§ ), rural development
=.le& & land reform

Department:

% "g,- 4 Rural Development and Land Reform
w REPUBLIC OF SOUTH AFRICA

Chief Directorate:
National Geo—spatial Information

Standard for the National Control Survey System

Document Reference: QLAS.SD.1_NCSN
Version: v4

This document is controlled in terms of the Quality Management System and may not be
edited, altered or printed without permission of the Division: Quality Assurance.

QLAS SD 1_NCSN_v4_2020_03_26 Page 1 of 65



SECTION A

Preliminary Informative Elements

QLAS SD 1_NCSN_v4_2020_03_26 Page 2 of 65



Al

Version Schedule

Document Control

Version No. Version Date Versioned By

vl 08 September 2010 D Clarke

v2 27 March 2012 S Kay

v3 26 March 2018 M. Poole

v4 26 March 2020 M. Poole

Approval Schedule

Version | Approved By | Designation Signature Date Approved | Copy Status

No.

vl Dr D. Clarke Chief Director ggl%eptember Master Copy

v2 Dr D. Clarke Chief Director 27 March 2012 Master Copy

v3 Dr D. Clarke Chief Director 26 March 2018 Master Copy

v4 Aslam Parker Agtmg Chief 26 March 2020 Master Copy
Director

QLAS SD 1_NCSN_v4_2020_03_26

Page 3 of 65




A?2

Al
A2
A3
A4
A5
A6
B1
B2
B3
B3.1
B4
B5
B6
B7
B8
Cl1
c2

Table of Contents

DOCUMENE CONLION ...ttt et e e st e s e san e e sar e nanee e 3
Table of Contents
FOTEWOIT ...ttt s a e et e et e et e et e et s a bt e st e s s e e s e e s e e naneean
Terms and DefiNItIONS .........oiiiiiiiii e e
Symbols and Abbreviations
INEFOAUCHION .
Geocentric Terrestrial Reference Systems and Frames
Horizontal Geodetic Datums
Vertical Geodetic Datums ............ccccvveeeeeennnnns

The South African Land Levelling DatUM ............oooiiiiiiiiiie et e e e irree e e e e e e s sabaae e e e e e e s ennees
South African Coordinate Reference Systems
Trigonometrical Beacons
LeVelliNg BENCHMAIKS .....cuuiiieiiiiiee ettt et ettt e e ettt e e ettt e e e ss b e e e ettt e e e nneeeeeanbeeeeennaeeeenneeas
Town Survey Mark Schemes
TrigNet Base Stations ..............
References
Annexures

QLAS SD 1_NCSN_v4_2020_03_26 Page 4 of 65



A3 Foreword

This standard covers the National Control Survey System (Geospatial Reference Frames) provided
by the Chief Directorate: National Geo-spatial Information (CD: NGI), Department of Rural
Development and Land Reform. Section 3A(1)(d) of the Land Survey Act (LSA 1997) mandates the
Chief Director: Surveys and Mapping (National Geo-spatial Information) to establish and maintain a
national control survey system for the Republic of South Africa.

This document was drafted using CD: NGI Special Publications, CD: NGI Technical Publications
and other documents listed in Section C. This document incorporates the relevant components of
the Special and Technical Publications relating to this standard. Future revision of this standard’s
contents, requiring the incorporation of aspects not currently contained in this standard, must
interrogate the Special and Technical Publications for source information.
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A 4 Terms and Definitions

Refer to Glossary
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A5 Symbols and Abbreviations

Refer to Glossary

BIH, Bureau International de I'Heure
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A 6 Introduction

A6.1 General
Name of the Standard

The standard described in this document shall be known as the Standard for the National Control
Survey System.

The shortened name, National Control Survey Standard, may be used.

A 6.2 Scope and Purpose

The Standard for the National Control Survey System comprises the specifications required for the
maintenance and enhancement of the national control survey system and its status is mandatory.
This document specifies, amongst others, the datums, coordinate systems, trigonometrical
beacons, benchmarks, town survey mark schemes and TrigNet base stations that constitute the
National Control Survey System.

A 6.3 Audience

The primary audience of this document is the CD: NGI. The secondary audience of this document
are users of the National Control Survey System.

A 6.4 Applicability

This document is applicable to all role players, activities and processes involved in the maintenance
of the National Control Survey System within the CD: NGI.

A 6.5 Assumptions

It is assumed that the provisions of this document may be the applied by users outside CD: NGI for
maintaining other control survey systems.

A 6.6 Normative References, other standards and related documents

e The document “Recommended Practice for the Structure and Drafting of Standards and
Related documents” was used to guide the format and structure of this document.
e Referto C 1 for document references.

A 6.7 Maintenance Authority

Maintenance of the National Control Survey System (Geo-spatial Reference Frame) Standard is the
responsibility of the Division: Quality Assurance of CD: NGI. Changes to this Standard will be
instructed by the Chief Director as improvements or amendments become necessary, or as
required. Any institution, body or individual may submit requests for the amendment of this
Standard to the Chief Director for consideration. All such requests and any other comments on the
Standard shall be addressed to:

Chief Director: National Geo-spatial Information
Private Bag X10

Mowbray

7705

and be referenced as : Proposed Amendment - National Control Survey System (Geo-spatial
Reference Frame)

The Quality Assurance Division shall maintain the provisions and structure of this document through
amendment and revision activities.
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A 6.8

Roles and Responsibilities

The roles and responsibilities of the main role players as it pertains to the drafting and maintenance
of this document are stated below.

A 6.8.1 Division: Quality Assurance

[ ]
*

*

A 6.8.2

A 6.8.3

A6.8.4

A6.85

To maintain the provisions of this document.

Keeping track of all amendments to this document

Providing assistance and guidance to the Standards Development Committees and CD:
NGI Management in interpreting the provisions of this document

Provisionally approving a proposed revision of this standard with respect to its structure and
format.

Ensuring that the use and purpose of this document is communicated effectively.

Standards Development Committee — Standard for National Control Survey System
(Reference Frame) Standard

To draft revised specifications to the provisions of this document
To make recommendations on the update and amendment of the provisions of this
document.

Refer to the relevant section in the Terms of Reference of the Standards Development
Committee for more details in this regard.

Geomatics Manager: Quality Assurance
Evaluate proposed amendments and revisions of this Standard.
Provisionally approving proposed amendments to this Standard.

Refer to the relevant section in the Terms of Reference pertaining to the Geomatics
Manager: Quality Assurance for more details in this regard.

CD: NGI Senior Management

To provide inputs into and recommend approval of this Standard.

Chief Director: NGI

To approve this Standard.
To authorise revision of this Standard.
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SECTION B

Normative Elements
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B1

B1.1

Geocentric Terrestrial Reference Systems and Frames

International Terrestrial Reference System (ITRS)

(Petit et al 2010)

The International Earth Rotation and Reference Systems Service (IERS) defines, realises
and promotes the International Terrestrial Reference System (ITRS) as defined by the
International Union of Geodesy and Geophysics’ (IUGG) Resolution 2 adopted at the
XXIVth General Assembly, 2007. The resolution endorses the following definitions:

B 1.1.1 The Geocentric Terrestrial Reference System (GTRS): A system of geocentric space-

time coordinates within the framework of General Relativity, co-rotating with the Earth
and related to the Geocentric Celestial Reference System (GCRS) by a spatial rotation
which takes into account the Earth orientation parameters, in agreement with the 2000
International Astronomical Union’ (IAU) resolution B1.3;

B 1.1.2 The International Terrestrial Reference System (ITRS): The specific GTRS for which

B1.2

B2

B21

the orientation is operationally maintained in continuity with past international
agreements (so-called BIH orientation).

International Terrestrial Reference Frame (ITRF)

(Petit et al 2010)

Realisations of the ITRS are produced by the IERS and are termed International
Terrestrial Reference Frames (ITRF).

The current procedure to determine an ITRF is to:

o Define individual Terrestrial Reference Frames (TRF) used by contributing
analysis centres, which requires that the particular conventional corrections used
by these analysis centres are known;

e Determine the ITRF by combining the individual TRFs and datum fixing, which
requires the adoption of a set of conventional corrections for the ITRF and
ensuring the consistency of the combination by removing differences between
corrections adopted by each contributing analysis centre.

The number following the designation “ITRF” specifies the last year from which data was
used in the formation of the frame. Hence ITRF2008 designates the frame of station positions
and velocities constructed in 2010 using all of the data available until the end of 2008 (2009.5
for GPS).

The initial ITRF realisation was named ITRF88 using the format “ITRFyy”, the format
"ITRFyyyy" is used from the year 2000 onwards. Transformation parameters between the

various realizations of ITRF are available on the ITRF  web site
http://itrf.ensg.ign.fr/trans_para.php.

Horizontal Geodetic Datums

The Cape Datum

B 2.1.1 Reference surface:

B 2.1.1.1 Name: Modified Clarke 1880 ellipsoid;

B 2.1.1.2 Defining parameters: (Hendrikz 1943)
B 2.1.1.2.1 Semi-major axis (a): 6378249.145326m,;
B 2.1.1.2.2 Ellipsoid flattening (f): 1/293.466307656;
B 2.1.1.2.3 Semi-minor axis (b): 6356514.966721m.

B 2.1.2 Horizontal Origin and Orientation: (Gill 1896)

B 2.1.2.1 Name: Trigonometrical beacon Buffelsfontein, No. 130, Degree Square 3325;
B 2.1.2.2 Position:
B 2.1.2.2.1 Geodetic Latitude: The mean astronomical latitude derived from several
adjacent astronomical stations;
B 2.1.2.2.2 Geodetic Longitude: The astronomic longitude of the Cape Transit Circle, at
the Royal Observatory in Cape Town, was determined using telegraphic
methods, being a time signal sent from Greenwich. The longitude difference,

QLAS SD 1_NCSN_v4_2020_03_26 Page 11 of 65



between the Cape Observatory and Buffelsfontein, was computed using the
triangulation chain between these stations;
B 2.1.2.3 Orientation: The Geodetic Azimuth from Buffelsfontein to Zuurberg.

B 2.1.3 Scale: No scale factor applied.

The Cape Datum is realised (represented) through the published coordinates of the
trigonometrical beacons and town survey marks. The coordinates were determined by the
observation and computation of terrestrial triangulation extending from the origin. LaPlace
stations were selected at which astronomic observations were observed to determine
astronomic azimuths, from which geodetic azimuths were determined, Latitude stations were
selected at which astronomic observations were carried out for latitude determinations and
baselines were set out and measured in order to control the orientation and the scale of the
triangulation network.

B 2.2 The Hartebeesthoek94 Datum
B 2.2.1 Reference surface:

B 2.2.1.1 Name: World Geodetic System 1984 ellipsoid;

B 2.2.1.2 Defining parameters: (NIMA 2000)
B 2.2.1.2.1 Semi-major axis (a): 6378137.0m;
B 2.2.1.2.2 Ellipsoid flattening (f): 1/298.257223563;
B 2.2.1.2.3 Angular velocity of the earth (w): 7292115.0 x 10-11 radians per second;
B 2.2.1.2.4 The earth's gravitational constant (atmosphere included) (GM): 3986004.418

x 108 m3/sec?.

B 2.2.2 Three-dimensional Origin and Orientation:
B 2.2.2.1 Name: Hartebeesthoek Radio Astronomy Telescope, Pretoria (IERS name:
303025001 HARTEBEESTHOEK VLBI 7232);
B 2.2.2.2 Position:
B 2.2.2.2.1 International Terrestrial Frame 1991 (ITRF1991) epoch 1994.0 (0OhOO
SAST, 1 January 1994);
B 2.2.2.3 Orientation: Global Positioning System (GPS) Broadcast Ephemeris.

B 2.2.3 Scale: No scale factor applied.

The Hartebeesthoek94 datum is realised (represented) through the published coordinates of the
trigonometrical beacons and town survey marks. These coordinates were determined through
the observation of a zero-order network, with inter-station distances of approximately 100km,
using GPS techniques. This network was connected to, and constrained by, the ITRFR91
(epoch 1994.0) coordinate of the Hartebeesthoek radio astronomy telescope, situated near
Pretoria. This zero-order network was then used to constrain the least-squares adjustment of the
triangulation observations in establishing the datum.
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B 3 Vertical Geodetic Datums

B 3.1 The South African Land Levelling Datum

The SALLD is realised through the published heights of benchmarks, town survey marks and
trigonometrical beacons that refer to this datum.

B.3.1.1 Reference surface:
Adopted mean sea level at Cape Town (referenced to BM 1).

B.3.1.2 Vertical Origin and Orientation: (TSO 17, 1966)
B.3.1.2.1. Origin:
The vertical datum is constrained to mean sea level as determined from average tidal
observations at Cape Town harbour in 1900 and 1907 period (CDNGI, 1925).

Precise levelling commenced in 1904 and the first provisional adjustment between Cape
Town, Pretoria and Durban occurred in 1943. From time to time, as the levelling progressed,
provisional heights of bench marks were derived in a number of separate stages. They are
not the result of a simultaneous adjustment of the whole primary network (TSO 17, 1966).

B.3.1.2.2 Orientation:
Normal to the plumbline (geoid).

B.3.1.3 Type of Height System: (Merry, 1977)
SALLD heights are provided in the spheroidal-orthometric (normal-orthometric) height
system. The spheroidal-orthometric height system is based upon a spheroidal and geoidal
correction. The spheroidal orthometric correction, based on latitude, has been applied to all
levelling routes. The geoidal orthometric correction, based on actual gravity measurements,
has only been applied to four primary levelling routes ((TSO 17, 1966).
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B4  South African Coordinate Reference Systems
(Torge & Miller 2012)

B 4.1 South African Geocentric Cartesian Coordinate Reference System (SAGCCRS)

B 4.1.1 Coordinate System:
Earth centred, earth-fixed, , Cartesian coordinate system defining three-dimensional
positions with respect to the centre of mass of the reference ellipsoid, where:
B 4.1.1.1 The Z-axis is directed towards the mean terrestrial (north) pole and coincides
with the corresponding mean rotational axis;
B 4.1.1.2 The mean equatorial plane is perpendicular to the Z-axis and contains the XY-
plane;
B 4.1.13 The XZ plane is generated by the zero meridian plane, which is spanned by the
mean axis of rotation and the zero meridian, to which Universal Time refers;
B 4.1.2.4 The Y-axis is directed so as to obtain a right-handed system.

B 4.1.2 Datum: Hartebeesthoek94

B 4.2 South African Geographical Coordinate Reference System (SAGCRS)

B 4.2.2 Coordinate System:

B 4.2.2.1 Geographic coordinates are derived from the three-dimensional Cartesian
coordinate system;

B 4.2.2.2 The coordinates of a point on the earth’s surface can be described in terms of
latitude (¢), longitude (1) and ellipsoidal height (h);

B 4.2.2.3 The angle made by the intersection of the normal to the ellipsoid, passing
through a point (P), with the equatorial plane is the geodetic latitude. Geodetic
latitude is conventionally measured up from the equator, where,

B 3.2.2.3.1 in the northern hemisphere, 0° < ¢ < 90°
B 3.2.2.3.2 in the southern hemisphere, -90°< ¢ < 0°;

B 4.2.2.4 The angle between the prime (zero) meridian plane and the local meridian
plane containing the normal to the ellipsoid at a point (P) is  the longitude,
measured positive eastwards.

B 4.2.2.5 The ellipsoidal height of a point (P) is the distance measured  perpendicular to
the ellipsoid at that point (P).

B 4.2.3 Datum: Hartebeesthoek94
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Figure 1: SAGCRS

B 4.3  South African Projected Coordinate Reference System (SAPCRS)

B 4.3.1 Projection

The Transverse Mercator Projection, also referred to as the Gauss Conform

Projection.

Figure 2: Transverse Mercator Projection

B 4.3.2 Parameters/Conventions:

B 4.3.2.1 Reference Longitudes:
The SAPCRS consists of ten 2° wide longitude bands that are centred on every

odd meridian, being 17°E, 19°E, 21°E, 23°E, 25°E, 27°E, 29°E, 31°E and 33°E
and 37°E. These are referred to as the longitudes of origin (Lo.). Each band is
named after its unique longitude of origin (Lo.) reference number being that odd
meridian. The name of the zone is not related to the reference ellipsoid or the

geodetic datum.
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Figure 3: Lo. bands of the SAPCRS

B 4.3.2.2 Reference Latitude:
The equator is the reference latitude (latitude of origin) .

B 4.3.2.3 Coordinate system definition and parameters:

The coordinates are reported in the following order: y (westings), x (southings),

where:

B 4.3.2.3.1 y (westing) coordinates are referred to the Longitude of
origin (Lo.) in an east-west direction, zero on the Lo., +ve west of
the Lo. and —ve east of the Lo.;

B 4.3.2.3.2 x (southing) coordinates are referred to Latitude of origin, the

equator, zero on the equator and +ve south of the equator;

B 4.3.2.3.3 False westing: Not applied;

B 4.3.2.3.4 False northing: Not applied;

B 4.3.2.3.5 Scale factor: 1 (No scale factor applied).

B 4.3.2.4 Direction Measurement Convention:
Directions are measured clockwise from grid south within the projected system.

QLAS SD 1_NCSN_v4_2020_03_26 Page 16 of 65



180 ° (North)
A

90 ° (West) « P 270 ° (East)

L

\
0° (South)

Figure 4: Direction measurement Convention

B 4.3.3 Datum: Hartebeesthoek94
B.4.3.4 Naming Convention for each band:

Hart94 / Lo17....Lo33, Lo37
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B5

B5.1

Trigonometrical Beacons

Section 43 of the Land Survey Act (LSA 1997), as amended, legislates the “protection of
trigonometrical stations”. Section 44 of the Act legislates the “Offences and compensation
for damages sustained thereby” with respect to unlawfully damaging trigonometrical
beacons. Section 45 of the Act legislates the “Power of entry upon land” relating to
access, use and maintenance of trigopnometrical beacons.

Location and Survey

B5.1.1 Site Selection: (TSO 1947)

The criteria for the selection of the location of a new trigonometrical beacon are:

B 5.1.1.1 Maximal visual coverage of surrounding area;

B 5.1.1.2 Stable ground to support beacon, preferably rock;

B 5.1.1.3 Minimal disruption and interference of normal land use operations;

B 5.1.1.4 Maximal use for normal survey operations;

B 5.1.1.5 Line of sight to at least four (4) existing national control survey beacons;

B 5.1.1.6 Rays to existing national control survey beacons realise triangles that are well-
conditioned (horizontal angles that are not less than 30° and not more than
150°);

B 5.1.1.7 New beacon names shall have local relevance.

B5.1.2 Survey: (TSO 1963), (TSO 1965)

B5.2

The criteria for the survey of the new trigopnometrical beacon are:

B 5.1.2.1 A minimum of the nearest four (4) national control survey beacons shall be
selected such that they encompass the new trigonometrical beacon location in
order to determine its horizontal  position and orthometric height.

B 5.1.2.2 Trigonometrical beacons, used to fix the new beacon, shall have their positions
checked / verified by the survey of withess marks at each beacon.

Trigonometrical Beacon Naming Convention

Trigonometrical beacons are referenced by means of a numeric and an alphanumeric
reference.

B 5.2.1 Numeric reference:

The numeric reference consists of the Degree Square in which the trigonometrical
beacon is located and the next unallocated number in that Degree Square. The
Degree Square and number are separated by the period symbol. A new
trigonometrical beacon in Degree Square 3418, for which the first 234 numbers have
been allocated, will be numerically referenced as “3418.235".

B 5.2.2 Alphanumeric reference:

The alphanumeric reference will be a descriptive reference relating to the surrounds in
which the trigonometrical beacon is located. . Names will be in accordance with the
guidelines for geographical names issued by the SAGNC. A new trigonometrical
beacon located near Table Mountain may be given the name “Table Mountain”. Should
more than one trigonometrical beacon be located in an area, requiring the local name
to be used more than once, then a numeric is suffixed to the name in numerical order.
“Table Mountain 17, “Table Mountain 2” and so on.
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B 5.3 Monument Specifications
(TSO 1964a)

B5.3.1

B5.3.2

B 5.3.3

B5.34

B5.3.5

TYPES 1 AND 2: STANDARD CONCRETE PILLARS WITH 1.26M AND 1.89M
SIGNAL:

A cylindrical concrete pillar that is 1.22 metre high and 38 centimetres in diameter,
encased in a sheet-iron mould on a concrete foundation and surmounted by a
removable iron signal that is either 1.22m or 1,89m high. The casing is painted white
and the signal a dull black. The name and number of the beacon is impressed in the
top of the concrete.

See Annexure C 2.1.1 for beacon design, C 2.1.2 for iron casing, C 2.1.3 for roof
beacon, C 2.1.4 for signal and C 2.1.5 for beacon in loose sand.

TYPE 3: STANDARD BEACON ON PLATFORM:

A concrete platform with a height of between 31 centimetres and 2.83 metres (up to
3.78 metres in exceptional cases) and 1.26 metres in diameter. Refer to paragraph B
5.3.1 for pillar specification.

See Annexure C 2.1.6 for beacon design, C 2.1.7 for beacon on stone platform, C
2.1.2 for iron casing and C 2.1.4 for signal.

TYPE 4: STANDARD UP-STATION:

An iron pipe, that is 4.41 metre in length and 5 centimetres in diameter, is placed 63
centimetres into a ground excavation and concreted. The ground excavation has
dimensions of 63 centimetres in depth and 79 centimetres in diameter and is concreted
to 5 centimetres above the ground. The top of the pipe is fitted with a sleeve in which a
standard 1.26 metre signal is inserted. The overall height of the vane, from ground to
top, is 5 metres. The name and number of the beacon is impressed in the top of the
concrete.

See Annexure C 2.1.8 for beacon design.

TYPE 5: PIPE BEACON:
An iron pipe that is 6.6 metres in length and 11 centimetres in diameter, is placed 1
metre into a ground excavation and concreted.

See Annexure C 2.1.9 for beacon design.

TYPE 6: 10-11 metre BLOCK BEACON:

The block beacon consists of a platform built on a square concrete foundation. For
hard ground conditions the concrete foundation dimensions are square in the
horizontal, with sides of 3 metres, and 50 centimetres in the vertical. For soft ground
the foundation dimensions remain the same but the entire foundation is sunk into the
ground to a depth of at least 1 metre.

The concrete platform takes the form of a hollow tower, square in the horizontal, with
sides of 1.44 metres, and walls that are 21 centimetres thick. The tower is constructed
using concrete bricks with dimensions of 16 centimetres in the vertical, 21 centimetres
wide and 47 centimetres long. The platform is built in sections of 3.06 metres (being 18
courses of brickwork), where each section is completed by the construction of a
reinforced concrete slab, 16 centimetres thick. The total section height, including the
reinforced concrete slab, is then 3.23 metres. The mortared spacing between the
concrete bricks and courses of concrete bricks is 1 centimetre.

The completed platform may not exceed a height of 9.69 metres (3 sections). The
construction of a standard 1.26 metre pillar on the platform will realise a maximum total
height of 10.95 metres for the beacon.

Permanent steps, consisting of 20 millimetre round iron, are built into one side of the
tower at 34 centimetre intervals (after every second course of concrete blocks), the
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lowest rung being no more than 63 centimetres above ground level. A railing, 95
centimetres high, constructed from 20 millimetre round iron or 16 millimetre square
iron, is placed around the top of the platform.

See Annexure C 2.1.10 for beacon design, C 2.1.11 for bricks, C 2.1.12 for beacon
step, C 2.1.13 for beacon step and railing, C 2.1.14 for block beacon in deep sand, C
2.1.2 for iron casing and C 2.1.4 for signal.

B 5.3.6 TYPE 7: BLOCK BEACON HIGHER THAN 10-11 metres:
The block beacon consists of a platform built on a square concrete foundation. For
hard ground conditions the concrete foundation dimensions are square in the
horizontal, with sides of 4 metres, and 50 centimetres in the vertical. For soft ground
the foundation dimensions remain the same but the entire foundation is sunk into the
ground to a depth of at least 1 metre.

A foundation extension is required for platforms higher than 10 metres. A hollow tower
is built with a wall of double thickness, square in the horizontal, with sides of 1.66
metres, and walls that are 43 centimetres thick (2 brick widths). The tower is
constructed using concrete bricks with dimensions of 16 centimetres in the vertical, 21
centimetres wide and 47 centimetres long. The foundation extension is built in two
sections of 2.38 metres (being 14 courses of brickwork), where each section is
completed by the construction of a reinforced concrete slab, 16 centimetres thick. The
total section height, including the reinforced concrete slab, is then 2.55 metres. The
mortared spacing between the concrete bricks and courses of concrete bricks is 1
centimetre. The foundation extension may not exceed 5.10 metres.

The concrete platform is built on top of the foundation extension in the form of a hollow
tower, square in the horizontal, with sides of 1.44 metres, and walls that are 21
centimetres thick. The tower is constructed using concrete bricks with dimensions of
16 centimetres in the vertical, 21 centimetres wide and 47 centimetres long. The
platform is built in sections of 3.06 metres (being 18 courses of brickwork), where each
section is completed by the construction of a reinforced concrete slab, 16 centimetres
thick. The total section height, including the reinforced concrete slab, is then 3.23
metres. The mortared spacing between the concrete bricks and courses of concrete
bricks is 1 centimetre.

The completed platform may not exceed a height of 9.69 metres (3 sections) above the
foundation extension and 14.79 metres above ground level. The construction of a
standard 1.26 metre pillar on the platform will realise a total height of 16.05 metres for
the beacon.

Permanent steps, consisting of 20 millimetre round iron, are built into one side of the
tower at 34 centimetre intervals (after every second course of concrete blocks), the
lowest rung being no more than 63 centimetres above ground level. A railing, 95
centimetres high, constructed from 20 millimetre round iron or 16 millimetre square
iron, is placed around the top of the platform.

See Annexure C 2.1.15 for beacon design, C 2.1.16 for double wall section, C 2.1.11

for bricks, C 2.1.12 for beacon step, C 2.1.13 for beacon step and railing, C 2.1.14 for
block beacon in deep sand, C 2.1.2 for iron casing and C 2.1.4 for signal.
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B 5.3.7 TYPE 8: 15 metre WINDMILL TOWER BEACON:
A windmill tower beacon consists of two separate towers, an inner tower 12.59 metres
in height which carries an 2.52 metre by 11 centimetre pipe extension at the top of the
“beacon”, and an outer tower 14.48 metres in height which carries an observer's
platform.

See Annexure C 2.1.17 for 15m Windmill Tower beacon design, C 2.1.20 for an
alternative method to erect a Windmill Tower and C 2.1.19 for windmill tower flange.

B 5.3.8 TYPE 9: 6.3 metre or 8.82 metre WINDMILL TOWER BEACON:
A standard 6.3 metre windmill tower is provided either with (A type) a tower cap and
flange or (B type) a 11 centimetre by 2.52 metres pipe and flange. In both cases a
pipe outer tower is erected round the windmill tower — in the case of the A type, 5.04
metres high and for the B type, 7.56 metres high. The outer tower is placed square to
the diagonal of the inner windmill tower.

See Annexure C 2.1.18 for 6.3m Windmill Tower beacon design, C 2.1.20 for an
alternative method to erect a Windmill Tower and C 2.1.19 for windmill tower flange.

B 5.3.9 TYPE 10: METAL TRIPOD BEACON:
In built-up areas or where reservoirs, silos or water towers occupy the most suitable
positions for a trigopnometrical beacon, a metal tripod beacon is used. The metal tripod
beacon has a light structure, which can be erected with ease with minimum
defacement to the building, or structure.

See Annexure C 2.1.21 for metal tripod beacon design and C 2.1.22 for metal tripod
beacon on water tower.

B 5.4 Geospatial Position

B 5.4.1 Trigonometrical beacon position verification:
The accuracy of distance measurements to witness marks of trigonometrical beacons
shall not exceed 0.05 metres at the 95% confidence interval. The accuracy of 0.05
metres is based on the diameter of the beacon signal pipe hole in the top of the
beacon, which is 0.05 metres.

B 5.4.2 Coordinate Computation: Least Squares Method:
Least squares adjustments shall ensure sufficient redundancy in order to enable
adherence to the following prescripts within the normal distribution:

B 5.4.2.1 Suitable, justifiable, weights shall be applied to all observed quantities such that
the a-posteriori variance factor tends to unity (1);

B 5.4.2.2 The accuracy of adjusted horizontal co-ordinates shall not exceed 0.05 metres
at the 95% confidence level. The accuracy of 0.05 metres is based on the
diameter of the beacon signal pipe hole in the top of the beacon, which is 0.05
metres;

B 5.4.2.3 The accuracy of adjusted orthometric height co-ordinates shall not exceed 0.30
metres at the 95% confidence level. The accuracy of 0.30 metres is based on
the minimum accuracy required for vertical angles, being 5”, over a distance of
7,5 kilometres, which is the maximum spacing between trigonometrical beacons
within a tertiary triangulation network.
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B 5.4.3 Coordinate Computation: Alternative Methods:
Other methods of computation shall ensure sufficient redundancy in order to enable
adherence to the following prescripts within the normal distribution;

B 5.4.3.1 The accuracy of adjusted horizontal co-ordinates shall not exceed 0.05 metres
at the 95% confidence level. The accuracy of 0.05 metres is the diameter of the
width of the beacon signal pipe;

B 5.4.3.2 The accuracy of adjusted orthometric height co-ordinates shall not exceed 0.30
metres at the 95% confidence level. The accuracy of 0.30 metres is based on
the minimum accuracy required for vertical angles, being 5”, over a distance of
7,5 kilometres, which is the maximum spacing between trigonometrical beacons
within a tertiary triangulation network.
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B 6

B6.1

Levelling Benchmarks

Section 43 of the Land Survey Act (LSA 1997), as amended, legislates the “protection of
trigonometrical stations”. Section 44 of the Act legislates the “Offences and compensation
for damages sustained thereby” with respect to unlawfully damaging levelling
benchmarks. Section 45 of the Act legislates the “Power of entry upon land” relating to
access, use and maintenance of levelling benchmarks.

Location and Survey

B6.1.1 Site Selection: (TSO 1956), (TSO 1964b)

Levelling routes comprise of three types of monuments, named Bench Marks. These
are Fundamental Bench Marks, Main Bench Marks and Intermediate Bench Marks.
These Bench Marks are utilizing in three orders of levelling routes being Primary
Routes, Secondary Routes and Tertiary Routes.

B 6.1.1.1 Fundamental Bench Marks (FBM) are established at intervals of approximately
65 kilometres along Primary Routes at selected sites near towns and at
intersections of Primary and Secondary Routes or Primary and Tertiary Routes.
Selected sites should preferably be located on State owned land or land vested
in provincial or local authorities;

B 6.1.1.2 Main Bench Marks (MBM) are established at intervals of 8 to 10 kilometres
between Fundamental Bench Marks;

B 6.1.1.3 Intermediate Benchmarks (IB) are established at intervals of 1 to 2 kilometres
between Main Bench Marks;

B 6.1.1.4 FBMs and MBMs shall be located on solid rock foundations, preferably on State
or Municipal ground;

B 6.1.1.5 Levelling routes are established along main transport routes such as rail routes
and national, provincial and regional road routes.

B6.1.2 Survey: (TSO 1956), (TSO 1964b), (TSO 1964c)

B6.2

The survey of a levelling route requires the use of a calibrated precise levelling
instrument and standardised invar staves to carry out the survey as follows:

B 6.1.2.1 The precise levelling survey should not commence within 6 months of FBM
construction and 2 weeks of MBM and IB construction;

B 6.1.2.2 The precise levelling survey operation comprises the forward and back
determination of height difference between two consecutive bench marks,
termed a leg;

B 6.1.2.3 Each forward and back determination of height comprises multiple set-ups. A
set-up consists of setting up the levelling instrument midway between two staves
placed 45 metres apart (to a maximum of 60 metres in flat areas). The distance
between staves shall be reduced in areas of steep gradient in order to avoid
observing below %2 metre above the ground where refraction is prevalent;

B 5.1.2.4 A set-up’s measurement consists of observing the left-hand scale of the back-
staff, then the left-hand scale of the fore-staff, and then the right-hand scale of
the fore-staff and finally the right hand-scale of the back-staff;

B 5.1.2.5 A set-up is deemed completed when the consistency with respect to height
difference between the left-hand scale readings and the right-hand scale
readings are within 0.06 millimetres for a 5mm graduated staff, or 0.6 millimetres
for a 10mm graduated staff.

Bench Mark Naming Convention
(TSO 1956), (TSO 1964b)

B 6.2.1 Primary Levelling Routes:
These routes follow selected Railway and National road routes. The Primary
Levelling Routes are numbered consecutively, being 1,2,3 etc. The Primary
Levelling Routes form the perimeters of areas named Primary Circuit Areas. The
Primary Circuit Areas are numbered by consecutive Roman numerals, being |,
I, 1, 1V, etc.
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B 6.3

B 6.4

B6.2.2

B6.2.3

B6.2.4

B6.2.5

Secondary Levelling Routes:

The Secondary Levelling Routes are referenced to the Primary Circuit Areas
and are numbered by consecutive alphabetic capital letters, being IV A, IV B etc.
The Secondary Levelling Routes form the perimeters of areas named
Secondary Circuit Areas. The Secondary Circuit Areas are numbered
consecutively, being IV Al, IV A2, IV A3, etc.

Tertiary Levelling Routes:

The Tertiary Levelling Routes are referenced to the Primary and Secondary
Circuit Areas and are numbered by consecutive alphabetic capital letters, being
IVALA, IVALB,IVALC, etc.

Fundamental Bench Marks (FBM):

The numbering of FBMs comprises the letters “FBM” followed by the name of
the nearest town or locality, being “FBM Queenstown”. The portion of a Primary
Levelling Route between consecutive FBMs is termed a Section. Each Section
is referenced alphabetically, being 33 A, 33 B, 33 C, etc.

Main Bench Marks (MBM) and Intermediate Benchmarks (IB):

MBMs and IBs within a Section of a Primary Levelling Route are numbered
consecutively, being 33 A 1,33 A 2,33 A3, etc.

MBMs and IBs within a Secondary Levelling Route are numbered consecutively,
being IVA1 1, IV A1 2, IV Al 3, etc.

MBMs and IBs within a Tertiary Levelling Route are numbered consecutively,
being VALAL IVALA2, IVALAS, etc.

Monument Specifications
(TSO 1956), (TSO 1964b)

B6.3.1

B 6.3.2

Fundamental Bench Marks (FBM):

The Fundamental Bench Mark comprises a covered-in underground mark
consisting of a bronze stud cemented into solid rock or set in concrete based on
solid rock. A surface mark, totally unconnected with the underground mark, but
also set in concrete, is built alongside the protected mark for normal reference
and usage.

See Annexure C 2.2.1 for FBM design, C 2.2.3 for BM brass stud, C 2.2.4 for
wall BM and C 2.2.5 for BM record.

Main Bench Marks (MBM) and Intermediate Benchmarks (IB):
Main Bench Marks and Intermediate Benchmarks have two construction
specification types, referenced Type (a) and Type (b).

B 6.3.2.1 Type (a) Bench Mark: A brass stud cemented in solid rock, an abutment, a

bridge or the foundation of a building;

B 6.3.2.2 Type (b) Bench Mark: A brass stud cemented into a concrete beacon, which

is either erected on solid rock or has a concrete foundation in firm ground.

See Annexure C 2.2.2 for MBM and IB design, C 2.2.3 for BM brass stud, C
2.2.4 for wall BM and C 2.2.5 for BM record.

Geospatial Position

B6.4.1

Coordinate Computation:

The standard of primary levelling conforms to the following extreme limits of
error, laid down by the International Geodetic Association at its meeting in
Hamburg in 1912 for levelling of “high precision”.

B 6.4.1.1 Primary, Secondary and Tertiary Levelling:

The accuracy of orthometric height differences between adjacent
benchmarks shall be 0.3mm x sub-section distance (in kilometres) at the
95% confidence level.
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B7

B7.1

Town Survey Mark Schemes
(TSO 1962)

Section 42 of the Land Survey Act (LSA 1997), as amended, legislates the erection and
maintenance of “town survey marks” (TSM’s) and the establishment of town survey schemes.

Section 45 of the Act legislates the “Power of entry upon land” relating to access, use and
maintenance of town survey marks.

Location and Survey

B 7.1.1 Site Selection:

The criteria for the selection of the location of new town survey marks in a Town
Survey Scheme are:

B 7.1.1.1 Two existing control survey monuments (trigonometrical beacons and/or
TSM’s) shall be observable;

B 7.1.1.2 The location shall provide maximal visual coverage to the surrounding
cadastre and engineering services;

B 7.1.1.3 The location shall facilitate maximal safety to users;

B 7.1.1.4 The location shall provide maximum access to GNSS satellite signals with
minimal multipath;

B 7.1.1.5 The location shall provide for minimal disturbance of its monument;

B 7.1.1.6 The location and number of new TSM’s shall be evenly distributed
throughout the Town Survey Scheme and shall not exceed an inter-station
distance of five kilometres (5 kms) to neighbouring TSMs;

B 7.1.1.7 The location and number of new TSMs shall take cognisance of the local
authority’s budget limitations.

B 7.1.2 Survey:

The criteria for the survey of new town survey marks in a TSM scheme is as
follows:

B 7.1.2.1 A minimum of the nearest four (4) national control survey monuments shall
be selected such that they encompass the new Town Survey Scheme in
order to determine horizontal positions for the new TSM’s.

B 7.1.2.2 Trigonometrical beacons, used to fix the new TSM'’s, shall have their
positions checked / verified by the survey of withess marks at each beacon;

B 7.1.2.3 A minimum of four (4) of the existing and/or new TSM’s, in the Town Survey
Scheme, shall be selected such that they encompass the new Town Survey
Scheme;

B 7.1.2.4 The selected TSM’s shall be connected by survey to the selected
trigonometrical beacons stated in paragraphB 7.1.2.2;

B 7.1.2.5 Each new TSM shall be connected by survey to all adjoining TSM’s;

B 7.1.2.6 The TSM scheme survey shall form a robust network ensuring maximal
redundancy;

B 7.1.2.7 All trigonometrical beacons used to fix the new TSM(s) shall be checked /
verified by the survey of four (4) witness marks at each beacon.

B 7.1.2.8 The heights of selected TSM scheme monuments shall be determined by
connection to the Land Levelling Datum Benchmark Network using precise
levelling techniques. Should such connection not be possible, a Main
Benchmark shall be established by other methods as prescribed by CD: NGI.
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B7.2

B7.3

B74

Town Survey Mark Naming Convention

Town Survey Marks are referenced by means of an alphanumeric reference contained
within a Town Survey Schemes register.

B7.21

Alphanumeric reference:

The alphanumeric reference consists of the 1:50 000 Map Series reference,
followed by a period symbol to which a unique alphanumeric reference is
appended. A TSM located in 3418AB will be alphanumerically referenced as
“3418AB.4 AB8”.

Monument Specifications

B7.31

B7.32

Standard Town Survey Mark:

The standard town survey mark comprises a brass peg in concrete at a depth of
24 centimetres underground. A protective but free standing cast iron cover, with
a lid, is placed flush with the ground surface over the mark. The cast iron cover
should not be able to make contact with the brass peg in concrete.

See Annexure C 2.3.1 for the Standard Town Survey Mark design.

Town Survey Mark 2020:

B 7.3.2.1 The town survey mark 2020 (TSM2020) comprises of a 20mm x 225mm 304

stainless steel rod with 200mm T-joint set in a concrete foundation, with
dimensions 600mm (length and breadth) and 450mm (height), that is
anchored in the ground by 12mm x 600mm reinforced iron rods that are
placed at an angle of 45° at each corner of the base of the foundation.

B 7.3.2.2 The TSM2020 shall have four (4) witness marks installed and in order to

B7.33

verify its position.
See Annexure C 2.3.2 for the Town Survey Mark 2020 design.

Alternative Town Survey Mark:

Various alternative town survey mark specifications have been used by various
local authorities and may not be included on the official Town Survey Mark
Scheme co-ordinate lists. These include:

B 7.3.3.1 Iron peg and pipe in concrete;
B 7.3.3.2 Brass peg in pavement;
B 7.3.3.3 Drill-hole in pavement;

Geospatial Position

B7.41

B7.4.2

Position verification of trigonometrical beacons used to fix the TSM’s:

The accuracy of distance measurements to witness marks of trigonometrical
beacons shall not exceed 0.05 metres at the 95% confidence interval. The
accuracy of 0.05 metres is based on the diameter of the beacon signal pipe hole
in the top of the beacon, which is 0.05 metres.

Coordinate Computation: Least Squares Method:
Least squares adjustments shall ensure sufficient redundancy in order to enable
adherence to the following prescripts within the normal distribution:

B 7.4.2.1 Suitable, justifiable, weights shall be applied to all observed quantities such

that the a-posteriori variance factor tends to unity (1);

B 7.4.2.2 The accuracy of adjusted horizontal co-ordinates shall not exceed 0.05

metres at the 95% confidence level. The accuracy of 0.05 metres is the
diameter of the beacon signal pipe;

B 7.4.2.3 The Precise levelling for the orthometric heighting of the TSM’s shall comply

with limits of error for Primary, Secondary and Tertiary Levelling as stated in
paragraph B 6.4.1.1.
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B 7.4.3 Coordinate Computation: Other Methods:
Other methods of computation shall ensure sufficient redundancy in order to
enable adherence to the following prescripts within the normal distribution:
B 6.4.3.1 The accuracy of adjusted horizontal co-ordinates shall not exceed 0.05
metres at the 95% confidence level.
B 6.4.3.2 The Precise levelling for the orthometric heighting of the TSM’s shall comply
with limits of error for Primary, Secondary and Tertiary Levelling as stated in
paragraph B 6.4.1.1.

B 8 TrigNet Base Stations

TrigNet is the name of the South African national GNSS network, maintained by the
CD:NGI.

B 8.1 Location and Survey

Section 43 of the Land Survey Act (LSA 1997), as amended, legislates the “protection of
trigonometrical stations”. Section 44 of the Act legislates the “Offences and compensation for
damages sustained thereby” with respect to unlawfully damaging TrigNet base stations. Section 45
of the Act legislates the “Power of entry upon land” relating to access, use and maintenance of
TrigNet base slandtations.

B 8.1.1 Site Selection: (Seeber 2003), (IGS 2007)
The IGS Site Guidelines serve as reference for the establishment of TrigNet
Base Stations.

The criteria for the selection of the location of a TrigNet Base Station are:

B 8.1.1.1 Direct access to stable and reliable 220 VAC, 50Hz, power supply;

B 8.1.1.2 Secure environment to house GNSS receiver, computer and networking
hardware;

B 8.1.1.3 An un-obscured sky view of, at least, 5° above the horizontal;

B 8.1.1.4 Accessibility by road;

B 8.1.1.5 Accessibility to data dissemination network;

B 8.1.1.6 Minimal Radio Frequency interference;

B 8.1.1.7 Minimal multi-path generation environment for the received signal;

B 7.1.1.8 Should a trigonometrical beacon be built, stable ground to support the
monument, preferably bed rock.

B 8.1.2 Survey of the horizontal position of the TrigNet station within the
Hartebeesthoek94 Datum:
B 8.1.2.1 A minimum of the nearest four (4) national control survey monuments shall
be selected such that they encompass the new TrigNet Base station location.
B 8.1.2.2 Trigonometrical beacons, used to fix the new TrigNet Base station, shall
have their positions checked / verified by the survey of witness marks at each
beacon.

B 8.1.3 Survey of the three-dimensional ellipsoidal coordinate position within the ITRF:

B 8.1.3.1 The current ITRF realisation, , shall be used, within one year of the ITRF
publication;

B 8.1.3.2 A minimum collection of seven days of multi frequency GNSS data, collected
from all active TrigNet stations and relevant IGS stations, shall be used to
determine the ITRF three-dimensional ellipsoidal coordinate positions of all
the active TrigNet stations;

B 8.1.3.3 The collected GNSS data, as a minimum, shall be at a 30 second epoch
interval.
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B 8.2

B 8.3

B 8.1.4 Survey of the orthometric height of the TrigNet station within the Land Levelling
Datum using Trigonometric Levelling techniques:

B 8.1.4.1 A minimum of the nearest two (2) national control survey monuments that
have orthometric heights shall be selected in order to determine the
orthometric height of the new TrigNet station;

B 8.1.4.2 Trigonometrical beacons, used to fix the new TrigNet Base station, shall
have their positions checked / verified by the survey of witness marks at each
beacon.

B 8.1.5 Survey of the orthometric height of the TrigNet station within the Land Levelling
Datum using Precise Levelling Techniques:
A minimum of the nearest Land Levelling Datum benchmark shall be selected in
order to determine the orthometric height of the new TrigNet station.

TrigNet Base Station Naming Convention

TrigNet Base stations are referenced by means of a station name and a site name that relates to the
place or area that the station is situated. Station and site hames will be in accordance with the
guidelines for geographical names issued by the SA Geographical Names Council.

B 8.2.1 Station Name:
The station name is alphanumeric, shall consist of a maximum of 20 characters and
may comprise multiple words. Each word shall commence with a capital letter. There
shall be no spaces in the station name, the capital letters indicating a new word (i.e.
PortElizabeth, CapeTown). The station name must be unique and provide reference
to the location of the station (i.e. city or town name). Locations that have multiple
stations may use the same name in conjunction with a number.

B 8.2.2 Site Name:
The site name, or site ID, shall consist of four (generally alphabetic)
characters that shall be an abbreviation of the station name, all characters
being capital (i.e. PELB for PortElizabeth, CTWN for CapeTown, UPTN for
Upington).

B 8.2.3 The site name of a TrigNet station will change when the horizontal and/or the
vertical position of the antenna changes. (i.e. for UPTN, the name would
change to UPTA).

B 8.2.4 Should the station to be a designated IGS station, then its name must be checked
to ensure that it does not duplicate an existing IGS station name.

Monument Specifications

The TrigNet Base Station network monuments comply with IGS standards. Three types of
antenna mounts are used, these being the “Wall bracket mount”, a “monument on a
building structure” and a “ground monument”;.

B 8.3.1 Wall bracket mount:
The wall bracket consists of an antenna support pole with an integrated antenna
mount that is horizontally adjustable. The antenna support pole and integrated
mount is fixed to the wall by means of four brackets and Rawl bolts. The
antenna pole and integrated antenna mount shall be connected to a lightning
conductor.

The antenna support pole specifications are:

B 8.3.1.1 All components manufactured from 304 stainless steel;
B 8.3.1.2 1.5 to 3 metres in length;

B 8.3.1.3 75mm outer diameter;

B 8.3.1.4 3mm wall thickness.
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The integrated antenna mount specifications are:

B 8.3.1.5 All components manufactured from 304 stainless steel;

B 8.3.1.6 Two (2) 160mm diameter plates, 10mm thick;

B 8.3.1.7 Three (3) 10mm diameter pins, 140mm to 180mm length, that have 40mm
thread on one end. The non-threaded ends are fixed to the bottom plate and
the threaded ends permit the horizontal adjustment of the top plate by means
of two nuts;

B 8.3.1.8 The bottom plate is fixed to the top of the antenna pole;

B 8.3.1.9 The top plate has a 5/8th BSW thread bolt inserted in its centre to permit the
attachment of the antenna.

The brackets and Rawl bolt specifications are:

B 8.3.1.10 All components manufactured from 304 stainless steel;

B 8.3.1.11 The brackets are between 280mm and 300mm in length, between 80mm
and 100mm across and 7mm thick. The brackets are kinked in the centre to
accommodate the antenna support pole;

B 8.3.1.12 Two fixing points on the antenna support are utilized. At each fixing point
two brackets are used, the inner bracket against the wall, the outer bracket
on the outside side of the antenna support pole. The two brackets
encompass the antenna support pole at the fixing point. Two rawl bolts are
inserted through the two brackets, on each side of the antenna support pole,
and fixed into the masonry wall;

B 8.3.1.13 The Rawl bolts have a diameter not less than 20mm;

B 8.3.1.14 Two nuts are placed on each rawl bolt, either side of the inner and outer
brackets, in order to permit the adjustment the antenna support pole and
integrated antenna mount to a vertical position.

See Annexure C 2.4.1 for basic wall bracket mounting.

B 8.3.2 Monument on a Building Structure:
Standard trigonometrical beacon, types 1 and 2, as specified in paragraphB
5.3.1, excluding the iron signal, and fixed to the building structure with steel re-
enforcing rods. An antenna mount is permanently fixed into the beacon top in
order to accommodate the antenna;

The antenna mount specifications are:

B 8.3.2.1 All components manufactured from 304 stainless steel;

B 8.3.2.2 One (1) 160mm diameter plate, 10mm thick;

B 8.3.2.3 Three (3) 10mm diameter pins, 140mm to 180mm length, that have 40mm
thread on one end. The non-threaded ends are fixed into the beacon top and
the threaded ends permit the horizontal adjustment of the top plate by means
of two nuts;

B 8.3.2.4 The top plate has a 5/8th BSW thread bolt inserted in its centre to permit the
attachment of the antenna.
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B 8.3.3 Ground Monument:

Standard trigonometrical beacon on platform, type 3, as specified in paragraphB
5.3.2, excluding the iron signal, which is encased in two sheet-iron moulds,
which are 1.22 metre high and 38 centimetres in diameter. The moulds are
placed one above the other at the base of the platform, which is 50 centimetres
high, realising a total beacon height, from ground level, of 1.73 metres. An
antenna mount is permanently fixed into the beacon top in order to
accommodate the antenna;

The antenna mount specifications are:

B 8.3.3.1 All components manufactured from 304 stainless steel;

B 8.3.3.2 One (1) 160mm diameter plate, 10mm thick;

B 8.3.3.3 Three (3) 10mm diameter pins, 140mm to 180mm length, that have 40mm
thread on one end. The non-threaded ends are fixed into the beacon top and
the threaded ends permit the horizontal adjustment of the top plate by means
of two nuts;

B 8.3.3.4 The top plate has a 5/8th BSW thread bolt inserted in its centre to permit the
attachment of the antenna.

B 8.4 Geospatial Position

B 8.4.1 Position verification of trigonometrical beacons used to fix the TrigNet Base
Station within the Hartebeesthoek94 Datum and the Land Levelling Datum:
The accuracy of distance measurements to witness marks of trigonometrical
beacons shall not exceed 0.05 metres at the 95% confidence interval. The
accuracy of 0.05 metres is based on the diameter of the beacon signal pipe hole
in the top of the beacon, which is 0.05 metres.

B 8.4.2 TrigNet Base Station Geospatial Position reference location:

B 8.4.2.1 TrigNet Base Station data is collected relative to a reference location
referenced to the TrigNet Base Station’s antenna.

B 8.4.2.2 The horizontal position of the TrigNet Base Station, within the
Hartebeesthoek94 Datum, and its orthometric height is referenced to the
base of the antenna mount.

B 8.4.2.3 The geospatial position of the TrigNet Base Station, within the latest ITRF
determination, is referenced to the base of the antenna mount.

B 8.4.2.4 Users of TrigNet Base Station data require the reference location in order to
process accurate GNSS baselines.

See Annexure C 2.4.2 which shows the location of the antenna phase centre relative
to the base of the antenna mount.

B 8.4.3 Verification of a TrigNet Station position:
The accuracy of distance measurements to witness marks of TrigNet Stations
shall not exceed 0.016 metres at the 95% confidence interval. The accuracy of
0.016 metres is based on the diameter of the 5/8th BSW thread bolt, which is
used to attach the antenna.
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B 8.4.4 Coordinate Computation:
The Adjustment method shall ensure sufficient redundancy in order to enable
adherence to the following prescripts within the normal distribution;

B 8.4.4.1 Suitable, justifiable, weights shall be applied to all observed quantities such
that the a-posteriori variance factor tends to unity (1);

B 8.4.4.2 The accuracy of adjusted horizontal co-ordinates shall not exceed 0.05
metres at the 95% confidence level. The accuracy of 0.05 metres is based on
the diameter of the beacon signal pipe hole in the top of the beacon, which is
0.05 metres;

B 8.4.4.3 The accuracy of adjusted orthometric height co-ordinates shall not exceed
0.30 metres at the 95% confidence level. The accuracy of 0.30 metres is
based on the minimum accuracy required for vertical angles, being 5”, over a
distance of 7,5 kilometres, which is the maximum spacing between
trigonometrical beacons within a tertiary triangulation network.

B 8.4.4.4 The accuracy of adjusted three dimensional ellipsoidal coordinates, within
the latest official ITRF determination, published by the IERS, shall not
exceed 0.01 metres at the 95% confidence level. The accuracy of 0.01
metres is based on the error budgets within the GNSS control segment and
accuracy of the phase centre of the antenna;

B 8.4.4.5 The Precise levelling for the orthometric heighting of the TrigNet Stations
shall comply with limits of error for Primary, Secondary and Tertiary Levelling
as stated in paragraphB 6.4.1.1.
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SECTION C

Supplementary Informative Elements
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C 2 Annexures

C2.1 Trigonometrical Beacon Construction Sketches
(TSO 1964a)

C 2.1.1 Standard beacon design, type 1 and 2:
STANDARD CONCRETE PILLAR : TYPES 1&2

STANDAARD BETONPILAARBAKEN : TIPES 18&2

Signal pipe
Sinjoalpyp Bell- shoped washer
Klokvermige waster
Upper beacon pipe
. , Boonste bakenpyp
‘Q
5 Stop
) Stut
= a
Beacon mould c S 6 <
Bokenvorm 3 &

bo—=
) T 7 a
Drain pyp o .- A A L

Dreineringspyp 'c_ .9 v Lower beacon pipe
T o <l Onderste bokenpyp
. Aa SRSV R
o A
50 a ’
Ry
R - )
g
= >
T [
. ’4
O
2 E 3

S e ! k Q0 3
//; g ¢ ‘._“ A o . a & o
Firm ground / () g & > ' $
Harde grond / £ > 4 a NP } o o o ///

T ) Ve

U\Y{

¢
L

N\

Iron peg
Ysterpen

a 1L 5 N 0
J - X a ' -‘0 ; Q . »a
b 3 ot Pl A =
Roch ANl v & . o« o
e ‘ 4 Rots/ C0G ORE s A
Clay or turf S, B
2" layer of sand Klei of turfgrond Centre hole T2
2" laag sand Middel boorgat

QLAS SD 1_NCSN_v4_2020_03_26 Page 35 of 65



C 2.1.2 Standard beacon iron casing:

IRON CASING FOR STANDARD CONCRETE PILLAR
YSTER BAKENVORM VIR STANDAARD BETONPILAAR

C'F)
L] .
Each mould is supplied with
9 bolts and nuts, size Yax i, 1
diameter.
Elke vorm word met 9 bout- ol |e
Jies en mgert”'es verskaf,
grootte Wo"x 1. deurcnce.
< .
L ] -
e °
- -
\_'4 _'_’—-/

/]

~,

“ ’T“

n

"A" Quality Galvanised iron 18 gauge
"A" Kwaliteit Gegalvaniseerde yster 18
yYkmaat

T

All holes drilled or punched
4" diameter

Al die gate V5 deursnee met
deurslag of boor gemaak

-

N S S 7S S S, AR

1

oy
e

(l re
&
o
P

N S Y
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C 2.1.3 Reinforcing standard beacon on roof:

REINFORCING FOR STANDARD BEACON ON CONCRETE ROOF.
BEWAPENING VIR STANDAARD BAKEN OP BETON DAK.

[ 2 Beacon

Baken

M

| 6"
| 1 Dak van
7//// K

3 reinforcing steel rods
3 yster stowe vir bewapening

Roof of
Reservoir

Centre pegq,

“r2* round iron
Middelmerk

2" ronde yster i
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C 2.1.4 Standard iron signal:

STANDARD |IRON SIGNAL
STANDAARD YSTERSINJAAL

T AYREw \

¢
|
i

8" s e 12
o B ’ 9
1 L |
) o o
i .o}-l 5"
p N e [dpt— ’, h 1.7

le 1" |nternal diameter
1" Binne deursnee

3% P
Detail ot clamp

(Holes tor Y4* diam. bolts)
Besonderhede van klem

(Gate vir 4* deursnee
boutjies )

Ve

3k -
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C 2.1.5 Standard beacon in loose sand:

DESIGN FOR BEACON BUILT IN LOOSE SAND
ONTWERP VIR BAKEN WAT IN LOS SAND GEBOU WORD

\ 4 x 6 iron standards
4 x 6 ysterstaanders

% round iron for reinforcement
=y % ronde r vir bewapenin
s ok - yste P ]

| ‘ [ 1 4:x 15'_ corcrete pillar
\ / A'%x 15" beton pilaar

— = "W 4'x9-12" concrete foundation
4'x9-12" beton fondament

4’x 18" concrete pillar
. d . - .
" 4’x 15" beton pilaar

'/.;.round iron threaded through tep
_holes of standard

» Yarondeyster deur boonste gate

van ysterstaanders gevl
Ground level ysters nde gevieg
Grondopperviakte = ~ T T T T 1T T T e P S W U
/ . - -
Tk}.;-'-s’.\ 4'x9-12 concrete foundation
4%9-12" beton fondament
B — ,l"\_
"'I\,
'\:,\
| W
I \
\ &' iron standards

\ —" &  ystaerstaanders
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C 2.1.6 Standard beacon on platform, type 3:

STANDARD BEACON ON

PLATFORM @ TYPE 3

STANDAARD

BAKEN OP

PLATFORM : TIPE 3

Bell -shaped washer
Klok vormige waster

Dreineringspyp

Concrete platferm

(core ot large stones
packed with crushed

™~

—

stone)

Betonplatform
(groot klppe met

betonklip n die mid-

de! gepak )

/ o c"\} J_
o0 \JI~A'
Firm ground Fy Wi e,
Harde grond / aC> 9 RAISCT I

/

Dramn pipe ¥

w3

-~
e

T
g

o
. 9
$ e

Cr
i

[

A~ S S

o)

O

9 pypring
f H&_:.-a— — O] |
.ﬁ ' Q o

YN,
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Standard concrete pillar
Standaard betonpilaar

Pipe collor, "

Step (1" diam.pipe )
= Trap (1" deursnee pyp)

Py

ki A'Q.:. ;‘O :
60“. n° O na‘?
/7
///////// / //
«~.. Iron peg
Ysterpen
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C 2.1.7 Standard beacon on stone platform:

STONE PLATFORM 2 TO 4 FEET HIGH
TO BE ERECTED AT BEACONS
NOT READILY ACCESSIBLE BY MOTOR TRANSPORT

KLIPPLATFORM 2 TOT 4 VOET HOOG

GEBOU BY BAKENS
WAT NIE MAKLIX DEUR 'N VOERTUIG BEREIK KAN WORD NIE

Gewone sipa n0Y0 — - .|_ Morma/ siaal and proe
/4
4
% 5
// 7
%

L Swartysteroyp. I Black-iron ppe

,l_ /5" Diomecer cotwnn

Observing piattorm
i1

Herght
of platrerm
a5 spec/ifred

Grondhoople | ihes #pppres, [ ¢ Eround /eve/
grond en Xkes 3 4
I I
Micceimerk |
Centre Mark
/5 J
< -
8-
e binredee! van Gie wWaIrnemingsplaliorm 7he abserving pletform must be so packed,
moes SO _gepsk word mel Al Klgpes, using smell stones, earth and cley wr the
Srond en kler del dear geen deweging core, bhat Lhere is mo mowement of the packed
van die Appe 1S e, So0rE i1 wasrnemer Slones when & odserver maoves reund {he
rondom die Sokern beweeg. beocon
Dre boonste e/ var ke pinTarmr moed The Lo of the pllrarm must be séremplhened
Lussen owe boonste Lwee ive Alpoe with mordar ploced belween Lhe Yirst fwo
sowe/ @5 lussen ole boonste Alpoe layers of séone 35 wellds belween the
el morée/ versterk word. lop stones
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C 2.1.8 Standard upstation beacon, type 4:

STANDARD UPSTATION : TYPE 4
STANDAARD PYPBAKEN : TIPE 4

Standard signal

Standaard sinjaal

Pipa lined with
siceve

Pyp uitgevoer met
nouer pyp

s

Pipe, 2"diameater
Pyp, 2"deursnee

Concrete
Beton

777

-8

Firm gound
Harde grond
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C 2.1.9 Pipe beacon, type 5:

PYP BAKEN MET PLATFORM:TIPES

Standard signal
Standaard sinjaal

Flange for theodalite support
Flens om teodeliet te dra

Wooden sleeve
Houtblok

Stop, =2

Stut

. lron pipe 4" diom —*
Ysterpyp 4" deursnee

«—— Observer’s platform
Waarnemens se platform

Iron pipes (1inch d.) bolted
together to form o support

for the observer’s plotloN

rver” fatform
Ysterpyp (1'deursnee) aan- 3”” ecs.-p e
mekaar gebout wat dien os stutte SaRnemainers:Smplakonn
vir diewagarnemer se platform

— Hoopiron strap to serve
—— as step forobserver

Hoepelyster wat dien as trappe

Iron standard
Ysterstaander s

i/

Firm ground
Harde grond

Concrete foundation
Beton fondament
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C 2.1.10 Block beacon, type 6:

BLOCK BEACON : TYPE 6
BLOKBAKEN . TIPE 6

Standard concrete pillar

Standaard betonpilaar Railing (®wsq.iron)
_.T_.. Tralies (Sw'vierkontige yster)
’ .
3 Hand-hold
16 —— (step in slanting position)
L I PSR 4 Handvatsel
1 (trap skuins geplaas)
1 . | T Reintforced concrete siob
T Bt Gewapende betonblod
14 ) § =
e | Step (®wiron)
. - T “Trap (wyster)
) ) |
¥ i 1
3 S § A1
1 I
T K T
) S |
I | I
1 1
1 ) | 1
I I
1 | 1
I 1
’ | | M
24 — Reint lab
—1;— SRBATCARD enforced concrete s
) RS Gewapende betonblad
lI 1
TR e |
1 I
1 B 1
1 |
1 I  §
1 . ) | .
174 ) R
I T
o (2SS ¢
5 T
| ==
1 X I
T ) (2
1 X |
I I
) | 1
1 |
§ D SRy |
Cround leve | — - - = 4i-‘5 —— "
wiy Wit enillely einforced concrete
Seondhiogte dams ~ TRV e ']\~ —foundation approx.15 ins.
—_— ) deep
b 66— Gewapende beton
fondament engeveer 15 duim
diep,
T =T
1st LAYER #6 - Hote
1ste LAAG In these sketches no account
Y T has been taken of the layers
of cement between the blocks.
p——# 66—  In practice.therefore, the di-
mensions of the platform will
| | be slightly different from those
given here.
2nd LAYER ] I
2de LAAG L ] Nota.

1 In hierdie sketse is die dikte
von die sement tussen die
betonstene buite rekening

1 gelaat. In werklikheid sal die
groattes effens meer wees 0s

4th LAYER = = Wwat hier cangegee word.
dde LAAG :l
— =
1
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C 2.1.11 Block beacon bricks:

"HOMEBUILDER" MOULD
“"HOMEBUILDER" VORM

CONCRETE BLOCK |
BETON STEEN

INNER SLIDE
BINNE SKUIF

This end of inner —

slide hinged

Hierdie hoek het'n . Foot- plote
skanier Voetplaat

Handle
Haondvatsel

QUTER CASE
BUITEKAS

Recess for thumb.
Gaping vir duim,
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C 2.1.12 Block beacon step:

IRON STEP FOR BLOCK BEACON
YSTERTRAP VIR BLOKBAKEN

14”

i\k\ J Right Angle
Right Angle

= Reghoek
Reghoek \ \
- 1" o

MATERIAL: 54" x 34" round mild steel
MATERIAAL . 54°x 3/4 ronde yster.

DIMENSIONS OF STEP: 15 13" x 67 (as per sketch).
GROOTTE VAN TRAP: 15x1315x 6" (soos in die skets aangedui).
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C 2.1.13 Block beacon step and railing:

CONSTRUCTION DETAILS
KONSTRUKSIE BESONDERHEDE

Eixing_of step
Inbou von trap

Inset showing corner
joint of railing

Infos wat hoek van
tralie aontoon

Washer
Waster

Railing
Sketch showing position of
roiling on top layer of blocks.
The mould and reinforcing for the
concrete slab are not shown
Tcgllg 'l

Die skets toon aan die ligging van
die tralies op die boonste lacg

betonstene-Die vorm en
gewapende betonblad word nie

gewys nie
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C 2.1.14 Block beacon foundation in deep sand:

BLOCK BEACON FOUNDATIONS IN DEEP SAND

BLOKBAKE N FONDAMENTE IN DIEP SAND

,
| (3 3, [ O
‘-._T"' R g"t' E > 1
1 = =
1 R P
I i T L1 Cement slobs 18" square
IT T LI / and 1V2" thick
1 /
Alnbiy. {9 (RS T I T Ll Sement plaveistenc
Plaval stene word\ P
l0s gelé, LI LI a &3 | / vierkant en 1 i
I, R
i € 1L -
(A v l 4
S G 3 8
R B SRt
- - =

Reintorced concrete foundotion
11(. below ground level or

A R
Deep sand — i
Diep sand : ‘ - 3 deeper.

Gewapende beton fondoment

! vi. laer onder dic opper~

viaokte van grond

In sandy regions where wind moy expose and
undercut the toundations,cement paving slabs

should be ploced os shown around the beacon

In sanderige gebiede woar wind diec fondamente
kan oop weaal en ondermyn wond sement
plaveistene gelé op die manier hierbo 3003

gewys.
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C 2.1.15 Block beacon, type 7:

BLOCK BEACONS HIGHER THAN 34ft.: TYPE7
BLOKBAKEN WAT HOER AS 34 VOET IS : TIPE?

Standard concrete pillar

Stondoard betonpilaar ——
Railing

1 Trolies
¥ Hand-hold insloping position

16" 4// Handvatse! in skuinsposisie
'1' T LR SR |

| S | ~—— Reinforced concrete siab
Lo Gewopende betonblad

T  Co——

- Trap
34 [

The upper section is similar
to the bilock beacon Type 6
I I " T Die boonste gedeelte stem
| I T ooreen met die Tipe 6
1 — blokbaken.
| 2=
% V2 | : 1 .
+ §_ DR TS LR _Reinforced concrete slab
- - [ T Gewopende betonblod
| 1 I 1
I T |
‘ _T_J_T_X_L_Lrﬂ_
sl, o e e
| I I 1
\ 1 1 T
| T T T
| 5 ¢ 1 | 018
i R () B s
_'_FLT'J—I’—L‘ The base section has walls
16 L, R TS ___of double thickness details
‘ ¥ tL_LT_I—l—“ of which are shown below.
Y Die onderste gedeelte bestacn
| . uit'n dubbel muur. Besonderhede
-l—‘—L—'I J,,T_L_ word onderaan verskal
8’ 8 & L
| | —
| | ] |
‘ I’—L‘ l Grond [ Ground

S '/ Q o a.- p» “ ',./«/,’_7',;;7;7;;7;;;////f/¢
G // R Lo il T 27 Qo s[7*F—Reintorced concrete
SO TTTTIT 77 eIl 7 e foundation 18" deep.
}t——————-'lO'———-l Gewapende beton fondoment
Note 18" dik.
In these sketches no account
has been taken of the loyers
of cement between the blocks | 1{ i | 1 : st LA;%‘GR'
In proctice. therefore, the 1ste LAAG
dimensions of the platform witl | ]
be slightly dif ferent from those & - |1
given here 4 L
Ty ¢l
Nota. Al
In hierdie sketse is die dikte van p—s
die sement tussen die beton -
stene buite rekening gelaat. N
In werklikheid sal die groottes \. 2nd LAY %B_
effens meer wees as wat hier : 2 AS
aangegee word | [ 1 } :
ES + Galvanised hoop iron tie
L - See Annexure V.
- — ‘/ Gegalvoniseerde hoepelyster -
Jea o 7 = strokies. Verwys na Bylae V.
1
T+
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C 2.1.16 Block beacon double wall section:

CONSTRUCTION DETAILS OF DOUBLE WALL SECTION OF BLOCK BEACON

KONSTRUKSIE BESONDERHEDE VAN DUBBELMUUR GEDEELTE VAN BLOKBAKEN

1.
18" jz_ 18" "
1st LAYER Hie +
1ste LAAG :
?'I 77 . 8"
3" > \ \ e o 31‘;
) , N\ \ 4 ‘ -
o —asde=ind ’3
18" \ x
"\
73 3 18"
Hoop iron tie AN :
Hoapelyster /.*———:::1 | et )
18" \ A7 13
e el
1" \ 18"
- \.,':::HL1113
- 8' &
3, L
. Av T
8 r Al I a"
kS f: o

- . - \ - -
8" 34 18 1 18 1 18 3 8

Galvanised hoop iron ties (12"long) are to be laid as shown
above layers 1,59 and 13 in each B ft section of the base.

Gegaivaniseerde hoepelystar strokies (12" lank) moet soos in die skets

aangetoon. ingebou word. Dit geld vir lae 1,5,9 en 13 in elke 8
voet.,

2nd LAYER

2de LAAG
Hoop iron tie | e RSN s
Hoepelyster "‘fr‘“‘\ ~‘:\ J
-4 18" s AL
> | [
Ya o P
Ends bent over :7a /2 |18
p }
Y4 Omgebtuig aan
albe: ente . 4 ’
18 )
Z s
112.1 - r‘_‘{
18 - 0
!
X

K et}
8" 3; 18" L - 1"

-
18" 3, 8"
Galvanised hoop iron ties (12" long) are to be laid as shown

above layers 2,.6,10 and 14 in each 81t section of the base.

Gegalvaniseerde hoepelyster strokies (12"lank) moet soos
In die skets aagetoon ingebou word op lae 2, 6,10 en 14

van elke 8 voet seksie van die dubbel muur.
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C 2.1.17 15m Windmill (Observation) Tower beacon, type 8:

M xSRI O
s T O DY e

e W ®

ARBLEANIIN S ) WY ¥ SO T

LR AR M) W AT SRR
1TO ST FOL 20 R T s 500

FaIV N Y L OISR
IV WY T TITRT FWELS SRR

TIT% TR 1905 GAWORvIS RIG7 TTTVETSRY)

YIROL NOTIVAS3SE0

A TV T Wi o (R
R e D e
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C 2.1.18 6.3m Windmill Tower beacon, type 9:

20 WINDMILL INNER TOWER WITH PIPE OUTER TOWER

(Verwys ook no Byloe x|

e L ASSEMBLY OF
20 WINDPOMP TORING MET PYP BUITE- TORING mhihe el Tal, | | Top oF WNER Towes
: fons han & golly wacd g nn_\‘d | MONTERING VAN
sakale by’ die pyp bate-toring.geios : BOPUNT VAN BINNE- 'DRIM;

ELEVATION
VOOR AANSIG

Siew Wnset and Annexure
Shen inles en  Byloe

Frange.
Flons

Reducing socket.
Vasinapent

2% 2% W Angle wron,
2% 2'x W’ Hoekyster

3 Plpe.
¥ Pyp.
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o
b‘) 2 Pipe socket
S Wi ¥ Pyossk
72 Vedorm Timaars
- . l: I'.:'V‘ Nn"\vlm sttt
AN LY NS R Yy LY b Lower guide,
1 é Onderlelen,
Top foyer cut to sult
inoer tower
Standard 20" wiadmill /
_tower Boonste olile gesny
I r.mm 20" windpomg - PLAN / 7 bine - toning 1= pas.
t', £
® L Cuter pipe tawer
P=——"""""""yp buite tering — =
.y B=e
x é LADDEA : Standore 20 windmill l — — =
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C 2.1.19 6.3m Windmill Tower flange:

i

Signal Pipe / Sinjaalpyp
Telescopic pipe
Teleskopiese pyp
Cencrete !/ Beton

a"pipe | 47pyp

Standard flange screwed
down into reducing socket

Standaard flens aan
g loopsok vasgeskroef
1Z thick wooden ring
1“£°dik houtring

ver-

-
y—— —— Reducing socket screwed down
till tight

Verlcopsok vasgeskroef

VARV VAR S L R ERR ATV A R A

\ Tower cap.
¥ Toringdop
'§ 7
Concrete / Beton

1%« Thick wooden ring
1%, Dik houtring
2" Pin riveted
12" Pen vasgeklink
g
3“pipe / 3'pyp

304
3-

Pipe connection socket
Pyp konneksie sok

Wa i H
2 T

Z

” o~
A —
.

l.ower guide.
Onder-icier.

TO FIT FLANGE DIRECTLY ONTO

REDUCING SOCKET ON 20 WINDMILL TOWER

OM FLENS DIREK OP VERLOOPSOK

VAN 20" WINDPOMPTORING VAS TE HEG
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C 2.1.20 Alternative method to erect Windmill tower:

ALTERNATIVE METHOD OF ERECTING A WINDMILL TOWER
ALTERNATIEWE METODE VIR DIE OPRIG VAN ‘N WINDPOMPTORING

Hauling rope

Pulley attached

to back ot vehicle
Litt hire N\
and support ™,

Katrol aan
agterkant van
voer Ly,

AT

prals

/
"> Foundation holes
Fondamant gate

T~ Guide 1 upc./
Stuurtoue

1 Pivot /"'/
Bl t—tfi' Y *——__ Anchor standards
ipyp Anker staanders
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C 2.1.21 Metal tripod beacon, type 10:

METAL TRIPOD AND SIGNAL
METAAL DRIEPOOT BAKEN EN:-SINJAAL

44 :cntre

1hgat

&)

Groove
Groewe

Y tiat iron

\ T Vg plat yster

Hole for /8, bolt.
Gat vir /8 bout.

Flat iron btnt pack to an
angle of

o) PLATE
. WAARNEMERSPLAAT FPlat yster lnruggahmg om
‘n hoek van 120° te vorm.
Signal pipe
Sinjaaipyp
“‘H""L-f' 1h-_-‘-_\_
! =4 Flat irom —
%: : . VaPiat yster \\ 3’3 Bolt
o 14 socket v
I 1 sok

11"4' pipe with
SCNW thread

VI ==A!

concrete
beton
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1
J Drainage hole
1% Dreineringsgat

"4-:( 11"5 .f.lat iron
4" x 1¥2 piat yster

\
\

TRIPOD
DRIEPOOT

Cantre mark
Middelmerk
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C 2.1.22 Metal tripod beacon on water tower:

REMOVABLE SIGNAL
VERWYDERBARE SINJAAL

4 to 6 Concrete blocks are packed
symmetrically round the frame to
Kaep the signal in position over the
centre mark.

4 tot 6 Betonstene word simmetries

om die raam gepak om die Sinjaal bo -
oor die middelmerk in posisie te hou.

METAL TRIPOD ON WATER TANK
DRIEPOOT METAALBAKEN OP WATERTENK

Z/C" l/, 7 ///[/ir o,
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C 2.2 Benchmark Construction Sketches
(TSO 1964b)
C 2.2.1 Fundamental benchmark:

FUNDAMENTAL BENCH MARK
FUNDAMENTELE HOOGTEMERK

— 12" ——»
Brass Stud
I~ Geelkoperpen
@ A
F. @ 9 |
&
9> o, Bl
rr— < @ - 0 e rGround Leve | #rmrrzrrm ity
L & N > Grondhoogte
‘ N o
P b() o T
le—as 580 e
« o _ (94 >
% (" o .-.QV
. PR T ® & 2 Concrete Slab
o () 18 x 18 Betonplak
o < = [ 1«
T 9 - o e S '-"’f_'-' ) -
™ ¢ 12 —
@ o e ” ] o
e @ o IS .| 12
R [ o
8 4 oM Brass Stud | — -,
= T = . ®-- Geclkopcrpcn_ ¥ 4%
L) . -8 -
A A 9 _"; n' :', :
S %r. Y ; G ‘-.
Salieds ROV m %\2 =3

SECTION A-B
SEKSIE A-B

20"

PLAN
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C 2.2.2 Main or Intermediate benchmark:

MAIN OR

INTERMEDIATE BENCH MARK
HOOF OF TUSSENHOOGTEMERK

Brass Stud

\/T"\/’ B o
- ®

Ground Level

Grondhoogxc

-
L b 7
——— 18—
.' © > e
-
Ay -
@« & e o
. ©
o
° o o
o o
o
o o
Y & * -~ o
24" >
SECTION
SEKSIE

Brass stud In a concrete
in the ground,

block embedded
Geelkoperpen in n gedeeltelike

ondegrondse betonblok

. Brass Stud
Geelkoperpen
L
4
Live rock Soliede ror.sﬂkkm
Brass stud In concrete on a rocky outcrop
Geelkoperpan In beton op soliede rots.
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C 2.2.3 Brass stud for benchmarks:

BRASS STUD for BENCH MARKS
GEELKOPERPEN vir HOOGTEMERKE

SCALE ! FULL SIZE
SKAAL NATUURLIKE GROOTTE

_;|

2 >

l

| |

R |
1

1\

|
R

34 | I I 1
~ T, . e
i — —per o
— —&%6’
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C 2.2.4 Wall benchmark:

WALL BENCH MARK

MUUR-HOOGTEMERK

g ¢
% | Yazter
Va 1/8 3/3 1/3 3/3 1/8 // - 5/3 TS
T A ¢
\ A X O I [ .
At T vy, A .
/;l. : | I :: _,L.
7 L f (*
i i
T
7/ o am
C '_/_ v .-. -
Sement /7>\ P N
wall of Building _— N
Muur van Gebou //
e
;
SECTION
SEKSIE

WASHER — WASTER

The bench mark Is grouted in the walls of permanent

at a height of about 18" above

Die hoogtemerk word op 'n hoogte van 18" bo die grond

the g

buildings
round.

in die

mure van permanente gcboue vasgemesscl
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C 2.2.5 Benchmark record:
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Town Survey Mark Construction Sketches

(TSO 1964a) (TSO 1962)
C 2.3.1 Town Survey Mark:
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C 2.3.2 Town Survey Mark 2020 (TSM2020):

DESIGN FOR
TOWN SURVEY MARK 2020

- ——0.60m — _""‘

0.45m

20mm x Z25mm
304 stainless steel with
200mm T-joint.

——— 12mm x 600mm
reinforced iron @ 45°,
200mm in concrete,

Figure 1: Perspective View

Dimensions:
All casfings must conform to the dimensions on the plan.

Concrete mixture:
One part cement, three parts sand and four parts 26mm gauge crushed stone.

Point Reference lettering, Location Reference lettering and triangular shape:
Impressed in top surface of the block before cement sets, using aluminium or plastic dies.

Point Reference |
0.60m

. 20mm x 225mm
‘JM stainless steel with
*?_Dt]mm T<joint.

12mm x G00mm
reinforced iron @ 45°,
200mm in concrete,

Figure 2: Top View
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C 2.4 TrigNet Base Station Construction Sketches

(TSO 1964a)
C 2.4.1 Signal clamped to wall:

SIGNAL CLAMPED TO WALL
SINNJAAL TEEN MUUR VASGEBOUT

I glios
y
ok
T Y e S O
s e e
JIL‘J;IH—iL“
= Lil
B e b B 50

DETAIL OF CLAMPS
BESONDERHEDE VAN KLEMME

%_ Ragbolts set in wall
% Steenbout in muur vasgesit

l\/ \/
1 ™4
! 1
! %
| Wall Muur |
FE— S
% x1% Iron clamps l { - J 1 ! s
4 N T Y | v >
Ya'x 1% Ysterklemme 57 [Ll—m j - j-] 1;2,.__ Y
=
o =
Signal Pipe
Sinjaal Pyp
|'1'-‘ 1% x % Slot to take % ragbolts
= - » g - b ¥
.|%|.1;5.| kb 1%4 X} 172 x % Gleu! vir % steenboute
7 .
1% @ — 4 19{~ Iron clamps
s % *1% Ysterklemme
flmiaio . J[w__.{
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C 2.4.2 GNSS Antenna phase centre:
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