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1 APPENDIX A

TERMS OF REFERENCE

In order to consider the feasibility of a rail rapid system for 
Johannesburg, the firm of consulting engineers will have the 
following main points as their objectives.
1. Recommend

1.1. the route location for 1985 permitting extension 
to take place in the post 1985 period,

1.2. the type of system whether monorail or duorail 
which will be the most suitable,

1.3. the station location and spacing,
1.4. the most suitable station layout and best means of 

operation, and
1.5. certain technical features necessary for the 

efficient operation of a rail rapid mass transit 
system.

2. Estimate
2.1. the capital cost and
2.2. the annual operating cost as well as
2.3. the fare structure.

3. Suggest the form of controlling authority
The main objectives will give rise to the following detail
points which must be investigated and recommendations made 
with adequate justification.

1. Route Location
1.1. Central Area

To determine the best location of the routes in the 
Central Area in order to give the maximum coverage 
with the least travel distances bearing in mind the 
need for convenient passenger interchange between 
different routes.

1.2. Outer Areas
To determine the best location of the routes so as to 
serve the largest number of potential passengers in 
order to reduce the adverse qualities of a linear 
service as much as possible.

1.3. Grades
To recommend the value of the maximum grades for the 
proposed system without the power consumption being 
excessive and speeds too low.

1.4. Facilities for cross over and staging (sidings) must 
be recommended.

2. Stations
2.1 Spacing

The station spacing to be such that the greatest
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number of potential passengers are served without 
reducing speeds excessively.

2.2. Location
The station location to be such that the greatest area 
coverage is attained at the origins and destinations 
of passengers allowing for a x/ \ mile radius as 
acceptable.

2.3. Passenger Handling
To recommend the most suitable means of handling 
passengers at the stations with regard to fare 
collection and facilitating the boarding and/or 
alighting of trains as well as the distribution of 
passengers onto the city streets without unduly 
congesting sidewalks.

2.4. Length of Station
To recommend the length of station platforms in 
conjunction with the maximum length of train units as 
well as the shorter lengths of units which may be 
recommended initially before capacity is reached (see 
5. 1. )

3. Type of System
Whatever system is recommended, it is essential that the 
trains will have to move below ground level in the high 
density areas. In the outer low density areas, especially 
along the motorway corridors, the trains can then rise and 
operate at a level the same as the adjacent motorway 
carriageways or at a level elevated above.
3.1. Monorail vs Duorail and Rail Type

The most suitable system i.e. monorail, duorail or 
other system currently in operation must be 
recommended and justified. If duorail is considered 
to be the most suitable, then steel tyred or rubber 
tyred wheels with the type of road bed must be 
recommended.

4. Maintenance Yard
Discuss and comment on the location of the maintenance yard
and recommend the most suitable size and the type of 
facilities required for the maintenance of vehicles necessary 
for such a rail rapid transportation system and its future 
needs and additions.

5. Operation
5.1. Train Sizes and Headways

Initially the system must operate below line capacity 
and the combination of train sizes and headways 
necessary on each route must be recommended. 
Recommendations must also be made with regard to train 
sizes to cater for various increased volumes up to 
line capacity.

5.2. Speeds and Maximum Acceleration
To recommend the maximum acceleration, with regard to



passenger comfort, at which trains should operate in 
order to reach top speeds in the shortest possible 
time. To further recommend the maximum operating 
speed with regard to desirable travel time, line 
geometries, passenger comfort and power consumption.

5.3. Gauge
If duorail is recommended the most suitable gauge, 
which will give the best operating conditions and in 
line with modern practices abroad, must also be 
recommended. It is not envisaged that any connection 
with the South African Railways will be necessary.

5.4. Tunnel Size
The optimum diameter with due regard to economics, 
operation and construction difficulties must be 
recommended.

5.5. Degree of Mechanisation
Discuss the effects of various degrees of automation 
bearing in mind available labour. Suggest a personnel 
structure.

Rolling Stock
6.1. Carriage Types

The design of carriages with regard to doorway openings, 
seating arrangements, capacities and load standards, 
sizes, etc., to be investigated and the most suitable 
configuration to be recommended.

6.2. Degree of Comfort
A recommendation to be made as to the degree of 
comfort in the trains and stations, which must be 
considered for the passenger in order to accomplish a 
voluntary change of mode . Provision of facilities 
such as air conditioning, escalators, travalators, high 
class interior decoration, etc. to be considered.

Technical
7.1. Power Supply

The best form of electrical power supply with regard to 
distribution methods, voltages, AC or DC etc. must be 
recommended.

7.2. The extent of automation for the best operation of the 
trains must be recommended.

7.3. Braking
The degree of regeneration braking must be recommended.

7.4. Signalisation
The best method of providing and controlling 
signalisation and the degree by which this should be 
operated and controlled manually must be recommended.

7.5. Train Units
The most suitable configuration of train units with 
regard to type of coach and numbers of each must be
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recommended. Driver coaches, trailer coaches, motor 
coaches and the need for every wheel to be motorised.

8. Cost
8.1. Capital Cost

An analysis and breakdown of the capital cost involved 
in the construction of the recommended system to be 
undertaken.

8.2. Annual Cost
An analysis and breakdown of the annual operating cost 
as well as the annual cost of interest and redemption 
in order to redeem the capital outlay over a period of 
time. A recommendation also to be made of the 
optimum period over which the capital must be redeemed.

9. Fares and Fare Collection
A recommendation to be made of the fares which should be 
charged in order to offset completely the total annual 
operating cost. The recommendation to detail whether the 
fares should be uniform or variable according to distance 
travelled. The recommendation to further detail whether the 
fees charged at park and ride garages to optional car drivers 
as well as bus passengers, would include the train ride to the 
central area, and if not, what the best alternative principle 
of fare imposition would be.
Analysis to be carried out of modern methods practised abroad 
for the collection of fares and the handling and control of 
passengers at stations and recommendation to be made.

10. Justification
By considering the above to comment on whether a system of this 
nature would be justified in terms of the demand volume at 
various stages in time.

11. Controlling Authority
Recommendations to be made as to the probable and most suitable 
form of organisation to be considered for the control and 
running of the rail rapid system. Regard to be given to 
governmental (local as well as central), metropolitan, private 
or any other body.



1 APPENDIX B

ROUTE AND STATION LOCATION

1. Route Location
1.1. The recommended system is designed to comprise by 1985 

two lines, as shown in Figure 10, of a total length of 
22.65 double track route km (14 miles), viz:-
(a) a North-South Line from ROSETTENVILLE in the south 

to BRAAMFONTEIN and thence by two branches, one 
via HILLBROW to ORANGE GROVE and the other via 
PARKTOWN to RICHMOND

(b) an East-West Line from MAYFAIR STATION (S.A.R.) in 
the west with interchange with the North-South 
Line at VAN DER BIJL SQUARE and thence to JEPPE 
STATION (S.A.R.) and BERTRAMS.

A table of inter-station distances is given at the end 
of this Appendix.

2. North-South Line
2.1. Southern Section (starting from the southernmost 

station).
ROSETTENVILLE will be at the intersection of TURF CLUB 
STREET and ROSETTENVILLE ROAD. This, a mainly 
residential station, will be constructed in open cutting 
inside the Turf Club property. One entrance will be on 
the site of the small public lavatory on the course; a 
subway should give access to the east side of 
ROSETTENVILLE ROAD.
There is already a good bus pull-in for the Nos. 43 - 
47 bus groups on the northbound side; a similar lay-by 
will be required on the southbound side. The Nos 53,
54 and 55 buses will continue to give lateral 
connection from the BOOYSENS direction. The line will 
run in open cutting (or cut-and-cover) along the edge 
of the racecourse, swinging left under LA ROCHELLE 
ROAD to TROJAN. at the TURFONTEIN ROAD fork, where the 
station would be fed by the Nos. 48 and 49 bus groups. 
Here a spur will give access to the rolling stock depot 
for the North-South Line. TROJAN would be a shallow 
tunnel station with the entrance on the road frontage 
of the J.T.D. bus park. Reversing facilities would be 
necessary at this station The traffic would be partly 
residential and partly industrial. After crossing below 
the Rand Mineral Railway, close to BOOYSENS station, the 
route continues in cut-and-cover under ELOFF STREET and 
LOVEDAY STREET to a station in VILLAGE ROAD, SELBY.
SELBY, the second of the industrial area stations in the 
south, should have good and well advertised access from 
the large municipal car park and the old WEMMER BARRACKS 
site. If there were any eventual possibility of the 
carriage of non-whites on the rapid transit system, the 
alignment could run more easterly, under ELOFF STREET 
Extension, to give low-level interchange with the S.A.R. Station at FARADAY.
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2.2. Central Area.
Crossing VILLAGE ROAD, the tunnels swing under the 
WEMMER car park side to the alignment of RISSIK STREET, 
reaching VAN PER BIJL SQUARE. This station with 
platforms between MAIN and COMMISSIONER STREETS 
provides the main interchange between East-West and 
North-South traffic. The East-West Line platforms 
would be positioned along COMMISSIONER STREET with a 
subway connection to the car park. This will be one 
of only two or three double-ended stations on the 
system, with entrances in both RISSIK STREET and ELOFF 
STREET. There would be good bus interchange to and 
from rail. The proposed layout at VAN DER BIJL SQUARE 
is shown in Figure 8.
The bus services terminating at VAN DER BIJL SQUARE 
will of course need to be completely reshaped. Most 
of the southern group of routes will have become 
feeder services to ROSETTENVILLE, TROJAN and SELBY, 
and the eastern group from BEZUIDENHOUT VALLEY and 
KENSINGTON to BERTRAMS or JEPPE STATION. This will 
make the VAN DER BIJL SQUARE bus terminal available 
for a large number of the on-street bus terminals at 
present concentrated round the City Hall, the removal 
of which is one of the objects of the whole scheme.
At VAN DER BIJL SQUARE there would be a reversing 
siding between the tracks south of the station.
Continuing as near the surface as possible, the line 
would run due north under RISSIK STREET to a station - 
PRITCHARD - at KERK and PRITCHARD STREETS. The south 
end of the platforms at this prestige shopping 
station might be given short escalators surfacing, if 
the facility can be negotiated (as in a number of 
European cities) , inside the ground floor corner site 
of STUTTAFORD'S Department Store. Alternatively, 
there is a single storey building on the diagonal 
corner called "TOPIC", which might be acquired.
The reshaped bus services - in particular the Nos. 27 
and 28 Routes from BEZUIDENHOUT VALLEY - should 
continue to feed this station via PRITCHARD STREET 
and Routes Nos. 22, 23 and 24 and 18, 19, 20 from 
HILLBROW via BREE and JEPPE, instead of terminating at 
the present on-street sites along LOVEDAY, could be 
extended westward through the new office area west of 
DIAGONAL STREET to termini on the Power Station development site. North of PRITCHARD the route drops 
below the rising RISSIK bridge approach to NOORD 
STREET, which crosses under RISSIK at this point A 
station here - CENTRAL STATION - with stairs to 
RISSIK bridge, would be only 25 m from the S.A.R. suburban booking office. The tunnels would then run 
west of north below the S.A.R. tracks; if required, 
subway connection could later be made with the end of 
the main-line platforms for direct main line - 
underground railway interchange. It would also be 
possible to have a subway to a station entrance in 
LEYDS STREET between LOVEDAY and HARRISON BRIDGE,
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which would serve the S.A.A. terminal at the ROTUNDA, 
PAUL KRUGER House (S.A.R. H.Q.) and the developing 
area facing the old WANDERERS site.
A little under 1 km north of CENTRAL STATION would be 
the last Central Area station, at JORISSEN STREET in 
BRAAMFONTEIN. This would serve the new high-rise 
office area and also the Civic Theatre and the new 
Civic Centre. Section 4.1 of the main report 
describes how the layout of the junction at 
BRAAMFONTEIN will allow for future expansion of the 
system. There would be a scissors crossover south of 
BRAAMFONTEIN Station.

2.3. North Eastern Branch.
Beyond BRAAMFONTEIN this branch would climb on a 3 per 
cent gradient round a right hand curve of 400 m radius 
for nearly 1 km. This steady climb and the wide radius 
would enable the platform level at the next station, 
HILLBROW, to be kept within 30 m of the street level at 
TWIST STREET. This means that the escalator rise 
should be accomplished in one flight (i.e. no deeper 
than in London at Holborn or Leicester Square 
stations).
HILLBROW will be a heavy residential, shopping and 
amusement station. It is worth special consideration 
for architectural treatment, with shopping arcades etc.
Eastwards from HILLBROW, the tunnels would continue 
along under ABLE STREET to BEREA Station at TUDHOPE 
AVENUE. Traffic here will be mainly residential to 
serve the high-rise blocks of flats, which are still 
going up in the area. It is suggested that this is 
preferable to the originally proposed station in 
NORTH BEREA near the Johannesburg Girls' High School.
A station there would mean that the commuters would 
be obliged to walk northwards, down-hill and away 
from the city centre in the morning; they would 
similarly have to climb up the hill, retracing their 
steps southward, on detraining in the evening.
The next station - YEOVILLE - will be nearly 1.5 km 
to the north-east on a falling gradient at the 
intersection of CAVENDISH ROAD and RALEIGH STREET/ 
ROCKEY STREET. There is a small shopping centre 
round the area and an empty car parking lot on the 
corner for the station site. The small houses would 
bring a good working-class residential traffic, with 
movement to schools and local shopping between the 
traffics peaks.
North of YEOVILLE, the terrain becomes difficult and 
property changes to very high class suburban. After 
a long falling gradient, the tunnels should break 
surface north of HOUGHTON DRIVE and proceed in open 
cut. Along 2nd AVENUE, the tracks would run just 
inside the Golf Club property and then under LLOYD- 
ELLIS AVENUE. HOUGHTON Station would be double-ended, 
with an entrance at its west end leading to a large 
car park on the site of the present Golf Club car park.
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At the eastern end of the platforms, a short escalator 
would climb up the steep rise of OSBORN ROAD to a 
booking hall on the main LOUIS BOTHA AVENUE; a 
pedestrian subway should be provided under the main 
road. There would be limited foot traffic to this 
LOUIS BOTHA AVENUE entrance but otherwise, the west 
end (Golf Club) entrance would depend on car 
commuters being successfully attracted off LOUIS BOTHA 
AVENUE (with a bad right-hand turn in the morning peak) 
or the motorway, if constructed. Bus feeder services 
have already become badly congested by the density of 
movement along LOUIS BOTHA AVENUE.
In order to enable the buses, notably Routes Nos. 10,
11, 12, 13, 14 and 15 to feed the railway without 
jamming all these services into the congestion of 
LOUIS BOTHA, the line would continue for 900 m to the 
north east beyond OSBORN ROAD. This extension should 
be by surface/open cut, by acquisition of property 
behind the shops fronting LOUIS BOTHA. A number of 
minor estate roads, presently feeding on to LOUIS BOTHA 
- notably DAVIDSON, 5th, 6th, 7th and 8th STREETS 
could be closed. As well as saving the cost of bridges 
or tunnelling, this would improve the traffic movement 
along LOUIS BOTHA AVENUE, as has been proved by the 
Chief Traffic Officer's experiment carried out along 
OXFORD ROAD and discussed at the 22nd Conference of the 
Institute of Traffic Officers of Southern Africa, held 
at Windhoek on 15th/18th September, 1970.
The tracks at the ORANGE GROVE terminal station, on 
LOUIS BOTHAAVENUE, would be sunk in cutting, to enable 
two dead ends to be tunnelled under 9th STREET with 
stabling for one train on each. There would be a 
scissors crossover south of an island platform at ORANGE 
GROVE and, ideally, there should be some means of 
reversing in emergency at the penultimate station, 
HOUGHTON. This would enable a train service to be 
maintained north of BRAAMFONTEIN Junction in the event 
of trouble with signals or points or a defective train 
at the terminus.

2.4. North Western Branch.
The north western branch alignment is not so readily 
selected as the north eastern branch or the southern 
section. The phased opening of sections before 1985 
should certainly leave the north western branch till 
last, while ear-marking certain sites for possible 
stations. Between 1 and 2 km north of JORISSEN STREET, 
BRAAMFONTEIN, the City Plans show a triangle of high- 
rise development between JAN SMUTS and OXFORD ROAD with 
an area described as "Commercial and Shops" centred on 
the OVAL. If the north western branch were to be 
planned up its natural artery, it would be towards 
FOREST TOWN and the north, if development warranted it. 
As a result, however, of the replies in a most 
painstakingly conducted home interview survey, the 
Forward Planning Section have shown a desire to site the 
stations on this branch to fit in with a separately
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designed pattern of motorway corridors. It is this 
which requires the difficult curvatures and gradients 
made necessary by stations at ST. DAVID'S PLACE, SANS 
SOUCI PARK and the PARKVIEW GOLF COURSE in the City 
Plan. These do not fit in particularly well with bus 
feeder services, even allowing for considerable reshaping 
of the latter. It is not the business of this report to 
comment on the concept of the motorway programme or of 
its financial chances of completion. It will therefore 
be assumed that it will go through as set out in the 
City Engineer's Report, Part II "The Plan". The rail 
recommendations will therefore be restricted to 
suggesting a compromise, which may enable flexibility to 
be retained in the ultimate plan.
Without swinging quite so far eastwards as ST. DAVID'S 
PLACE, it is suggested that 1,200 m from BRAAMFONTEIN, 
a station - PARKTOWN - at the OXFORD ROAD end of 
ST. ANDREW'S ROAD would give good bus feeder connections 
and would serve both the proposed high-rise residential 
and commercial areas. If this branch is deferred till 
about 1980, it will by then have become apparent whether 
the plan for development in this area and for the 
motorways is really going ahead. In any case, it would 
be worth putting step-plate junctions into the tunnels 
north of PARKTOWN station during construction; an 
eventual further branch could then be added in a 
northerly direction, if desired, without interfering with 
the operation of the train service.
Swinging westwards, the tunnels of the north western 
branch could pick up the alignment of the planned 
motorway; but the topography here would be such that the 
line will still be in tunnel 25 m or more down.
1.5 km to the west, at the BARRY HERZOG corner of SANS 
SOUCI PARK, the clover leaf connections of the motorway 
intersection would make a most unsuitable site for a 
railway station - other than for the car commuters (again 
if they can be attracted). If, however, the tunnels 
veered south of the motorway at FRANK BROWN PARK, a 
station site could be formed in RICHMOND, not too deep, 
near the junction of EMPIRE ROAD and STANLEY AVENUE, 
where reshaped bus services could give some good feeders 
from the west and north west.
The tunnels at the RICHMOND station ought to be left 
pointing west and there should be dead-end sidings for 
two trains west, and a scissors crossover east of the 
platforms. In addition to some residential traffic, 
there is increasing industrial development to the south 
and west and some big commercial undertakings are already in the area.

3. East-West Line
3.1. Western Section.

The MAYFAIR western terminal of this line, with a 
scissors crossover east of the station, was planned to 
give interchange with the S.A.R. station. Owing to the 
depth of the latter in a cutting below street level and
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the two roads running immediately north and south of the 
cutting, cross-platform interchange is not possible and 
the rapid transit station will be in tunnel beneath the 
level of the main-line station, where a fair residential 
and shopping traffic may build up.
From here, the tracks will run in tunnel eastwards for 
1,100 m to FORDSBURG on AVENUE ROAD, an extension of 
PRESIDENT STREET. It is suggested that although the 
tracks should be widened out to allow back-to-back 
platforms to be constructed, this station need not be 
completed in time for the first section of the line to be 
opened, but could be added later, depending on the 
progress of local development.
Another 700 m east will be NEWTOWN station at the 
intersection of GOCH and JEPPE STREET. This station is 
sited to deal with the new commercial development area on 
the sites of the present power station, market and 
abattoir. From here the tunnels should be constructed 
under the power station site, before the latter is built 
on, and south eastwards to a station - DIAGONAL - at the 
junction of DIAGONAL STREET and WEST STREET, to serve 
the new STOCK EXCHANGE and office development area.

3.2. Eastern Section
Eastwards along COMMISSIONER STREET, after VAN PER BIJL 
SQUARE (described in 2.2. above and shown in Figure 8), 
the next station is CARLTON with subway connections into 
the CARLTON CENTRE.
Continuing on under COMMISSIONER STREET, the tunnels come 
to the next station at the intersection with END STREET. 
Good signposting is wanted here to and from the motorway 
ramps.
Another 850 m and JEPPE is reached. The station itself 
can well be on the triagle of land just west of the S.A.R. 
station; but it is disappointing that interchange traffic 
will have to come to street level and go down again. 950 m 
to the east, the tracks would rise to a terminal station - 
BERTRAMS - at BERTRAM ROAD. Here there would be another 
reshaping of bus services, the KENSINGTON (Nos. 32 and 33) 
and BEZUIDENHOUT Valley (Nos. 27, 28 and 31) routes, and 
possibly Route No. 22 from CYRIL DENE, taking BERTRAMS as 
a focal point, while the Nos. 34 and 35 from MALVERN would 
feed JEPPE station.

4. It will be seen that these proposals provide three important
additional Central Area stations, not covered in the City Plan, 
namely CENTRAL (for the S.A.R. Johannesburg Station), PRITCHARD 
(for the KERK/PRITCHARD STREET shopping area) and CARLTON (for 
the CARLTON CENTRE). They also include all the City Plan station 
sites except one at BRANDIS SQUARE, (City Plan Drawing 5.1.) and 
on the Alternative City scheme, one just east of JOUBERT PARK 
(City Plan Drawing 5.2.). These sites were omitted at the 1985 
stage because it was felt that the alignment HILLBROW - JOUBERT 
PARK - BREE STREET was already well covered by the City's 
successful bus lane scheme; the area could, it is suggested, 
therefore wait for one of the extensions envisaged after 1985 (vide Sec.4).



7

The interstation distances on the proposed syst;em are
the following table:-
North South Line km
Rosettenville to Trojan 2.250Trojan to Selby 1.750Selby to Van der Bijl 0. 700Van der Bijl to Pritchard 0.600Pritchard to Central Station 0.375Central Station to Braamfontein 0.825Braamfontein to Hillbrow 1.500Hillbrow to Berea 0.800Berea to Yeoville 1.450Yeoville to Houghton 2.250Houghton to Orange Grove 0.900

13.400
Braamfontein to Parktown 1.200Parktown to Richmond 1.900

3. 100
East-West Line
Mayfair to Fordsburg 1.100Fordsburg to Newtown 0.700Newtown to Diagonal 0.600Diagonal to Van der Bijl 0.800Van der Bijl to Carlton 0.450Carlton to End Street 0.700End Street to Jeppe 0.850Jeppe to Bertrams 0.950

6. 150
Total, both lines 22. 650



1 APPENDIX C

PROGRAMME SIGNALLING AND CONTROL OF MOVEMENT OF TRAINS

The trains will be driven and stopped at the stations automatically 
and the signalling at junctions will be programmed so that it will 
function throughout the week without any human intervention.
Both the automatic train system and the signalling system have been 
designed on a dual basis and in each case the safety circuits are 
kept separate from the non-safety functions. This arrangement is 
considered essential in order that the vital controls can be kept 
simple and be readily indentified.
1. Automatic Trains

Each train on the line is equipped for automatic operation.
The equipment provides for the trains to accelerate 
automatically from a station and stop at the next station, or 
to come to rest if a train approaches a signal at danger.
Should the train come to rest at the signal at danger, it will 
automatically re-start when the signal clears. The trains are 
staffed by one man, the train operator, whose duties are to 
operate the passenger doors at stations and, in the event of 
breakdown, to drive the train manually.
The automatic train system is in two parts, the safety and the 
non-safety.
The safety system is built and designed on the traditional 
fail-safe principles of railway signal engineering, and coded 
signals from the trackside safety equipment must always be 
detected on the train for the train to proceed. In the event 
of the loss of these signals, the trip valve on a train is 
de-energised and the brakes are applied, bringing the train 
to rest .
The non-safety system, known as the automatic driving control, 
controls the stopping of the train accurately in the station 
platforms.

2. Safety System
The line is divided into track sections which form track 
circuits in the conventional signalling manner but each track 
circuit is of the coded type. Four codes are used, 420 pulses 
per minute, 270 pulses per minute, 180 pulses per minute and 
120 pulses per minute. The track circuit feeds which are at 
125 Hz are interrupted at the appropriate rate and are 
decoded at the relay end of the track circuit _ The de-coder 
unit is so designed that the track relay will not operate 
unless it is receiving signals at 125 Hz interrupted between 
120 and 420 pulses per minute. This arrangement guards against 
false operation of the track relay from an extraneous feed.
The actual code applied to the track circuit is dependent on 
the whereabouts of the previous train and as that train proceeds 
so the code is automatically changed accordingly.
Ea.ch train is provided, at each end, with four coils mounted 
above the running rails, two on each side preceding the first 
wheels of the train. One coil on each side is used to detect 
the track circuit code in the running rails, the other two 
coils being used in association with the automatic driving.
The two safety coils on the train are independent and must
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each be receiving code for the train to proceed. When the 
train enters a track circuit the leading wheels short-circuit 
the track circuit and cause the track circuit current to pass 
along one rail under the coil on one side of the train, pass 
through the train axle, return in the other rail and under 
the other safety coil. The signals detected in the coil bear 
the same code as the track circuit current, and are amplified 
and fed to the safety equipment on the train. This equipment 
can only detect the three higher codes, 420 pulses per minute, 
270 pulses per minute and 180 pulses per minute The 120 
pulses per minute, fed to the track circuits, is not detected 
as this is used only for train detection purposes. When a 
train is receiving code at 420 pulses per minute the train 
safety circuits authorise a full speed movement. 270 and 180 
code permit movement up to 35 km (22 miles) per hour only.
The 270 code permits the train to motor, if necessary, and 
restarts the train after a signal stop. When a train is 
receiving the 270 or 180 code, should the speed exceed 35 km 
(22 miles) per hour, the trip valve is operated and the train is 
brought to rest. For the train to proceed when operating 
automatically, it must at all times be in receipt of a safety 
code from the track. If this code is not present then the 
train brakes are automatically applied and the train is 
brought to rest.

3. Automatic Driving System
This system conveys instructions from the track to the train 
to stop at required positions. These instructions take the 
form of audio frequency signals applied to a 3 m (10 ft) 
length of one running rail. This signal is detected in the 
appropriate non-safety coil on the train and conveyed to the 
automatic driver circuits. A 20 KHz signal is an instruction 
for the train to stop as the signal ahead is at danger and a 
15 KHz signal is an instruction for the motor to be cut off 
and the train to coast. The remaining command spots, which 
are in the range of 800 Hz to 5.5 KHz, are used to stop the 
train accurately in the platform. The frequency chosen is 
such that 100 cycles equals 1.6 km (1 mile) per hour and the 
command spots are positioned at the point where the train 
should be at that corresponding speed, when following the 
ideal braking curve to stop at the station. For example, the 
2 KHz spot, which represents 32 km (20 miles) per hour, is 
positioned in the station area where the train should be 
travelling at 32 km (20 miles) per hour if following the 
desired braking curve. As the train passes over this command 
spot, the instruction is detected on the train and compared 
with the actual train speed; if the train is travelling at a 
speed less than the desired speed, the brakes are released or, 
if the train is travelling too fast, the brakes are applied 
harder. This comparison takes place every time the train 
actually passes over one of the command spots and the braking 
rate is therefore altered to achieve the desired stop. With 
this system, stopping accuracy of - 1.5m (5 ft) is achieved.
The command spots used for the platform stop are gated so that 
their output is in the form of 128 cycles on and 128 cycles 
off. The train equipment counts the cycles as received from 
the track and, at the same time, counts the cycles from a 
frequency generator on the train, whose output is proportional
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to the train speed. From these two counts a comparison is 
made to ascertain whether the train speed is too fast or too 
slow and the brakes are applied or released accordingly.
Three braking rates are provided, a maximum, a normal and a 
minimum.

4. Signalling System
The signalling system on the line will be designed to be 
entirely automatic, with programme machine control at the 
junctions. As the line will be operated entirely by 
automatic trains, wayside visual signals will only be provided 
at the home signal approaching the stations and at the starting 
signals leaving the stations. In the case of the home signals, 
these will only be provided in case the train is being driven 
manually. Under normal conditions the automatic train is 
signalled entirely from the code signals picked up from the 
track and visual signals are not therefore necessary.
At junctions or places where crossovers are provided, an 
interlocking machine room will be constructed which will 
house the necessary equipment for controlling the signalling. 
The principal feature of these rooms is the interlocking 
machine from which the points and signals, or signalling 
circuits, are controlled. The interlocking machine comprises 
a number of shafts, one of which is allocated to each set of 
points or crossover, or each signal. Shafts are mechanically 
interlocked so that conflicting signals cannot be lowered at 
the same time, nor can a signal be cleared until the 
appropriate route has been set. The shafts are provided with 
approach-lock and back-lock controls in the same way as the 
levers in the now obsolete signal boxes. The shafts of the 
levers are operated by small compressed air cylinders which 
are in turn controlled by programme machines and non-safety 
circuits through electro-pneumatic valves. The interlocking 
machine shafts, in their turn, control the safety point and 
signal circuits. The interlocking machine therefore provides 
a barrier between the non-safety and safety circuits.
Each junction is controlled by programme machines, each of 
which carries a plastic roll in which holes are punched. A 
line of holes across the roll gives the relevant information 
of each train which is timetabled to run over the junction.
This information is used to set the route for each train. As 
each train passes, the programme machine steps forward to the 
next roll of holes so that the next train can be dealt with. 
Facilities are also built in so that, if desired, certain 
signals will not clear until the correct timetable time, and 
also for trains to be handled at converging junctions out of 
turn should the expected train not arrive on time. The 
programme machine roll contains information for the weekday, 
for the Saturday and Sunday service. The weekday portion is 
rewound each week night so that it passes through the machine 
five times from Monday to Friday and on Friday night the roll 
steps forward so that the Saturday service is available 
followed by the Sunday service and on Sunday night the roll 
is completely rewound ready for Monday morning.
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(to be read in conjunction with Sec.23)
APPENDIX D

TIME' ABLE
NORTH-S)UTH LINE

SPECIMEN HOUR PEAK SERVICE
21x6 eir trains

TRAIN SET NO. 12 11 13 1 14 2 15 3 16 4 17 5
—

18 6 19 7 20 8 21 9 12 10 13 11 14 1 15 2 16 3 17

ORANGE GROVE 52g 56i o ! 04! o s ! 12! 16! 20! 24! 28! 32! 36! 4 0! 44! 48!
RICHMOND 55 59 03 07 11 15 19 23 27 31 35 39 43 47 51 55

BRAAMFONTEIN 00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60
VAN DER BIJL 03 05 07 09 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 01 03
TROJAN 06| 08| 101 1 2! 14! 16! 18! 20 ! 22! 24! 26! 28! 30! 32! 34! 36! 38! 4 0! 42! 44! 46! 48| 50! 52! 54! 56! 58! 00! 02! 04! 06!
ROSETTENVILLE arr. 09 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 01 03 05 07 09

ROSETTENVILLE dep. 11 ! 13 J 15 J 17! 19! 2 1! 23! 25! 27! 29! 3l! 33! 35! 37! 39! 41! 43! 45! 47! 49! 5l! 53! 55i 57! 59! Ol! 03! o s ! 07! 09! Hi
TROJAN 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58
VAN DER BIJL 17| 19| 2l| 23! 25! 27! 29! 3l! 33! 35! 37! 39! 4l! 43! 45! 47! 49! 51! 53i 55! 57! 59! Ol! and
BRAAMFONTEIN 21 23 25 27 29 31 33 35 37 39 41 43 15 47 49 51 53 55 57 59 01 03 05 so on

RICHMOND 26 30 34 38 42 46 30 54 58 02 06 10
ORANGE GROVE 33 37 41 45 49 53 57 01 05 09 13
to form 31 38| 35 42! 39 46! 43 s o ! 47 54! 51 58! 35 02! 59 06! 03 10! 07 14! 11 i s ! 15

4 min. Service on each branch : 2 min. Service Braamfontein to Rosettenville

Off-peak, 6 min. Richmond - Rosettenville. 6 min. Orange Grove to Van der Bij1 Square 
giving 3 min. off-peak intervals Braamfontein to Van der Bij1



APPENDIX D (Continued)

TIMETABLE (Continued) 
EAST-WEST LINE 

SPECIMEN HOUR PEAK SERVICE 
10 x 6 car trains

TRAIN SET NO. 1 2 3 4 5 6 7 8 9 10 1 2 3 4

Mayfair 45 48 51 54 57 00 03 06 09 12 15 18 21 24
Bertrams arr. 56 59 02 05 08 11 14 17 20 23 26 29 32 35

dep. 00 03 06 09 12 15 18 21 24 27 30 33 36 39
Mayfair 11 14 17 20 23 26 29 32 35 38 41 44 47 50
To form 15 18 21 24 27 etc.

3 min. service Mayfair to Bertrams
Off-peak, 4 min. service Mayfair to Bertrams
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following, whose generous assistance in providing facilities and 
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City Council of Johannesburg
Councillor M. L. NEPPE Chairman, Utilities Committee

City Engineer's Department
Mr. B. L. LOFFELL City Engineer
Mr. E. J. HALL Deputy City Engineer
Mr. J. FULTON Assistant City Engineer (Design)
Mr. L. M. PHILLIPS Chief Administrative Officer
Mr. H. M. MARSH Executive Planner
Mr. B. L. CARLSSON Senior Forward Planner
Mr. T. I. CARLISLE Forward Planner (Eng.)
Mr. J. C. BATES Press Liaison Officer

Johannesburg Transport Department
Mr. G. ROSS General Manager

Traffic Department
Mr. S. DORFMAN Chief Traffic Officer

South African Railways
Mr. J. H. VAN ASWEGEN Chief Superintendent (Operating)
Mr. H. J. L. DU TOIT Head, Planning Division
Mr. G. RUSCOE Chief Superintendent (Staff)
Mr. H. P. J. LYELL Principal, Esselen Park Railway

College
Mr. J. G. HAY Civil Engineer (Structural and

Track)
H.B.M . Consulate-General
Mr. R. A. FARQUHARSON Assistant Consul-General (Commercial)

Witwatersrand University
Professor J. E. B. JENNINGS Professor of Civil Engineering
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