds or cloud shadows may appear on any one photograph. 

5.3. olar Altitu 

, photography shall be undertaken ith a solar altitude of not 

less than 30 degrees. The Client ma place an upper li it on the solar altitude in 

ill be defined in the ten er requirements. 

uring the photographic flight the camera shall be compensated for crabbing of the aircra 

such that the edges of the photogra ithin 5 degrees with the 

line of flight. 

eparture of the camera lens axis from the vertical shall not normally exceed 2" though 

exposures with up to 4" e allowed in turbulent conditions. 

orredions to the aircrars course between successive photogra hs shall not exceed 3". 

se or carrier for the emulsion shall not 



The exposure S all produce a negative with most of it's image densities located on the 

approximately straight portion of the characteristic curve of the photographic material. 

Minimum density shall not be less than 0,2 above base fog. In choosing the exposure to 

meet the requirements, consideration must be given to the effective film speed at the 

average gradient necessary to deal with the brightness range of the terrain to be 

photographed. 

The exposure shall be made at the aperture and shutter speed setting for maximum 

hen image motion due to groun speed is likely to be the limiting factor on 

resolution, exposures shall be made at maximum shutter speed consistent with adequate 

exposures. 

Processing procedure shall be in accordance with the recommendations of the 

manufacturer of the film type used. For black and white negatives the de 

evelopment shall be determined with due regard to the brightness range of the terrain. 

The average gradient shall be although in exlreme cases, where 

the photography is of terrain o brightness, processing to a value of as high as 'I ,5 may 

The lower values apply to areas of a brightness range such as in mountainous terrain 

here deep shadows and hi hts may occur in close 

procedures should be sufficiently uniform to ensure that for an 

the mean value. 

ntal effect on the dimensional 

ture change sufficient to cause 



The photography shall e clear and sharp in detail, of uniform density and have the proper 

degree of contrast for all detail to sho clearly in both shadow an 

Photography having excessive contrast, or low in contrast, may be reject 

e, haze, excessive sn 

and other blemishes. 

ata 

The film, contact prints and dia ositives, shall clearly reflect the following data in res 

of each exposure. 

5.1 The allocated Photographic Job umber on the right as supplied by the client. 

er on the left, agreein with that of the feeder 

r shall consist of at least four di its and zeroes shall be use 

principal distance corresponding ith the latest cali 

tiiicate. 

.5.5 The camera altimeter reading, which shall be synchronised with the aircraff's 

altimeter. 

The chronometer which shall record 

te contact scale o f t  

er of the lens cone. 



.5.11 The route number and its description. 

Any of the above items not photographically recorded shall be added to the negative film; 

no data shall encroach on the image area of the film nor obscure fiducial marks. 

A film index, as shown in Annexure 3, shall be submitted with every job and shall contain 

the following infomation: film numbers, job number, strip number, photo numbers and the 

y. This infomation shall also appear on the film canister and the flight 

plan. 

The required number of prints, as stated in the tender requirements or specifications, shall 

ith the aerial film. Contact paper prints shall be on double 

Special care shall be taken to ensure proper development and thorough fixing. The 

e clean and free from all lemishes and shall be thorou ashed to clear them 

of chemicals that may impair their per 

density and the degree of contrast shall be such that all 

ark and bright areas 

cial marks unless othewise sp 

e approximate contact scale of the photo 



The make of camera, number of the lens cone, its focal length and type of film used. 

5.6. oute number, title and Job Number 

5.6.5 The scale of the ight plan, co-ordinate grid system and North sign. 

The strip positions and extent of coverage. 

o centres shall be plotfe inning and end of each 

every fifth photo centre on each strip shall be sho 

marked with a cross and labelled ith their full exposure number. 

raphs beyond the specified requirement shall be nu 

5. ers of the first an last exposure of each stri ected in tabular for 

. l  0 The contractor's identification mark. 

ing records shall in respect of each job: 

5.7.1 The full negative film of each exposure in the standard metal or plastic c 



This section covers the collection of all data defining the cadastral boundaries of properties in 

respect of which deeds of tenure are re 

The purpose of this phase will be to provide current, up to date and accurately calculated cadastral 

information to compile detailed cadastral plans of a project to: 

establish road reserves 

produce expropriation plans 

supplement and complete the final mapping 

shorl term leases, and the interior boundaries of separate mining titles which 

together constitute sin le mining properties, but shall inclu e all farms, subdivisions, smallholdings, 

township lots, servitudes, road proclamations, etc., falling within the suweyed area as at the date 

of the survey. 

The primary source of cadastral information shall be the office of the Surveyor General ( 

which copies of existin cadastral compilation sheets and diagrams can 

grams shall be groupe ralely under parent 

sequence accordin 

Calculations of CO-o 

anner. A complet 



6.5.1 Unless othe ise specified the plottin of cadastral lines on the survey sheets shall be 

exlended to at least 100 metres beyond the surveyed area. 

For key plan plotting see paragraph 

For ease of correlation, all beacons featuring in the cadastrai calculations shall be arran- 

ged in numerical order. Such numbers shall be note in red if on Lo a in blue if on any 

other system, on the compilation plans as agrams. These 

bers shall not be annotated on the final plans, but only on the cadastral key plan, or 

as otherwise specified. 

6.5.3 All boundaries of sewitudes and rights of ay shall be indicated ashed lines, except 

where these lines are also the boundaries of subdivisions. 

.l A! boundaries, beacons and property descriptions shall be dra 

lettering, or as othe ise specified, on the original plans. rior authority shall be obtaine 

for any deviation from this instruction. 

6. names shall appear imme at the top or bottom of the 

survey area. This will generally end on the density, shape and size of the farm. It 

be necessary in some cases to reduce the size of the farm name to not less than 3m 

e able to accommo ate the name outside of the area 

names shall at all times a pear on the edges of the mappin 

or pen sizes see the 



.l .3 Descriptions of 0th farms are required to e written along the common boundary 

line and adjacent to each other, usin 

Care shall be taken to ensure that pro tions and subdivisional 

ith their respective diagrams. 

6.6.1.4 The adastral description ie. f a m  name and S.G. number shalt be shown for each 

farm, subdivision, servitude and right of way. 

6.7.1 Unless othe ise specified, the contractor shall supply a cadastral key plan on standard 

size sheets, as well as in a CAD format at a scale of be een 115000, 111 0 000 or 

, depending on the density of the cadastral infor 

the following: 

(a) All survey sheets, accurately plotte 

the survey sheets plotted, sh 

nships. The full 

e numbers of all ca to the relevant ca 

calculations. 

astral data shall 



Shall be grouped separately under parent farms in alphabetical order. 

Shall be filed according to the index on the first page of the file an 

numerical sequence according to su divisional numbers. 

ilation sheets shall be folded in A4 format and filed in sequence, 

compilation number on the outside of the folded sheet. 

All co-ordinates shall be supplied on good quality discs in the prescribed A 

format, labelled to identi 

rrors in the plotting of ca astral boundaries, whether by co-ordinates or by angle and distance, 

shall not exceed I mm in relation to the co-ordinate grid. 



The purpose of the survey is to provide digital data and detailed plans as specified by the client for 

comparisons of different routes with regard to gradients, curvature, extent of earthworks, severance 

of properties, etc., as a preliminary to large scale surveys of selected routes. 

The following are recognised as separate phases of the survey and shall be carried out or omitted 

in the Survey Requirements: 

7.2.1 , being the aerial photography, the processing of the film, the supply of 

all negatives, contact prints, diapositives and flight plans, as specified. See chapter 5. 

ontrol, being all ground survey work required for the establishment of photo 

control points, the annotation of detail on the photographs, the aerial triangulation and the 

suppfy of all related records. 

7.2.3 rammetric compilation and electronic ata capturing of all 

detail, the drawing ofthe plans, the final checkin in the office and the supply of all related 

7.2.4 , being the collection of the data defining all cadastral boundaries 

gnations from the office of the Surveyor General an other sources; the 

thereof on the plans an ply of all related reco 

7.3.1 The scale shall 

idth of the strip shall 

he contour interval shall be as laid 



7.4.1 The photography shall be taken at a mean fl bove ground elevation not 

.2 The centre line of the photography shall fall along the approximate middle of the area to 

the average flying hei ht shall not excee 

the specified height. 

7.5.1 The suwey shall run from left to right in the direction of increasing route/section numbers. 

7.5.2 A sheet layout shall be submitted for approval before the draughting of the survey is 

commenced (See Annexure 13), a workin plan is not required. 

The flight plan shall be supplied as per paragraph 5.6. and Annexure 1 

ach model shall be fully controlled. 

7. oints fixed in the fie1 e supplemented y means of aerial tri 

d, shall be positively identified in the fie1 

icked on one photograph only. To avoi 

osition of the gro e such that the entire strip to 

er section between photo g control points shall 



Photo control points fixed by aerial triangulation may be suitable oints of detail, identified 

and marked on the photogra h, or they may be suitable marks in the emulsion of the 

diapositive. 

.7 The Lo co-ordinates and heights of photo ground control points shall be fixed by Global 

osilioning (GPS) or normal survey methods from surrounding tri eacons. The generally 

accepted principles, bein adequate checkin ng of field notes and 

calculations, shall apply. Suficient fie1 ork shall be done to ensure that every part of the 

field survey is checked. For GPS heighting see paragraph 3.5.1 

arate and full co-ordinate list, punched for filing as specified in paragraph 

be prepared to show every photo control point with its co-ordinates and height. 

.9 Although annotation is not generally a prerequisite for this type of survey, a certain amount 

of annotation is required in order to identify important etail which may have a 

the location of a road. 

ames of homesteads, villages, stations, rivers, important features, as graves, holy and 

historic places, etc., shall be given as ell as destinations of main roads an 

lanimetric and hei ht photo control y aerial triangulation. 

7.7.1 .l Aerial tria lation shall be perFomed on either a 

section in the area 

the centre of the 



7.7.1.3 The adjustment of the aerial triangulation may be done by any accepted block 

adjustment method after satis ing the Client of its adequacy. A direct solution for 

block adjustment is recommended. 

7.7.1.4 No "high flown/low flown" aerial triangulation will allowed. The photography to 

ing purposes shall be aerial trian ated to obtain control for each 

opic model, i.e. a minimum of 

fall in the four corners of the model. 

orted Aerial Triangulations see paragraph 3.7.5. 

7.8.1 In general, all topographical features and manmade structures, consistent with the scale 

of the plans and the purpose of the survey, sh e plotted. In addition to major detail, the 

main requirements are the contours an mentary spotheights which shall be suf- 

ficiently frequent to ensure accurate interpolation of heights for the comparison of 

Frequent spotheights 

7. here the ground is obscured by vegetation or other matter, the required detail shall be 

surveyed in the field if requested. In this case, the contours shall be supplemente 

hts surveyed in the field and shown on the plan. 

.3  Unless othe specified, contours s at 5 metre vertical intervals an 

erever the contours are insuficient to 

7. rent material of not less than 

) data shall be submitte 

h the remainder of the 



herever a change of Lo syste occurs, except for the 15 minute exclusion zone, the 

values of both Lo systems shall be shown on the sheet straddlin 

Lo meridian. 

6f a survey does not extend for more than 15 minutes beyond the Lo system of origin, only 

the system of origin shall be used. 

In addition, at least three adjoining survey oints on the affected sheet shall be given on 

both Lo systems. 0th sets of co-ordinates shall be given in the co-ordinate list and on the 

relevant plan. 

The remainder of the survey shall be completed in the new Lo system. 

01s used shall conform to those laid down in the drawing specifications. See 

chapter I I. 

herever the ground 

is obscured by dense vegetation, contours shall be supplemented by spot heights fixed in 

i l 

The spelling of piace names sh e South African 

ames, available from the Government 

All detail as prescribe 

Values of contours he contour and 

o the clients specifications. 

control points and tri ithin the limits of the 

sheet. 

ail and contours shall 

h 11.1.13, oras o 



The pianimetric photo control stations S all be surveyed in accordance with the Survey Act 

of 1927 as amended (Act egulations as amended, to a class C 

accuracy. See Annexure 1. 

The vertical error of a photo oint shall not exceed 0,15 metre. 

The position of any well defined oint of detail on the plan shall agree to within 0,5mrn with 

it's posLion as derived y ground survey methods. Such point shall be tested only against 

points in its vicinity as were actually used to fix it or are near enough to have 

een so used under normal circumstances. The planimetric errors of 90% of all points 

checked shall not exceed 0,5mm. 

The accuracy of the contours shall be such that the difference of the elevations of the 

checked points as 

e field, shall not exce flying height; e.g. if the 

scale of the photography is 112 and the focal length of the camera is 

60 metres and the accuracy of 0% of all contours chec 

their true values. 

The accuracy of photog 



7. 

Co-ordinated points shall be plotted on the plan to within ,5mm of their true position in 

relation to the co-ordinate grid. 

The positionai error of a plotted cadastral point shall not exceed k 1 ,Omm in relation to the 

co-ordinate grid. 

On receipt, the Client shall visually inspect a set of contact prints for photographic quality 

and flight conditions. Further inspection or tests, deemed desirable after visual inspection, 

may be carried out by the Client. 

2 the accuracy of the photo groun 

points, shall not exceed the tolerances laid down in paragraph 7.9.1. 

The errors in any check survey, carrie 

ing shall be rejected because of pl nimetric inaccuracy unless the error, derived 

oinls, exceeds the tolerance specified in paragraph 7. 

shall be rejected because of inaccuracy of the contours unless 

e tolerance specilie 

teness of topogra 



The surveyor shall sub it all relevant records a s  specified in chapter 



urpose of this survey sh rovide detailed plans and d for the selection of a 

road centre line, to provide a backbone of permanently marke and accurately fixed survey 

beacons for future use in staking, for revision surveys, to study the engineering requirements of 

road construction and for rehabilitation and expropriation purposes. 

The following are recognised as separate phases of the survey and shall be carried out or omitted 

as specified in the 

y, being the aerial photography, the processing of the film, the supply of 

all negatives, contact prints, diapositives and flight plans, as specified in chapter 5. 

y, being the establishment of a horizontal and vertical survey network of 

permanent survey stations, and the supply of all related reco S. See chapter 3. 

trol, being all field survey work required for the establishment of 

annotation of detail on the photographs, the aerial triangulation, 

and the supply of all relate records. See chapter 3. 

rammetric or other plottin and digital data reco 

the final checkin office, and the supply of 

the colleGtion of all 

the office of the urveyor-General or other sources; 

e data on the plans, inclu all necessary field survey 

.l The scale shall 



P- 

les shall be recorded in sexagesimal measure. 

The width of the strip to be surveyed shall normally be 75 m for surveys of 1 in 2 00 

m for surveys of 1 in 1 000 scale an 250m for surveys of 1 in 

herever the outline is not shown on the photographs or othe ise indicated or lai 

.l .l A Set of plans shall e plotted to a scale lai 

using such photogrammetric instruments and supplementary means as 

specified. Each plan or a model of the whole project shall also 

digital format according to the clients requirements, See paragraph 11.1.13. 

efore commencing plotting o urveyor shall submit to the Client 

for approval, a provisional plan 

out. On completion of the survey 

arate plan but m 

plan. 

The survey shall run from \eft to right in the direction of inereasin 

numbers, or as othenrrise specifie 

.l .3 A double matt, stable base ransparent film m 

75mm nor more tha 

ize) shall be used for the final plans, unless ot 



Om for plans at 1 : 1 Om for plans at 1: scale. Their 

full values are to be indicated along the edges of the sheet. 

herever a change of Lo system occurs, the co-ordinate axes and values of both 

Lo systems shall be shown on the sheet stra 

dition, at least three adjoining survey points on this sheet shall be given in 

both Lo systems; both sets of co-ordinates shall be iven on the co-ordinate list 

and on the plan. 

The balance of the survey shall be completed on the ne Lo system, except where 

the survey does not exten minutes beyond the adjacent system. 

The plotted detail shall not e end beyond the margin of the plan. Unless 

ecified, the survey sheet shall overlap the adjoining sheets by not less 

than 5Omm measured on the plan if the sheets are lying roughly in the same 

direction; if not, the overlap shall be increase so that reasonable continuity is 

. If grid intersections do not fall ithin the overlap area it will be 

necessary to dra aced orientation crosses in the overlap. See 

paragraph 11.2.3. 

rawing symbols for survey plans, as, specified in Chapter 11, shall 

adhered to. 

ata shall be carefully 

ach sheet shall sho 

nd their full values e deduction of an 

constant. 



(c) ontour values at the end(s) of contours and at approximately 40 

tervals along the contour. 

(d) A title block according to the clients specifications, showing the title o f t  

survey, route and section numbers, the name of the contracting firm and 

the date of survey; a co-ordinate list of anent survey stations; the 

k of origin (Level datum). 

(e) All permanent surve stations, north direction, photogrammetric ground 

oints, benchmarks an ithin the limits of 

the sheets. 

(9 I I  photo centres. 

(g) Sheet numbers shall increase in the direction of increasing route and s e c  

tion numbers or as othe 

(h) ed for a sheet index on all A sheets in the right hand 

bottom corner of the working area of the sheet or, if so specified, in the 

individual ti le blocks. If in exceptional circumstances this cannot be done, 

the layout shall be drawn wherever space allo S. The sheet index shall 

the sheet in relation to its adjoining sheets; only sheet outlines an 

n. If separate ca astral overlays are necessary, 

cross referencing in the space provided shall be used; 

The sheet index on the topographical sheets shall show adjoining surve 

sheets whereas the layo& on the cadastral over1 

ing cadastral sheet(s). 

earing on the selection of the final roa 

construction, shall be su 

I intervals (unless othe 



ot heights at frequent intervals an on such features as roads, railways and 

bridges, etc., where elevations may affect the engi-neering esign. In particular, deck 

levels of all bridges shall be given and spot heights at least every 1 

tracks and major roads. Sufficient heights shall appear on the plan 

itudinal profile of the pro- osed road to be 

ivers, streams, springs, canals, dams and their full supply levels, pans, marshes and 

areas subject to tidal ooding (calling for additional spotheights); names, if any, of such 

features and direction of flow where applicable, shall be indicated on the plans. 

n flood levels of main streams, as near as can be determined from local 

evidence or information; the source of such information and the S ecific point and date 

, shall be indicated on the plans. 

High tide marks, high water marks of tidal rivers and water levels of streams and dams at 

the date of survey. 

orest, bush, scrub, plantations, orchards, avenues, cultivated lands, hedges, indivi-dual 

trees which are landmar ith the outlines of such areas correctly shown. 

ock outcrops, cliffs, sand dunes, ero areas and gullies. 

ays, differentiating gauge and between 

ned lines. The destin 

etween bitumen, concrete vel surfaces, indica-ting 

ith the route descrip-lion in 

as the invert levels 



rainage and irrigation furrows. 

ings, digerentiating between t pes of construction and stating the function of the 

building other than domestic dwellings, e.g. store, school, etc. 

ational monuments and buildings or structures of historical interest, stating names. 

telephone lines, sho 

Underground pipe lines, cables and other features, the position of which shall be 

ications or from the responsi 

.5.17 Gates and fences, di rentiating between oundary, stockproof, verminproof and securit 

fencing, etc. All access points shall be shown. 

Stone or brick walls, wells, boreholes indmills, indicating epths and supply rating 

hen obtainable. 

Cuttings, emban ments, quarries, orrowpits, tunnels and mine workings. 

Cemeteries and solitary 

23.21 Rock outcrops, loose 

ilometre markers and all other road si y the specified symbols. 

herever a surveyed feature of any kin particular those listed under 

.5.7 is contained within outlines, these outlines shall 

In respect of suc 



.l .l The standard of accuracy of the su shall be taken as the standa 

relative to the tn'g beacons, bench marks or other reference points 

survey is based. 

.l .2 When comparing the results of a survey with the results of a check survey, due 

e for the standard of ccuracy of the latter. 

.l .3 All the points in the stereoscopic model shafl be indicated on the setting sheet in 

their relative position to each other. Final a olute closures shall be indicated next 

to each point on the setting sheet. 

.2 For Accuracy Tolerances see chapter 2. 

On receipt thereof the Client shall visually inspect a set of contact rints, for photogra 

t conditions. Fufiher ins eclion or tests, as deeme 



o mapping sheet shall be rejected ecause of inaccuracy of the contours unless t 

derived from at least twenty (26) test points, exceeds the tolerance as laid down in 

paragraph 2.7. Chec points shall be evenly distributed and shall 

of detail. 

The completeness of all topographic detail shall be determine by a thorough ins 

in the field. 

inspection and other tests, the Client res 

t any time, either in t 

suweyor's premises. 

The suweyor shall submit all records as defined in chapter 4. 



The purpose of this survey shall be to provide accurate plans and digital data of completed roads, 

showing all details of construction and to provide a backbone of permanently marked, accurately 

fixed survey beacons for future use. 

The following are recognised as separate phases of the survey and shall e carried out or omitted 

as specified in the general survey requirements for large scale mapping. 

9.2.1 T , being the aerial photo raphy, the processing and supply of the 

negative film, the supply of all contact prints, diapositives and flight plans, as specified. 

See Chapter 5. 

being the establishment of a horizontal and vertical survey network of 

permanent survey stations and the supply of all related records. See Chapter 3. 

9.2.3 T olo @ro I, being all field survey work required for photo control, the 

etail on the photographs, the aerial triangulation an the supply of all related 

records. See Chapter 3. 

, being the photogrammetric or other plotting and digital data recording of all 

ing of the plans, the final checking in the fie1 

2.5 , being the compilation of all t 

from the office of the Surveyor General or other 

sources. The proper preparation and plottin on the plans, inclu 

e necessary and the suppl e related records and 

.l The scale shall own in the survey re 



9.3.3 Angles shall be recorded in sexagesimal measure. 

The width of the strip to be surveyed shall normally cover 250m outside either road reserve 

boundary for surveys of 1 : 2 00 and l : l000 scale. The width of the surveyed strip shalt 

be increased at all interchanges, road junctions and road intersections to cover a radius 

of 500 metres from the intersedion of the centre lines of such structures, unless othe 

specified. 

9.4.1.1 ASetof lans shall be plotted to a scale as laid down in the survey requirements, 

using such photogrammetric instruments and supplementary means as specified. 

Each plan, or a model of the whole project shall also be sup- lied in digital format 

according to the clients requirements, see paragraph 11 .l .13, unless otherwise 

specified. 

efore commencing any plotting operations, the Surveyor shall submit to the 

Client, for his approval, a provisional key plan on a transparent Topo Cadastral 

map, at a minimum scale of 1 : 0, showing the proposed sheet layout. A final 

key plan at a minimum of 1 : 5 , on a transparent Topo Ca astral map, shall 

be submitted at the completion of the survey project, on which the sheets are 

correctly shown. The sheet layout nee not be a separate plan, but may be drawn 

on the working plan. 

all run from left to right in the direction of increasing route and sec- 

tion numbers, unless otherwise specifie 

att, stable base transparent film material of good quality and not less 

than 0,075mm nor more than 0,15mm thick, 841 mm 

ize), shall be used for the final drawing of the survey sheets, 

ith the correspondin 



o-ordinate grids shall be plotte mm. The co-or- 

e for those values 

plans at 1 : 500, 200m for plans at 1 : 1 

The full values shall be indicate along the edges of the sheet. 

erever a change of Lo system occurs, the co-ordinate axes and values of both 

Lo systems shall be shown on the sheet strad ling the meridian at which the 

change of system occurs. 

In addition, at least three adjoining survey points on this sheet shall be given on 

0th Lo systems; both sets of co-ordinates shall be given on the co-ordinate list 

of the relevant plan. 

The balance of the survey shall be completed on the new Lo system, except when 

the survey does not extend more than 15 minutes beyond the adjacent system. 

etail shall not extend beyond the margin of the plan. 

, survey sheets shall overlap the adjoining sheets by not less 

than 50mm, as measured on the plan, if the sheets are lying roughly in the same 

direction. If not, the overlap may be increased so that reasonable continuity is 

maintained. If the 200mm grid interseGCions do not fall in the overlap area it 

necessary to draw three orientation crosses for matching pur 

See paragraph 11.2.3. 

.l .7 The symbois as S ecified in the dra ing specifications, chapter 11, shall be use 

for the survey plans. 

lans and Digital Computer Aided 

checked after completion by the Surve 

e ground is obscured by dense vegetation, contours sh 

spot heights surveyed in the field an own on the plan. 

I be submitted with the final plans. 

es shall be strict1 

ilable from the Gover 



ach sheet shall show: 

(a) All detail as prescribed in paragraph 

(b) Co-ordinate lines and their full values ithout the deduction of any constant. 

(c) Contour values at frequent intervals on the contour. (* every OOmm) and at the 

ends of the contour lines. 

lock according to the clients specifications, showing t e title of the survey, 

the route and section numbers, the na of the Contractor and the date of survey; 

a co-ordinate list of stations and the benchmark reference 

number and elevatio 

(e) All permanent survey stations, no!? direction, photo ground- and aerial 

ngulation control points, any benchmarks and tri beacons which plot within the 

limits of the sheets. 

(9 Ail photo centres. 

(g) Sheets shall be numbered in the irection of increasin route and section 

numbers, unless othe 

(h) Space shall ed for a sheet index on all A0 sheets in the right hand botto 

orking area of the sheet if provision is not alrea y made for this in 

ividual title blocks. 

I f  in exceptional circumstances this cannot be done, the index shall be drawn 

here space allows. The index shall show the sheet in relation to all adjoinin 

sheets and only sheet outlines and numbers need be shown. if separate cadastral 

overlays are necessary, cross referencing in the space provided shall be use 

ey sheets shall show adjoining survey sheets only 



In general, all detail the specified width, including that w ich has resulted from the 

construdion of the road, pecial regard to drainage and services, shall be surveyed and plotted 

ns of the road shall be use to support the annotation process; 

including: 

elre vertical intervals, unless othe 

heights wherever the contours are insufficient to portray ground shapes faithfully; frequent 

spot heights, rounded off to one decimal of a metre, on such features as roads, railways 

and bridges, etc., where elevations may be necessary for engineering design; in particular, 

spot heights shall appear on all bri ge decks, culverts and at least at 1 0 metre intervals 

on railway tracks and major roads). 

Enough heights shall appear on the plans to enable a reliable longitudinal profile of the road 

. The determination of the roa s horizontal and vertical alignments can be 

requested by the client. 

ivers, streams, springs, canals, dams, pans, marshes and areas subject to tidal flooding 

(requiring additional spot heights), etc; the names, if any, of such features and the 

where applicable shall e indicated on the plans. 

n flood levels of main strea S as near as can be determi 

ence or information. T e source of such information and t 

all be indicated on t 

ly levels of dams. 

ush, shrub, plantations, orchards, avenues, 

ith the outlines of such areas correctly shown. 



oads, footpaths and tracks, dieerentiating bet een bifumen, concrete, paved and gravel 

surfaces, indicatin status and number of the road and the measured width of the surfaced 

top with destinations at both ends of t  

ridge number) and culverts an their detail regarding the number, 

, relating to those structures hich are situated on or 

have a bearing on the drainage thereof. 

levations on the centre line of the the intersections of road 

as invert levels of culverts, 

survey methods, or as othewise spe 

The deck of every numbered bridge shall be accurately levelled and plotted on I: 

expansion joints of the to obtain the outline. 

between types of constructi stating their function other 

S, e.g. store, school, etc. and a 

ational monuments an S or structures of historical interest, indicating names. 

er and telephone lines and carrier routes, showin ividual poles and pylons. 

services, such as pi les and other features, the position of 

shall be investigate , researched and 

Gates and fences, oundary, stockproof, verminproof an 

fences. All acces 



.5.21 Cuttings, em ankments, quarries, borrow its, tunnels, mine workings. 

Cemeteries and solitary 

ock outcrops, loose boulders and bedrock. 

The revised Sout African Road Sign Manual shall be used as reference to this para 

All pemanently place and approved road signs, e.g. top, Yield, Route Information signs, 

etc. shall be indicated on the plans by a blac posaional dot connected by a short blac 

to an ellipse outside detailed survey area in which the relevant reference fort 

is indicated (See page 11.27 of the symbol list). 

5.25 Wherever a surveyed feature of whatever nature, but in particular those listed under 

paragraphs 9.5.5 and 9.5. above, is contained within well define outlines, these outlines 

shall be shown in their true shape with the correct symbol. 

The survey shall show all topography and manmade structures, the plotting of which is 

consistent with the scale of the plans, with the provision that in respect of such areas as 

up townships, industrial or mining sites, etc. e obtained for the 

omission of detail whic is considered to be irrelevant. 

e Scale Mapping, 

or tolerance errors see 



e purpose of this survey shall be to provide accurate small and large scales ortho 

for design and piannin 

The following are recognised as separate phases of the survey, to be carrie out or omitted, as 

specified in the Survey Requirements. 

, being the aerial photography, the processing and supply of the 

negative film, all negatives, contact prints, diapositives and flight plans as required. See 

Chapter 5. The photo scale shall epend on the final scale of the orlhophoto. 

trol, being all field survey work required for the esta 

photo ground control points, the annotation of detail on the photo raphs, the aerial 

ulation and the supply of all related records. ee chapter 3 or paragraph 7. 

scale orthophoto's. 

hotogrammetric process to 

10.2. e, being the collection of all cadastral boundaries an 

designations from the office of the Surveyor General or other sources. 

and plotting, or overla ereof, on the ortho 

as may be necessary 

all be indicated on a set of photo 



.l The layout of the final map sheets shall be planned so as to allow as far as possible for 

three parallel strips to be plotted per map sheet. efore commencing with the preparation 

of the orthophotos the contractor shall submit for approval a provisional key plan on 

transparent material to a scale of 1 :5 ing the proposed layout of the sheets. 

The plan shall show major features such as rivers, towns, roads, railways and interchanges 

within the area to be mapped. A final key plan on transparent aterial, on which the final 

sheets are shown, shall be submitted on corn 

shall be supplied ith each map sheet: 

hot0 map sheet as a composite, screened transparency, 

laterally reversed on the emulsion side and comprising one or more road 

strips. 

The Digital Elevation Model (D the raw observations and 

rigid grid on stiffy or compact disc in a format as specified b 

The following detail shall be sho 

A title block according to the clients specification, showin 

survey, the sheet number, scale an co-ordinate list of 

vey stations. 

and data boxes, in accordance 

specifications, shall be drawn along the boMom of each sheet with one of 

Grid lines, in acco uirements set out in para 



(e) Contours at 2 metre vertical intervals, with s ot heights on isolated 

features, unless othe . Contour values shall be given at not 

(f) All permanent survey stations, benchmarks an trig beacons which plot 

within the limits of the survey strip. 

(g) The north direction for each survey strip. The layout of each stri 

to right in the direction of increasin route and section 

(h) The positions, names and descriptions of annotated detail, in accordance 

with paragraph 10.4.7. belo 

The map shall be printed on a matt surfaced, ositive film, laterally reversed so that direct 

emulsion to emulsion printing is possible. The film S roximately 0, l mm thick. 

rid lines shall be lotted accurately alon the length of the survey 

shall be at a spacing of 200mm. At [east two axes shall be 

e strip and the spacing shall 

necessary to achieve this. The full 

any constant, are to be indicate along the edge o 

herever a survey crosses fro 

ion to another, the plotting ma on the first bo syste 

across the meridian dividing the t 

ropriate Lo syste 



o overlap between strips is required if the roa strips are lying roughly 

in the same direction; if not, the overlap shall be not less t 

that reasonable continuity is maintained. In the overlap a 

grid spacing shall be reduced to 10 mm and only crosses shall be drawn 

at the intersection of the e ra grid lines. At least three crosses shall fall 

in the overlap area and shall be specifically dra n for matching purposes 

if necessary. 

The features listed belo shall be annotate and described on the final orth 

tion of a feature shall be positioned to clearly indi 

feature is large enou h to be clearly visible on the final orlhophoto, such as large rivers, 

dams, etc., the name of the feature need only be given: 

ower and telephone lines to be shown as symbols, not individual 

e correct position of the line as 

Underground services, such as pi cables, the position of W 

be ascertained from surface indications or the responsible authorities. The 

positions of approved, but not yet constructed wayleaves, shall be o 

indicated on the plans, usin relevant symbols. 

articular aMention shall be given to fences 

oundaries and roa uilt up areas intemat fences may 

be omitted. 

S, canals, borehol 

estination of all roads an 



le note in an area of extensive rock outcrops. 

See Large Scale pping Specifications, para , or Small Scale Mapping 

nding on the final oflhophoto scale. 

See Large Scale Map pecifications, paragraph 

The contractor shall submit all the relevant rec s as specified in chapter 4, toge 

material that was used to produce the final orth to maps. (See paragraph 10.4.1 



In the case of manual fairdrawings, I S 0  size pens an stencils shall be used. 

LeHering shall be done so that it may be read from the bottom or the bottom right 

and corner of the plan. 

draughting symbols shall e used, unless othemise specified. See 

es 71-13 to 11-3 

, a minimum overlap of 50mm shall be provided 

between adjoining plans. The detail on the overlaps shall be identical to each 

other. See para-graphs 8.4.1. 

The north direction sign shall be rawn in a prominent position on each plan. 

The co-ordinates of all permanent survey stations appearing on the 

listed on the plans as indicated by the client. 

11 .1 .7 The level datum shall be noted in the space provi ed for in the co-ordinate list 

11.1. y the client, a bar scale sha 

a of the sheet, the 

ated in millimetres er in multiples of I cm. 

sheets. 



The size of the sheet shall be based on the A0 size and be prepared acca 

ing to the Suwey Requirements, or as specified by the client. 

The draughting space shall be utilise to the maximum, unless 

. The sheet layout shall be from lefl to right, 

in the direction of increasing route and section num 

Before any final draughting commences the surveyor shall submit: 

to the Client a sheet layout on a key plan to a minimum scale of 

1 :50 000 for approval. Plan numbers shall be allocated by the 

shall be entered on the final key 

spaces by the contractor. The final key plan forms part of the 

working plan. See paragraph 4. 

All towns, major roads, rail ays and rivers falling in t 

area, as well as the proposed outlines of the sheets 

. See paragraph 4. 

h the specifications of the client. 



vels, colours, pen sizes and symbols to ensure e 

sign and Geographic Information Systems (GIS). 

To minimize editing, all line types and symbols shall 

to be presented in different colours and levels, before the 

Configuration data as specified for the compilation of 

shall be available from the client. 

As an example General onfiguration Standards for the 

compilation of digital maps in Microstation format using Usmart 

software with respect to the raughting standards as set out in 

this manual, is available on page 11.39 to 11.47. 

11 2.1 A co-ordinate grid shall appear on each plan. The grid lines shall be plotted 2 

rawn across the plan using a 0,25mm pen (solitary crosses at the intersections are 

not acceptable). 

ull co-ordinate values shall be indicated at both ends of the grid lines; a 2, 

,25mm pen shall be used. 

11.2.3 Unless otherwise specifie , a minimum of three gri intersections shall appear in the 

overlap area of adjoini ise orientation crosses of 1 

rovided in the overlap 

hen an additional grid outside the mapped area is added to facilitate the 

cadastral data, only grid intersection crosses shall be plotted an 

length of 40mm. Where t ese grid lines intersect the erirneler of the draughting area it 

shall be indicated by a line inate values prefixe 

ropriate SunreylLo system s 



- - 

Plan Scale Gri Interval (Metric) 

1:lO 20 metres 

1 :200 Q metres 

1500 100 metres 

1 :l000 200 metres 

1 :2000 

All grid lines shall meet the folio ing conditions an 

a) rid lines the measure grid difference must be within 

,3mm accuracy. 

b) Over a distance of one metre the measured distance must be within the ,3mm 

accuracy with the grid or calculated distance. 

The draughting shall be of a high quality and all hall be neat, of a uniform standa 

and opaque throughout. Lines shall be unifor th and all annotation s 

me dot shall indicate the position an the decimal in the elevation. 

.l Contours shall 

cified contour internal, 



above Mean Sea Level (MSL). The intermediate contours shall be drawn to a thickness 

ith only the last two digits of their value sho 

11 5 . 3  Contour values shall be 2.0mm letter size and 

Contour values shall appear at both ends of each contour and at intervals of I 400mm 

along the contour. See paragraph l 1  .l 0.1. 

All concreted pegs shall be indicated by two concentric circles of 2,Omm 

and 3,Omm diameter respectively. 

11.6.1.2 irectional arrows shall e drawn between consecutive traverse stations. 

of these arrows shall be 15mm. 

The number shall be indicated within a circle of 25mm diameter placed in 

a convenient position and joined to the beacon usin 

ber shall correspond to that of the inscription on the aluminium 

plate, marking the urvey beacon in the fie1 and be indicated with a 

5mm pen and 2,5m 

The elevation of permanent survey stations shall be given to three decimal 

places. 

11.6.1. Level Photo Control 

triangulation co-ordina en co-ordinates are not 

available. 

Level control points shall 

The circle shall I for the elevatio 

oint placed above the circle. 



- 

11.6.1. The elevation shall be roun o decimal places. 

11.6.1.10 The point number and elevation shall be indicated using a 

size and 0.35mrn pen. 

The Photo Control Points C's) shall be indicated by a 2,5mrn diameter 

circle with a horizontal a a vertical diametric line. The elevation and 

numbering shall be as laid down in paragraphs 11.6.1.9 an 

11.6.2.1 Aerial triangulate points shall be indicated by a circle of 2, 

11.6.2. The elevation and num ering shall be as laid do 

elevation shall be indicated using a 

2Smm letter size. 

Tie points shall be shown as aerial triangulated points except that the 

number shall be prece 

Photo centres shall be indicated mm diameter, using a 

,35mm pen. 

11. The number shall be written parallel to the direction of the strip using a 

3,5mm letter size. The strip num to the left of the 

cross, and the exposure num 

ith lines 15rnm long t 

irection of flight 



Sizes of symbols shall e shown to scale 

laid down in these specifications. 

Letter sizes are indicated next to each symbol on the list of symbols. 

Letter sizes shall be as laid down in these specifications with a minimum 

All general annotation shall be done with a 0,35mm pen and 2,5mm letter 

size. 

Line thicknesses are indicated next. to each symbol on the list of symbols. 

. All lettering shall be upright; only capital letters and numerals shall 

in the case of grap 

e large and small scale survey specifications for detail to be shown on the final 

plans. 

olyester base drau 

specifications, unless 



Status and number of all classified roads shall be sho 

11.8.1.2 ames of streets shall be shown as indicated on the General Plan of the 

township or as determined by field annotation. 

estinations shall be stated at the ends of each road on all 

The number and name of the bridge, i.e. ridge, shall be shown (this 

be obtained from the Client if a number is not isplayed on the bridge 

structure) including number of spans and horizontal and vertical dimensions, e. 

0, ie. number of openings/horizontal Vertical dimension. 

ise specified culverts shall y a number and the relevant details 

le on each sheet, 

or diameter of each culvert as well as in ined by ground survey methods or 

ox culverts indicating the num s and horizontal and ve~ ica l  

dimensions: 2/400 

11. ail 



If not Spoornet, state the ownership 

Telephone poles shall not be connected by a continuous line, 

means of lines on either side of the symbol circles. 

r Lin 

The appropriate symbol shall be used, i.e. power poles shall be 

y means of a continuous line an the zigzag pattern 

inserted approximately ha1 ay between the power poles or 

pitons. 

Only straight lines (hatching) shall be used to indicate the symbol for all cuts and fills. Lines shall 

not be thickened at the top. 

Contour values shall e read from the bottom or right han 

plan. They shall be placed approxi 

atercourses in the ero the appropriate symbol 



All buildings shall be shown to actual shape and size and permanent buildings 

shali be hatched. Only buildings such as schools, police stations, sho 

flats, offices, garages, hospitals, etc. shall be described according to function. 

omestic buildings shall not bear a description. 

11.11. eci Lu r 

The names of important features shall be shown. 

1 .l 

11.12.1 For completion suweys the positions of all road signs sh indicated with a 

black dot, connected by a shorl black line to an ellipse 

indicated. See 

11.12.2 For all other surveys the road signs shall e indicated as sh 

Only perennial crops shall 

e case of orcha 



olisation of cadastral boun 

ifferent features and scales, as given in the list of symbols in this 

iptions shall be given exactly as they a pear on the title deeds. 

e as given in the list of sym 01s and may be adjuste 

very small areas covered by a propefiy, e less than 5mm in size. 

Cadastral farm boundaries shall be highlighted according to the requirements of 

the Client. 

Information relating to existing proclamations sh enever available, be in- 

dicated on the plans and symbolised in accordance 

oundary lines shall be solid here they coincide with boundary lines of 

registered properties, in all other cases they shall be broken lines. The road 

reserve beacon point numbers shall be iven exactly as they appear on the 

proclamation. 

roclamation number, relevant Gazette number and date shall be indicated 

on each sheet in an obvious place. 

The title block layout an e obtained from the client. 

tio 

ents of the client shall 

ear on all sheets. 



The surveyor shall submit the first completed s eet together with the relevant CA 

approval before commencing ith the remainder of the survey draughting. 

All plans shall be checked thoroughly by the surveyor after completion. All 

mitted in a neat and clean condilion. amaged, folded or soiled plans will 

All records of field and office checks shall be submitted ith the final plans. 

For Computer Aided Draughting (CAD) and draughting symbols see pages 1 1-1 3 to 1 1-3 
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The purpose of this survey shall be to establish survey points, both temporary and permanent on 

re-calculated positions in the field, an to obtain sufficient field data for the complete geometric 

n before construction. 

The following are recognised as separate phases of the survey and shall be carried out or omitted 

uirements for staking. 

42.2.1 , being the establishment of a horizontal and vertical survey net 

permanent survey beacons and the supply of all related records in cases where no 

permanent survey beacons during previous suweys. See Chapter 3. 

being the establishing and fixin ints and alignment interme- 

diate points on terrain eit 

rencing staking methods. 

being the field su work required to determine the 

producing of long- and cross- sections. 

, being the edraction an 

being the final checking of all information an ply of all related reco 



It is essential that the Surveyor confirm of staking is required an 

cross-sections are require efore starting the staking. 

For cross-sections without staking see chapter 13 (Digital Terrain Models). 

The standard staking interval shall be 2 m, or 10rn in the case of curves with radii 

e value of any point shall be reco 

plied by the Client. 

All provisions of cha er 3 are applicable. 

The centre line inter 

fro 



Steel pegs of a minimum diameter of 1 

mm shall be used for all key points (pa 

all other peg information refer to paragra 

egs for key points shall be firmly fi 

have a minimum dia 

more than 5mm of the peg to protrude he surface of the concrete, 

unless othewise specifie efer to paragraph 3.2.1. for strength of con- 

crete and paragraph 12.9 for numbering and lettering. 

ey points shall not be used for survey purposes until the concrete has 

set. 

Key points specified in paragraph .I shall be marke 

iate points shall be suitably d to facilitate the measurin 

of the cross-sections. 



12.5.2.3 reverse levelling shall not be carrie out simultaneously with 

one instrument, even if two diEerent sta 

12.5.2. hen using a conventional field book the final elevations of all stake 

TC's, etc., shall be entere 

of intermediate points in encil. All reference peg elevations shall be 

shown in red ink in the level book. 

1 of intermediate points do not need to be levelled, but can 

by tacheometric methods. 

12.5. ifierenws of more than en the top of the peg an 

in the technicai report. 

Cross-sections shall be taken at 2 m intervals perpendicular to the staked line and shall 

idth, unless othewise S 

Long-sections shall be erived from the cross-section measurement 

I measurements taken on the centreline at features and chan 

ke values recorde 



ailway tracks (both rails). 

Road intersections (both edges) 

Power and telephone lines (lowest wire). Elevations of the lowest wire 

shall be determined at the centre line and both shoulder break 

. See Annexure 11. 

hts of power lines shall not 

rature at time of measu 

shown on the longit 

hen the staked line ties into an existing roa , levels shall be taken along 

the centre line of the existing road at 20m intervals for at least 20 

beyond the staking. On inor accesses these levels shall be taken for 

the staking, unless otherwise instructed. 

hich is incorrect, or a feature that does not a 

staked line, shall 

survey plan. 

All provisions of paragraphs 12.1 to 12. 

rpendicular to the centre line. All 

rection from the centre line, e. 

ation listed in para shall relate to the centreline. 

rovisions of the previous s in this chapter are ap 



As a rule reference pegs shall be placed at 15m or 2 m on either side of 

the centre line (depending on the width of the road reserve) and normal 

to the centre line (i.e. at 90" to the tangent at the centre lin 

egs shall be placed re least likely to be dist 

12.8.1.2 urveyor shall liaise with the Client to ensure that reference pegs are 

placed clear of any 

TC's and multiples of a 10 

Short curves under 200m in length - C's, EC's, etc as 

nearest to the centre of the curve which shall be an intermediate keypoint. 

uired true position in relation to the 

The distance from the centre line of each reference pe II be noted in the level book 

riate stake value. 

12. egs indicating the position of the ail be numbered an 

on-corrosive met 

ced in a tarmac or similar 

surFace. 



in the case of reference (right reference) or L (le reference) and the 

offset distance S 

oints referred to in paragraph 12.5.1 shall be fixed to an accuracy of not 

less than that specified in paragra h 2.3.2., and may not be more than 2Omm off 

their true position. 

m intermediate staked points shall not differ from their required 

true position by more than Omm, unless otherwise specifie 

The distance between any o consecutive pegs must be within the accuracy of 

In the case of curves, the closing error shall not excee . Any error smaller 

01 must be adjuste ro-rata over the length of the curve. 

error on curves exceeds 1 :5 O e shall be re-staked so that the accuracy 

and subsequent1 ro-rate over the curve len 

, the elevation of the permanent survey 

control the levels of the staked ke 

t stipulated for the b 



12.11.1.3 Each sheet shall start orl an even kilo etre distance and there 

shall be no overlap oining longitudinal sections. 

12.11 .l. line ties into an existing road alignment the profile 

shall be extended in accordance with the levels referred to in 

The stake values and elevations o f t  

shall be shown on the ton 

Culvert dimensions and invert levels (i.e. inside bottom). 

ay tracks (both rails). 

Intersecting road (both si 

lephone lines, lowest line ( 

Cross-sections shall be arallel to the horizontal edge of 

the stake value shall increase from the 

entre line of stakin 



T 

F 

FC 

T 

F 

CS 

E 

F 

TL 

L 

K 

C 

G 

EC 

TC 

ETC 

SV 

Top of cut of existing road 

Foot (toe) of fill of existing road 

Foot (toe) of cut of existing road 

Top of bank (natural feature, river, donga, etc) 

Foot of bank (natural feature, river, donga, etc) 

Centre of stream 

Edge of water 

Fence 

Right reference peg 

Left reference peg 

Telephone line 

Power line 

Ke r 

Channel 

Gutter 

Guardrail 

eginning of curve 

End of curve 

eginning of transition curve 

End of transition curve 

Stake Value 

ith features such as dongas, erosion, drains, etc. where the 

anks become self evi the shape of the profile, only the 

to be annotated. 

by the Client. 



- - 

ed necessary, the iron standard or iron 

edded in a symmetrical block of concrete. hen the boundary 

in soft or sand ground the length of the iron standard or iron 

increased suficient to ensure the stability and permanance of the boundary 

beacon. 

hen a post of an existing fence falls on bending point, it may be a 

boundary beacon. 

12.1 here the road reserve oundary crosses a fenc astral boundary in rural 

pen'-urban areas, wooden stakes sh 

the centre line of the road to demarcate 

ere the road reserve boundary crosses a cadastral boundary, t 

12.12.5 Care shall be taken to ensure that the kes are placed at the correct 

distance from the centre line, i.e. the serve as line boun ary beacons for the road 

reserve boundary. 

12.13.1 In all cases of staking, whether completed longitudinal sections are re 

client or not, a corn ort is to be submitte 

letter, stating all rele as Job title, File number, Contract number, 

12.13. file of all relevant c 



Q, an A4 extract of the 1 :5 00 sheets, showing the locality of the job. 

o or more sheets should be used in the case of very Ion sections of road. 

0, the co-ordinate list or centreline calculations, therealrter other data type 

to the end of the file. 

For example, a list of co-ordinates of all basic survey beacons, traverse and 

co-ordinate calculations (with reference to field book and age number for ob- 

as underlaken as part of the staking contract. These 

would be centre line calculations, list of centre line heights, list of reference point 

et distances, list of culvert invert levels, stake values and any other 

relevant or special require ents such as bridge deck start and end distances an 

elevations, power line elevations, etc. 

Thermal paper printouts will not be acceptable. Good quality non gloss photostatic 

copies (punched for filing in the required manner) shall be su mitted, according to 

the requirements of the client and filed in the 

Field books used shall be of a ty prescribed by the Client and shall not have 

removable pages. See paragrap 

ere electronic dal 

the specifications f ~ r  th 



end of symbols used. See 

12.1 1.2.3 for examples. 

ition, a diskette, ith data stored acc ing to the clients s 

raughting, shall be submilt 



The purpose of this survey is to represent the original ground line as accurately as possible and to 

produce a comprehensive topographical strip survey from which an accurate horizontal and ver&ical 

alignment can be derive for design purposes. This ill obviate the necessity for staking, 

and cross-sectioning along the proposed alignment durin 

seging out will only take place immediately prior to construction. Fur&he 

ill also be used to accurately uantify volumes during construction. 

The survey shall include the following phases: 

13.2.1 ; see chapters 2 and 3. 

113.2.3 tisns (after submission of the igital Terrain Model ( 

Conventional survey, photogrammetric or Global Positioning System (G 

ill process the data in the 

all ensure that the inst ment used in the surve 

The surveyed data shall 

n elements. Once 

(b) accurately calculate volu earthworks for estimation pu 



(c) accurately calculate volu aterials for estimation pur 

This entails the esta ishment of a network of permanent survey beacons, premarked for 

aerial surveys, plac le locations, for the ultimate setting out o f t  

orks. See chapter 3. 

anent survey beacons shall be intewisi le and the distance etween beacons 

eacons shall be uilt to the specification as laid down in paragraph 

The suwey beacons shall ational Lo System, unless otherwise specified. 

The standard of accuracy shall comply with that laid do n in paragraph 2.3 " 

ards of Accuracy". 

The elevations of the suwey beacons shall 

Simultaneous reci 

from the client be us tion to use this metho 

shall be made in 

ecifications is su 

of the Client. 



The edges of all existing gravel roads, including the convex or concave 

pe of the road surface and any superelevation. 

es of an asphalt, and/or kerbing (top and bottom in the case of 

ground survey) of all surfaced roads, including the convex or concave 

shape of the road surface an any superelevation. 

The positions and inverts of all side rains (whether lined or not). 

The positions and inverts of all drainage and storm water pipe inlets and 

outlets, even if these exlend beyond the 

er and telephone lines. 

Fences 

Cover, invert and ground levels of all manholes. 

alve chambers of existing 

Top and toe of cut and fill atters and all chan in slope that might have 

an influence on the creatio 

contours. 

accesses to prope 

Any encroachment 

, any feature not liste 



13.5.1.1 ht have an influence on the creation of a Digital 

eight Model. 

13.5.2 The detail may be surveyed y any suitable method with the provision that the require 

tolerances, are met. 

oint of detail shall be fixed in Y, X and feature description. 

sity of surveyed and e sufficient to enable cross-sections 

nerated from the 

asphalt 100mm 25mm 150mm 150mm 

Storm water pipes 100mm 150mm 

Gravel roads: 100mm 50mm 200mm 

General topogra hic data etc.: (normal tacheometric stan 

ese tolerances are the eviation (i.e. +/- value) 

ictate the survey 

(c) The tolerances a arl of the feature and not to the actual spots on W 

be necessary to suwey the 



that accurate contours can 

of the surveyed 

grammetrically shall permit interpolation to 0,5 metre intervals. (ie. YXZ points along 

photogrammetric contours shall not as surveyed points for interpolation 

purposes.) 

(f) All features required for detail, but not required for the TM, shall be isolate 

o phases of the igital Terrain Model ( TM) survey are CO 

supplied, the Client shall indimte the positions at, and extent to which cross-sections shall 

e taken to check the DTM. The number of cross-sections may vary between two and five 

er kilometre, depending on the terrain. 

The position of the check cross-section surveye in the field, shall not differ b 

2 metres from the position as in icated by the client and new Y, X, and Z co-ordinates shall 

easons for shifting the position shall be clearly state 

check cross-sections s against a digitally derive 

13.7.1 The following records sh letion of the task: (See cha 

etailed survey plans nor 

arate data file o f t  ose points surveye 



cross-sections, fie! books and annotate lots of the cross- 

sections. 



: The recommendations given in this chapter shoul e viewed only as a guide to 

practice. 

The extent of each site survey shall be etermined in consultation with the client. 

The purpose of the survey is to provide lans showing contours and other topogra 

the site as well as relevant Ion ional and cross-section ertaining to roads or 

structures, and to establish accurately fixed 

permanent survey stations for fut f the structure, control of construction and 

subsequent monitoring. 

, being the establish ent and survey of the horizontal and vertical position 

ermanent survey stations in selected positions ithin the site area. 

, being the survey of all natural and man-made features which may have 

an impact on the siting of the 

e ground survey required to deter 

nation of long- and 

contours for the preparation of 



o ~ a n t  to note that the accuracy of vertical setting out o f t  

d structure depen S on the permanen fal l  the survey pegs. 

At least four permanent survey stations shall e placed in selected positions 

ithin every site suwey area to ensure proper control of the settin 

construction. The survey stations shall be mutually visi le and tied into the 

ational Triangulation ne 

are shall be taken to ensure that survey stations are 

shoulders and drains, an as far as possible outsi e lands. S u m y  stations 

shall not be placed closer th m from the centre line of the pro 

road. 

It is important that at least four of the permanent suwey stations, two on each 

, remain functional after completion of the construction so 

that they can be used as references for monitoring the deflections of the 

structure, as part of rogramme. Care must 

exercised in selecting t tions to ensure their sta and safety from 

being disturbed during, construction. It is recommende 

survey stations be plac m from the centre line of the road, 

preferably no furt 

The appropriate sections of Chapter 1 

regarding procedure, 

o-or 

points, reference 



the standards of accuracy S in Chapter 2. The 

e listed on the su y plan in the CO- ordinate list block. 

The horizontal control and verlical datum to be used depends on whether or not large scale 

plans covering the are of the site exist. In either case the co-ordinate system and 

ell as the vertical datum and its ori in must be stated on the survey plan. 

e scale plans exist, the co-ordinate system as well as the height 

datum of the existing plans must be a opted for the bridge site survey. 

e scale plans exist, the survey shall be 

System. If L.o System co-ordinates are not readily a 

arbitrary system m after obtaining ap roval from the client (see 

paragraph 2.2). 

bridge terrain, inslruc- 



.l All natural an man made features which may have an impact on the siting of the bridge 

(including the selection of the final position of the abutments and piers) an 

in the case of an interchange, an on the engineering requirements of the bridge 

constnrction, as well as information which ct the bridge and the road approaches 

shall be surveyed. The survey s ing information, as a 

I intewals on a scale of 1 :5 

entary spot heights w erever the contours are unable 

hapes faithfully. Frequent spot heights shall be given on 

features such as roads, rail ridges, etc where elevations may be 

neces-sary for engineerin design. Tacheometric S 

on all changes of slope, on top of rid es and in the bottom of valleys. See 

ositions of survey stations. 

ivers, streams, sprin ans, marshes and areas su 

tidaf flooding togethe and direction of flo 

S, as near as can 

The source of such information the specific point an 

icated on the plan. 

arks of rivers, strea 

etc. 

hard or continuous 



Other services such as sewer, storm 

oad levels. 

Cuttings and banks (road and rail). 

.l. 17 Fences and property beacons. 

Culvert dimension shall be given. 

atural drainage and drainage improvements. 

Structures affected by planning. 

xisting access to adjoinin 

foundation test hoies 



detail on existin y the planned con- 

struction. 

Drainage and irrigation furrows. 

ual buildings, differentiating between ly  of construction, and sta- 

eneral use of the buil ings other than d 

S or structures of historical interest. 

telephone lines, s Ions in their sur- 

veyed positions. 

pipe lines, cables and other burie services the positions of 

from local authorities and surFace indications, e. 

arkers, etc, if such services 

construction. 

Other services e. . signal cables, tele 

between ordinary, stoc roof, jackalproof, 

security fences, etc. 

tone, brick or any other type of 

ilometre markers. 

uarries, tunnels, 



- 

ply cadastral infor here such data can be omitted 

etrimental effect, approval shall be o ained from the client. 

.4.1.40 Angle of intersection between roads. 

le of intersection between roa rail centre lines. 

ail kilometre value of point of intersection. 

Rail kilometre value of existing level crossings. 

SufFicient information to determine radii of road and rail curves. 

etre and grade posts. 

Kilometre distance along road an 

Turnouts. 

nais. 

telegraph routes. 

erline routes. 



ith leading dimensions in respect of formation 

and distance between carriage ays and between railway lines. 

2 . 1  7 Position of overhead electric gantries and masts on railway lines. 

osition of cross-overs an 

raphy and man-made stnrciures, the 

the scale of the plan, shall e included. In the case of 

industrial or mining sites, etc, written ap 

hich is considere to be irrelevant. 

The site plan shall contain the localit 

and the survey plan. 

n as an inset on 

All relevant detail as Ion 

the site from any direction S 

I point of the plan. 

ction of true norZh oriente 



xisting, proclaimed and st ked roads and railway lines ith their numbers 

ivers, streams and dams, showing the directions of ow together with names 

if applicable. 

ns and railway stations. 

names of interchanges. 

Kilometre distances at regular intervals. 

istance to nearest residential centres if such centres are not shown on the 

sketch. 

The survey plan shall be an accurately dra n plan of the site showing details 

Any required sta before the survey is 

ropriate information is a 

ents listed in para 

be given: 



(a) An indication of true orth and the scale. 

(b) Co-ordinates in a co-ordinate list block. 

road(s) with destinations in each direction. 

(d) Any existing staked line inch stake value of crossing point(s) and 

The survey plan sh so that the stake vaiues or kilo 

crossing the proposed road, left S abutment of the 

ridge when lookin in the direction of the increasing kilometre 

istances of the propose 

The longitudinal sections along the roa centre lines are required for the 

proper vertical alignment of the structure. 

A section is required along t e centre line of eac 

existing) involve in the bridge crossing. For 

the centre line of each carri 

itudinal sections shall cover distance of at least 3 

distances. 

the section relati 



P- 

(a) Stake values and the levels at staked line pegs. 

(b) Levels at slope changes. 

ata in respect of the vertical and horizontal alignment of the 

proposed road, if available. 

numbers and destinations. 

osition of any existing structures including rainage pipes and 

services. 

(a) Levels taken on the road centre line together with the corresponding 

istances or stake value, if availa 

(b) Geometric data in respect of the vertical and horizontal align 

road, if available. 

osition of existin 

services. 



The format of presentation shall either handdrawn, computer plotted or in 

ropriate digital form, depend uirment of the client. 

The site plan shall contain the locality sketch, unless othe ise indicated, and 

The locality sketch shall be sho n as an inset on the site plan. In addition to 

the required information listed for road over road bridges (see paragraph 

.l, the position and size of existing structures within 3 km upstream 

stream from the pro osed strudure shall 

ion of each structure. Generally, it is not 

structures on either side. 

uirements as liste 

inal sections along the ro d centre lines are required for the 

ent of the structure. 

inaf sections shall co e requirements as listed in 

ction along the centre line of 

imate dates of floo 

ter, if close to the sea. 



Cross-sections alon Centre lines shall comply with the require- 

ments as listed in paragrap ith the exception that it shall be taken 

at regular intewals of 2 m over the full length of the longitudinal sections as 

efined in paragraph 14.5. 

inimum of three cross-sections of the river, taken perpendicular to the 

ireclion of river flow, shall be surveyed n as required for the 

ining the natural design flo vel. The number, positions 

and extent of the sections shall be as specified by the client and shall be 

agreed upon before the survey is unde~aken. 

at of presentation shall either be handdrawn, corn 

appropriate digital fo ross-sections shall be shown with t 

of the cross-section he approach side at the smallest stake value of the 

ge, irrespective the direction of the river longsection (see para 

.2.5). A scale of 1 :l 

ositions of the cross-sections shall 

e centre line of the river 



The site plan shall contain the locality sketch, unless othemise indica-ted, and 

The locality sketch sh S an inset on the site plan. The infor- 

mation to be shown sh e taken as listed for road crossings (see paragraph 

.l .l .l). The rail kilometres of the crossing point shall also 

lan shall comply uirements as liste 

xcept that it shall ext either side and 1 

structure, or as othe ition, the survey shall 

also cover a st 0 m to either side of the centre line of the road whic 

istance shall be 

suwey shall also inch 

S andlor natural atercourses as su 

ith destinations in each direction. 

ndlor centre lines includi 

al sedions shall co e requirements as liste 



m on each side of the bridge an that this long section shall extend a 

sufficient distance on each side of the structure to cover the full e 

proposed approach embankments to the brid 

on the one side to original road level on the other side). However, the exact 

length shall be confirme 

In addition to paragraph 1 .5.1.2 the section along the centre line of a 

proposed or existing road shall also show the rail kilometre 

levels on both rails at the crossing 

The requirements of the ap riate railway authority for the longitudinal 

section along the road centre line must also be met. 

Gross-sections along the road centre lines shall comply with the requi-rements 

ion that it shall be taken at 

regular intervals of 20m over the full length of the longitudinal 

sections as defined in 

itudinal section is re the centre line of 

m on either side of the propose 

with the client. 

form and the sections shall 

(a) Levels on to 

distances. 



(b) Formation levels and approximate original round levels at 'l 

tervals. 

(c) Geometric data in respect of the vertical and horizontal alignment o f t  

rail track. if available. 

(d) The crossing point of the rail and road centre lines. 

position of existing structures inclu ing rail drainage 

The requirements of the appropriate raiiway authority for the longitudinal 

section along the rail must also be satisfied. 

in the case of the idening of an existing structure, the extent of the survey depends on 

the nature of the envisaged works. It is therefore important that the exact scope of the 

survey and the requirements for the drawin s be agreed with the client. 

plan shall contain the lo M y  sketch, unless othe 

s an inset on the site 



ition to these requirements, the leading dimensions of the 

existing structure S 

The longitudinal section along the centreline or slake line of the overpassing 

shall comply with the requirements for the corresponding crossing as 

5.1.2, 14.5.2.2 or I 53.2,  as appropri 

In addition to these requirements, t e stake value and level at the be 

end of each span of each deck shall be sho 

The longitudinal section a1 entre line or staked line of the un-der- 

e requirements for the corres 

crossing as listed in para , as appropriate. 

dition to these requirements, the minimum vertical clearance as 

all levels on the soffit pro.file above the centre line or staked line, as the case 

The cross-sections al road centre lines shall corn 

ssing as listed in para 

The cross-sections of the river S with the requirements as liste 

ail be sumeyed an 



(a) Total length of each span of each deck. 

(b) Clear span of each span of each deck. 

idth and length of each support at top and bottom, if possible. 

idth of each footwalk. 

(e) Depth of deck. 

(9 Levels on top of footings, if possi 

(g) Softit levels. 

(h) Roadway levels at regular intervals not exceeding ? m and at each end 

of each span along each edge and centre line of deck. 

levels at supports. 

(j) Asphalt thickness at kerbs at en ans on each edge of dec 

e stmctures the follo ing additional levels an dimensions shall 

all, level of softit below head all and level on top 

outlet. These levels are 

right of structure. 

) lnvert level at inlet and outlet. 

tive positions of 

th of each openin t inlet and outlet, 

e centre line or st 



The survey and drawing requirements for culverts shall be taken as specified for river 

crossings (see paragraph 14.5.2). However, the exact scope of the survey must be agreed 

with the client. 

The requirements of hapters 2 and 12 shall apply to this specification. The folio 

requirements shall also be adhered to: 

In the case of curves, the dosing error shall not exceed 1 5  000. Any error smaller than 

00 must be adjusted pro-rata over the length of the curve. here the error on curves 

exceeds 1 :5 000 the curve shall be re-staked so that the error is less than 1 :5 000 and 

pro-rata over the curve length. 

On straights the pegs may not e more than 20 mm from the designed position. 

The distance be een any two consecutive pegs must be ithin the accuracy 1 :5 00 

hapter 3 paragraph 

ecification. Also take note of 



The purpose of the suwey is to pro uce plans for Quarry sites as re y the inspector of 

mines. 

being the survey of all detail to produce the neccecary plans. 

ata defining the cadastral 

eing the plotting of all detail and the draRing of plans in the for 

by the client and the inspector of mines. 

15.2. being the final eheckin of the quarry suwey in the field and in the office, and 

of all the related records. 

15.3.1.1 Anare m from the perimeter of the quarry is to 

This shall be contoured at 5m inte 

.3.1.2 A further eter of the quarry is to 

eyed. This shall be contoured at 1rn intervals, and lotted at a scale of 

so as to fit on an A 



15.3.3.1 All top0 raphy and man-made structures and detail, hich is consistent with 

the scale of the final plan, shall be suweye 

15.3.4.1 If the quarry was fenced prior to survey, the ositions of corner posts an 

gates shall be surveyed and listed. 

.2 If the quarry is unfence the client shall indicate the approximate posi-tions 

of the proposed corner posts of the fence to be surveyed. 

15.3.4.3 The client will indicate the required area to 

15.3. Steel pegs 1 Ornm diameter and emarcate all corner position 

shall be used. A su stantial cairn of stones shall be place 

and painted with a durable white paint. here a cairn of stones has for some 

reason not been placed over the peg a fencing stan ard is to be driven in next 

to the peg and painted white, to in osition of the peg. 

te L .8  system of 

its expressed in 



The titles and quarry numbers of the drawings as well as the field books an 

file number shall be obtained from the client. 

.3 The co-ordinates of control pegs and corner pegs shall be listed on the drawing in the co- 

ordinate list block. 

The height datum and t e origin of the elevation shall e stated on the drawing. 

.l All records shall be submitted as stated in chapter 

etch - The position of the quarry shall be shown on an A 

po sheet and be binded into the calculation file. 

bers of the relative field books and calculation file shall be listed on the drawin 

After the necessary ch has been performed the calculation files 

be submitted togethe the completed plans. 

For standards of accuracy see chapter 2. 



The purpose of this survey shall be to rovide adequate surveyed infor ation to ensure that the 

road and bridge works, are constructed within the tolerances of the design. The survey system 

shall provide a management tool to the engineer for the evaluation of material quantities, claims 

from the contractor, preparation of payment ce ificates, on site designs checking, setting out 

works, comparison of quantities for quick an effective decision making by the en 

The following are recognised as separate phases of the survey and shall be carried out or omitted 

as specified in the requirements of the contract. 

being the establishment of a planimetric and vertical 

rk of permanent survey beacons and the supply of all related records. The 

permanent survey eacons can either be pillar beacons or normal survey be 

depending on the type of terrain. (See chapter 3). 

to serve as a reference alum for the deter 

quantities. 

hich involves the 

original ground line on computer, to serve as a design m uring the construction 

hase. 

ress of construction 

section, for the evaluatio 

quantities. 

- Evaluation of desi 



esign alterations an additional designs 

- Investigation of design alternatives for cost com 

- Management tool for effective site su 

.l At the beginning of the contract, the upervisory Surveyor shall make himself acquainted 

with the relevant Standard Specification for rks. Parlicuiar attention 

ith measurements and payments. 

isory Surveyor shall make himself a ainted with the contract 

ying information. 

The Supervisory yor shall in co-operat ngineer, evaluate the contractor's 

S to ensure that c ated elements of the roa 

interchanges, structures an ctions, are place 

ust be reached bet een the Supervisory Surveyor's easurement and 

eyor, before any 

asurement shall be 



The client will be responsible for the timely establishment of the construction surve 

positions as allowed by the topography and the desi ut not further than 500m 

beacons can be effectively used for the measuring of works and the breaking down of the survey 

for establishing intermediate survey beacons a 

The establishment of the construction eacons shall be done in accordance 

to the client's requirements and shall be based on the specifications for the 

establishing of permanent reference points as set out in chapter 3. 

Sufficient survey beacons, on which the original design survey was base 

shall be incorporated into the construction beacon survey to determine hori- 

zontal and vertical displacement between the o survey systems. 

linear displacement exceeds mo an 100mm in the horizontal, 

in the vertical, then the matter be referred to the Client for instructions 

in this regard. 

The establishment an nstruction beacons can be undeflaken 

y outside survey fir of the positions and the co- 

ordination of the su 

Engineer shall issue the final co-ordinates and levels of the construction 

beacons to the contractor rior to commencement of any 

tion of the contract shall 

Wdh the establishment of the construction beacons, tyin 

jacent contracts s 

of any constntction bea uring construction activities shall 

ost, except for those 



This procedure does not exempt the Contractor from the requirements of the 

ecifications, and the Land Survey act. (Act 

A Ground line shall be surveyed as a reference lane for the determination of quantities. 

Survey measurements shall be at regular cross section intervals or 

et a true representation of the terrain. A terrain model shall 

method is utilized. Ground line surveys shall be undertaken at all areas affected by the 

construction works and a uantities, for example, quarries, 

orrowpits, spoil areas, ro idgework areas etc. 

This phase involves the merging of the esign (alignment, cross sections, 

und line. All interi 

evaluation of tolerances, and ntities done as the construction 

all be entered into th terim measurements. The interim 

measurements shall be su line and design cross sections, to 

rogress measurements, design tolerances evaluation, and quantit 

determination for payment items. 

y conventional spirit I 

ensional tolerances, progress 

vels for layer checks shall be taken on the 

the commencement of 

hese agreed positions, an all layer checks shall 



ined by means of a spirit level, the normal principles of clo- 

sed level runs shall be a hered too. No circular runs shall however be allo- 

wed. Layer check levels at the positions as agreed upon in paragraph 17. 

shall be taken on the same position in the form of a cross section at 20m 

intervals unless othe . All levels taken to check 

rances shall be taken 

If survey measurements are carried out using tacheometric methods, then 

the positions measured can be taken at random or at agreed cross section 

intervals. If levels are not measured in the same position as the design levels, 

then calculated levels shall be extracted in the same position as the design 

ithin the allowable tolerances, TM observations for layer 

checks shall be restricted to a maximum distance of 100 metres. 

The height of the theodolite may be determined by tape if adequate provision 

is made for the offset error incu by tape measurements. WO 

mination of the level of 

easurements to determine rogress, quantities etc. see 

ed in the format of the rele 

of specification tolerances shall 

All submissions shall be safeguard 

reference to chainage, layer an 

to the relevant CO uter file information. 

A11 phases of the construction 



plan shall be appli ntil normal test metho 

section is tested, 

measurements sh 

The collection of as ata is the responsibility of the su ervisory surveyor. This 

process involves the collection of all alterations to t inal design and the noting of 

these alterations on the co ies of the design lans kept on site. 

.l The survey n of a completion survey involves the updatin 

the layout plans elevant data collected for the 

as built purposes shall form part of the completion plans. If no layout plans 

eometric survey shall 

boundaries, as fence ist, then a tacheometric survey 

shall be underlaken at all areas th the construction 

etail to be surveyed shal 



All survey records during the construction period shall be filed in a orderly manner to 

ensure that infonation on all phases of the contract can be easily extracte 

All survey records shall e continiously saved by a ckup system and safeguarded at an 

ent storage place. This is normall daily transferring electronic surve 

Office of the supervisory firm. 

ecords, for the com letion survey, geometric ali ent and levels for the final layer, shall 

aRer completion of the contract e provided on a computer dis . Clear reference shall be 

made to the format of the data stored on the dis 



Accuracy of Field 

Framework for Tec 

Film Index 

o-ordinate List 

Fieldbook and Calculation reference 

Standard Sheet Sizes 

remarks 

Angle of Skew 

Level requirements on Power Lines 

Level Diagram 

orking Plan 

orking Plan 

Cadastral Key Plan 

Flight Plan 



hen the position of a point is detemined by polars, traverse, triangulation, trilaleration, 610 

PS) or a combination of these methods, the displacement between any observed ray, measured 

distance or Global Positioning S em (GPS) vector and the equivalent quantity derived from the final co- 

ordinates of the point fixed 

sitioning Sytem n the vector derived 

the final co-ordinates and the measured vector after the transformation has been a 

se of a traverse the CO to the misclosure of the traverse, 

total le 



A 

l. TIO 

2. 

me of Organisation that perPor177ed the Sumey) 

.l Locality of the 

.2 Terrain Type 

.3  Size of the Suwey. 

Surveyors Involve 

urvey Methods A 

nforeseen Circumstances. 



5.7 Accuracies Obtained an ecification Tolier 

Survey Projection System and Height Datums. 



JOB Number I FLIGHT PLAN Number 

LOCALITY 

CONTACT SCALE 

FLIGHT PLAN SCALE 



SURVEY RECORDS No SURVEY OF 

SYSTEM L 0  NAME AND HEIGHT OF LEVEL DATUM 

DATE OF SURVEY 

HEIGHT ABOVE 

DATE: 

ame 

ame 



OBSERVATIONS CALCULATIONS 



CUT LINE 







GALVANISED PIPE PAINTED 
RED. WHITE AND 

N 
RED 

WHITE 

LACK 
- -  

2 0 0  mm LONG 
SLEEVE FOR TA 

: I. DRIVE IRON STANDARD INTO G OUND TO ENSURE STA 

IX TO BE 4:3:1 (STONE,SAND,CEMENT) 



L DIMENSIONS IN MILLIMETRES SCALE 1 : 4 
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Abbreviations - general survey and staking 

Accuracies (also see Standards of accuracy) 
- Permanent reference beacons (horizontal) 

- Permanent reference beacons (vefiical) 

m Trianguiation 

- Traverse and polars 

Global Positioning System (G 

etail 
m Contours 

- Sport heights 

- instruments 

- Digital Terrain Model ( 

- Global Positioning Sy 

m hoto control 

- Staking 

- Key points 

- 
- Curves 

- Cadastral 

Aerial film 

ional requirements 
- 
- 
- 
- 

- 
- 
- Course corrections 

- alibration 

- Type 

Filters 
- Operational test 



ulations for large scale m 

Photo control by aeri 

lanning photo ground control for aerial triangulation 

Aerial triangulations - small scale su 

Aerial triangulation photography 

Aerial triangulation supporte 

Aerial triangulation block adjustment 

Angle of skew 

Annotation - oithophotos 

ata - site supervision 

Bar scale 

asic survey records 

eacon construction 

Conical 

illar 

eacon survey for construction - site supervision 

eacon protection - site supervision 

eacons damaged uring construction 

eacons - pillar 

eacons - concrete 

lasting - quarry site surveys 

lock adjustment - Aerial t r im 

oundary Surveys - quarry site 

information - draughtin 

eacon referencin 



- draughting 

- filing 

- records 

- data 

- calculations 

- quarry site surveys 

- general 

Calculation - reference sheet 

- page numbers 

- elevations 

- triangulation and traverse 

- general and cross referencing - records 

Camera - aerial 

Centre line pegs - 
Chainage 

Check levels 

Check cross-sections - 
Checking of mapping suweys 

Checking of draughting 

Co-ordinate list - quarry site surveys 

Co-ordinate list on draughting plans 

Co-ordinate list 

ompletion surveys 

Concrete beacons 

onstruction beacon sunrey - site supervision 

ontour intervals 

Contour values - draughting 

- orthophotos 

, 11.14 

6. 

4.10.5 

4.8, Chapter 6 

6.4 

Annexure 5 

6.4 

4.3 

5.2 

1.6.1 

2.5.2 

11.16 

15.3.5 

3.2.1 



Control vertical - photo ground control 

Control - horizontal photo groun 

Control points - draughting 

Cross referencing of calculations 

Cross-referencing - field books 

Cross-section plotting 

Cross-sections - staking 

Cross-section direction in rivers 

Cross-section of the river - river crossing site surveys 

Cross-section of river - widenin of structures - site survey 

Cross-section along road centre lines - river crossing site surve 

Cross-section - road crossing site surveys 

Cross-section along road - railway crossing site survey 
ross-section along roa - widening structures - site survey 

Cross-sectional profile - widening of structures - site survey 

Culverts - site susvey 

Datum - level datum 

Datum model - quantity determenation 

ecimals for reduced levels 

Destruction of propedy 

Detail requirements for diFferenl brid 

large scale surveys 



raughting requirements - cadastral 

Draughting materials 

raughting sheet layouts 

raughting - CAD information 

TM accuracies 

levels - site supervision 
- site supervision 

- check cross-sections 

- tolerances 

detail survey 

permanent survey control 
- bridge site 

ata - survey records 

Iectronic field books 

levation and cross-sectional profile of the bridge - widenin 

of structures - site survey 

6.6 

11.3.1 

11.1.12 

11.1.13 

11.1 

Chapter 10 

13.5 

13. 

14.3.3 

Features to be surveye 



Field books - conventional 

Field survey - quarfy site 

es of photo control 

Filing method - records 

Vertical 

ixing of key points 

light plan 

eneral - draughting 

- site supewision 



Horizontal control - bridge site su 

orizontal control - pe 

orinontal standard of accu 

Horizontal accuracy - stakin 

instrument accuracies 

measurements during supervision 

iate points - hei 

- bridge site surveys 

Intersections - triangulation 

Bntewicibility of P 



Levels on powerlines 

Line key points - $rid 
Line pegs 

Lo to Lo change for oflhophotos 

crossing site surveys 

- river crossing site survey 

of struclures - site surve 

- railway crossin 

itudinal sections - stakin 

structures - site suwe 

Annexure l l 



etic benchmarks ( 

urnbering permanent suwey 

urnbering - staki 

e check - draughtin 

Orthophoto maps 

eg sizes - staking 

egs - key points 

- surve 

Permanent suwey control 

- Accuracies 

ases of the su 



Photo control - 

- Large scale suweys 

records 

vertical control 

- hoilzontal control 

- accuracies 

- for aerial triangulation - small scale suweys 

hoto ground control 
- Selection on existing phot 

Field sketches 



- quarry site 

- staking 

Quantity determination 

uarry site - boundary suweys 

uarry site surveys 

- staking 

- photography 

- quarry site surveys 

- large scale surveys 

- small scale suweys 



eports - Technical 

- quarry site suweys 

equirements for construction survey - beacons 

equirements (general) - 
esections - triangulation 

iver cross-section direction 

cales and units 

Annexure 2 

12.12 



uantity determination during su 

ailway crossin 

ecords to be submitte 
- osthophotos 

- stakin 

- quarry site surveys 

- large scale surveys 

- small scale suweys 



- accuracies 

- intervals 

- general 

- quarry site surveys 



- railway crossin 

ations - permanent 

idelines - site supervision 

gs for quarry site boundaries 

Symbols - draughting 

3.5.2.1 

Chapter 2 

Annexure 1 

Annexure 1 

Annexure 

11 .?.1 

es 11.13 to 11.3 

.7, Annexure 2 

8.7 

9.7 

11.15.1 



- Telephone fines 

etation - draughting 

Vestical Exing of permanent suwey 

Levelling 
- 
.. 

atum - bridge site surveys 

estical control - permanent su 

xisting structures 

orking plan - suwey records 


