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A:

INTRODUCTION:

When asking the question: “Why Tubular Track ?” , it is being implied that one must compare this system
to some other track system. Transnet Freight Rail (TFR) is by far the leading railway company in South
Africa and their line classifications and specifications will be used in this report. According to their
official track manual (Manual for Track Maintenance – 2000) they classify their lines as follows:

Description

Classification
Axle
Tonnage
Classification load
(Tons) (MGT/year)

Heavy Haul
Lines
Major Main
Lines
Minor Main
Lines
Branch Lines
Station Yards
Back Roads

Rail Size
(Kg/m)

S

26

N1

20

> 15

57

N2

20

5 – 15

48

N3

60

Standards
Sleeper
Ballast
type &
depth
spacing
(mm)
PY @
650mm
300
PY/P2 @
700mm
280
P2 @
700mm
200

Ballast
Quantity
(m³ per km)
1600
1500
1200

<5
Table no 1 :- TFR Line Classification

As one will see later in this report, the Tubular Modular Track (TMT) system can compare favorably with
any of the above mentioned classes of lines and the question arises about which one to use for this
analysis ? The perception is that most parties would be interested in the N1 type line and therefore the
TMT system will be compared to that. However, should one be interested in one of the other type of lines,
then the same arguments and principals can be followed for such a comparison.

B: DESCRIPTION OF THE TWO DIFFERENT TRACK ASSEMBLIES:
B.1

Conventional Class N1 Ballasted Track :

B.1.1

History :

This type of track structure was developed over the past century and proved to be the most effective in
terms of the following:
Construction is relatively simple
It can be done manually as well as using full mechanization.
Construction speed is also much higher than slab track.
It is relatively “low cost” compared to the trains & rolling stock.
It allows maintenance to be done at a relatively low cost .
It is very low cost compared to “track slab” alternatives.
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Picture no 1:- Class N1 Ballasted Main Line
B.1.2

The Main Components of a Ballasted Track Structure :

B.1.2.1 Bulk Earth Works :
The prime function of the bulk earthworks is to provide an even platform on which the required
infrastructure can be constructed. It’s actual size will depend on the topography of the area, the
infrastructure to be constructed and the slope of the sides of the banks and cuttings.
Experience had shown that permanent stability of the bank or cutting slopes will be achieved if the slopes
are constructed to a maximum angle of 1 : 2. Up to a slope of 1: 1,5 , one can expect some slipping of the
topsoil and the occasional deep seated slip of the side slopes. Steeper than 1 : 1,5 and regular deep seated
slips can be expected and this should never be attempted unless it was properly analyzed and designed.
Generally speaking, this is not a good practice. Economic considerations normally dictates the slope
angles and it seems that a slope of 1 : 1,5 is the most popular (accepting some risks).
B.1.2.2 The Formation :
The formation consists of a series of specially designed and constructed layers of earth works on which the
track is then build. Normally these layers are designed to withstand any thing between 10 and 50 million
load cycles. This is the foundation for the whole track structure and if these layer works fail, then the rest
of the track structure will also fail. It had been proven over the years to be as important as the other
components when considered on the basis of the “life cycle” of the line as a whole. As an example, the
Richardsbay Coal line was re-build in the early 1980’s and at present about R 60 – 80 million is being
spent annually on the re-building of the formation with a much higher specification on the layer works and
drainage. One must be very careful not to under estimate it’s importance or to misunderstand it’s purpose
and capabilities.
B.1.2.3 The Ballast Bed :
Ballast consists of a particular mixture of clean angular stones which vary in size from 19 mm to 75 mm in
diameter. It’s main functions are as follows :
•

It reduces the contact stresses on the formation. That is why there will always be a min ballast
depth specification. By implication, the thicker the ballast is between the formation and the
bottom of the sleeper, the lower the stresses will be on the formation. The flip side of the coin is
that the thicker the ballast bed is, the more unstable the track structure becomes. Experience on
the Coal Line had shown that one can still tolerate a ballast bed of about 800 mm without any
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•

•

•

significant problems with lateral stability. One must just bear in mind that the Coal Line has very
good geometry and relatively low lateral forces. Generally, one should not go beyond a ballast
depth of 600 mm.
To provide lateral stability to the track structure. This is being achieved by the weight of the
shoulder ballast, the friction at the bottom of the sleeper and within the boxes. Kick outs can be
prevented by just keeping the ballast profile within the specifications irrespective of what the rail
forces are.
Providing resilience to the train dynamics. Well consolidated clean ballast gives excellent
resilience which will keep the track geometry in tack and therefore also reduces the loads exerted
on to the ballast bed. Fouled ballast will reduce the resilience of the ballast bed in dry conditions
to the extent that corrugations can occur on the rails. In wet conditions the fouling will act as a
lubricant which will cause plastic flow of the ballast bed with the associated loss of geometry. It is
also of vital importance that the overall stiffness of the track structure must be kept as constant as
possible. If there is a sudden change of stiffness at any point (like the transition from a concrete
slab to a ballast bed), then the track will deflect at different rates at that point and this will cause a
slack to develop on the track on the more flexible side.
It gives one the means to easily adjust the track geometry to a high degree of accuracy manually or
through mechanical means.

B.1.2.4 Sleepers :
The most commonly used sleepers are pre-stressed concrete sleepers due to it’s cost, longevity and weight.
It’s functions within the track structure are as follows:
•
•
•
•

To transfer the rail forces to the ballast bed.
They are heavy and thus contribute to the lateral stability of the track structure.
They keep the rails apart to ensure the correct gauge.
They act as an anchor point to prevent, or at least inhibit, rail creep and rail roll over.

The sleeper is being held at a fixed position in space by the ballast bed. Therefore, it is evident that if the
properties of the ballast bed change, then the sleeper will also change it’s position in space which will
result in the change of the geometry of the track structure (usually for the worst).
By reducing the sleeper spacing to 650 mm and / or utilize a heavier sleeper, one can increase the
permissible axle loading of a N1 line to 22 tons (or even 26 tons) or make use of a smaller rail (say 48
kg/m) to carry 20 ton axles. The prevailing circumstances for a particular line, will dictate the feasibility
of such a move.
B.1.2.5 Fastening Systems :
There is such a huge range of fastening systems available to connect the rail to the sleeper, that it is
impossible to discuss the whole range. Only the two types which are mainly being used by TFR on
concrete sleepers, will be looked at.
Currently, the Pandrol system is the most popular. This system consist of the following components :
•
•
•

A flat plastic resilient pad.
2 x Gauge plate insulators (for gauge adjustment and electrical insulation).
2 x Spring clips (to secure the rails to the sleeper to prevent rail roll over).

The other system is the Fist system, but this system had been taken off the market and is therefore not
feasible to employ on new lines. However, it is still important because there are still quite a number of
these sleepers on the existing TFR lines. The fist fastenings will probably still stay in circulation for the
next 50 to 100 years.
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B.1.2.6 Rails :
The rail size is determined by the axle-load as well as the sleeper type and spacing. For conventional track,
the rail has to do the following :
Provide the running surface for the wheel.
Assist with the steering ability of the wheel set.
Provide a “bridge” between the sleepers in order to transfer the wheel loads to the sleepers.
The subject of rail / wheel interaction is a very important issue when it comes to track design and
maintenance management. This subject deservers a report on its own and will therefore not be included in
this document. However, one must understand this subject well in order to really appreciate some of the
findings of this report.
B.1.2.7 Drainage :
Normally the drainage is not seen as part of the track structure, but many a track structure had failed in the
past due to the lack there of. This lesson had been learned by most Railroads operating in medium to high
rainfall areas. Water, combined with vibration, will cause voids to form in the most rigid of foundation
systems (even hard rock). This being a dynamic pumping action, it will manifest itself as little muddy
volcanoes appearing on top of the formation at the toe of the ballast bed and on top of the ballast bed. The
result is that there will be excessive localized settlement of the formation and extreme fouling of the ballast
bed with it’s associated negative impact on the track geometry.
Drainage must be designed in such a way that it is capable to drain off the surface water from the top of the
formation and prevent seepage water to penetrate the layer works. Once the layer works is saturated with
water, this pumping action will start and then it can only be rectified with very expensive interventions.
B.2

Tubular Modular Track ( TMT )

B.2.1

History :

Tubular Track appeared on the market in the early 1990’s as a continuous longitudinal beam which was
casted underneath each rail on site. The beams were connected together by metal ties at about 2 meter
intervals. Pandrol fastenings were used which were welded on to metal straps around the beams at 800
mm intervals. It took about 14 days for the concrete to cure before one could allow any traffic to pass over
this track. This inherent property of the TT system limited itself to only be used in station yards, loading
sites and back roads. The big advantage of this system was that the rail was fully supported along it’s
entire length by the concrete beam.
In about 2000-1, Tubular Track (Pty) Ltd developed the modular version of the TT system which they
called: “Tubular Modular Track” (TMT). The overall principal stayed the same except that it was now
factory manufactured to a tolerance of only half of a millimeter and it comes in lengths of up to 6 meters.
A resilient pad was also incorporated in the new design and this was a major step forward. In principal,
the TMT system now had all the necessary properties to be used in any track system, because all the
limiting factors of the old system had been eliminated in the new design.
Before the TMT system went out on to the market, it was extensively tested by TFR’s Track Testing
Centre and various other test sections in track. Almost every conceivable test was done on the TMT
system with above expectation results. In short, one can define the TMT system as follows :
TMT is a “ballastless beam” track system designed from first principles in line with the theory of
elastic foundation.
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Picture no 2 :- The TMT system
B.2.2

The Main Components of the TMT System :

B.2.2.1 Bulk Earth Works :
The same as for ballasted track. (item B.1.2.1)
However, if one considers the bearing width of the TMT system against the average width of a ballast bed
for a N1 line, then the TMT system is about 60 % less. Therefore one can expect to get some saving in the
volume of earth works to be constructed.
B.2.2.2 The Formation :
The same as for ballasted track. (item B.1.2.2)

Drawing no 1 :- Layer works for the TMT system
It is evident that the layer works is considerably less than for ballasted track.

9

B.2.2.3 Filler Grout :
Because there is no ballast in the system, there must be some sort of intermediate layer between the
formation and the beams in order to get a perfect fit between them. After the beams had been lifted and
aligned to their final position, then 60 Mpa grout is pumped into the gap between the beam and the
formation. This grout needs to cure for about 24 hours before traffic can be allowed over the track. If a
quicker curing time is required, then accelerators can be added to the grout, but normally that is not
necessary due to the construction environment in which the work is being executed.
B.2.2.4 TMT Modules :
Each module is 6 meters long and weighs about 3,5 tons. There are two connecting ties for the modules on
straights and three ties for the modules on curves. The Pandrol fastenings are spaced at 800 mm. Very
accurate manufactured moulds are being used to cast the modules without any pre-stressing of the re-bars.
Curing is done in the usual way. Once one has the moulds, then the rest of the manufacturing process is
very low – tech and the end product will conform to any required track standard.
In order to construct the tubular track, the modules are being placed directly on top of the formation by
means of lorry mounted crane. It must be placed next to each other with a spacing of 100 mm between
them. Then the rail is fitted and welded with the thermit process. Lifting and lining of the modules
follows next until the geometry of the track is within the A – standard as defined by TFR. Lastly, the gap
between the formation and the beams (50 mm – 80 mm) and the 100 mm gap between the modules are
filled with grout. The track can be opened the next day to traffic at full section speed.
Production rates will obviously vary according to the ammount of resources utilized, but one can build
about 100 meters of track per day with a track gang of 10 people and a concrete gang of 6 people.
B.2.2.5 Fastening System :
The Pandrol system is being used with the difference that the plastic pad is replaced by a continuous cork
impregnated rubber pad.
B.2.2.6 Rails:
TFR’s Track Testing Centre concluded that due to the continuous support of the rail, the stresses within
the rail are reduced by more than 70%. Gräbe also found that the deflection of the rail on TMT is about
60% less than on conventional track. From this one can conclude that the rail on TMT contribute very
little to the vertical stiffness of the structure and therefore mainly act as a running surface for the wheel
and the concrete beam does all the work. This is very significant, because it means that any functional
rail will do irrespective of the axle load to be carried.
The rail size to be used is now determined by other factors like economics (the cheapest available rail) or
the expected wear rate of the rail head. Given the current steel prices, this can translate into a cost saving
of up to R 200 per meter for new rails and even more if second hand rails are used. This fact also has other
major spin-offs like :
•

•

A line can be upgraded to carry a higher axle load by replacing it with TMT without replacing the
formation (provided it is still in tact) and the rails. The work can be done on a piece meal basis
(say 50 meters per day) in order not to close the line for long periods of time. This is not possible
with conventional track, because the formation has to be upgraded as well and this cannot be done
within an occupation time of say 6 hours.
A Rail Road Company can standardize on one size rail for all it’s lines and consequently
significantly reduce the amount of stock to be kept on hand.
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B.2.2.7 Drainage :
The same as for ballasted track. (item B.1.2.7)
With TMT, there are quite a number of options to design the drainage system, but the most simple is to
construct the layer works on top of the bulk earth works. By doing this, one creates a steep hydraulic
gradient to drain the surface water and almost completely eliminate any seepage water. The other
advantage of this solution is that all the components are visible and any problem can be detected at an early
stage and rectified before any structural failure can occur.
TMT is also very well suited to be used in very flat area’s (such as station yards) where the drainage of
water is difficult to achieve. The two parallel concrete beams form a very nice channel by itself and it can
be utilize for this purpose as well.
TMT is the only product which can adequately handle the drainage of the surface water which is towards
the track structure as is the case with coal loading sites. For all the other track systems, the water must
drain away from the track structure.
NB : As for any other track system, trapped water within the layer works is also a killer for TMT. It is
suggested that at least the sub ballast layer must be constructed on top of the bulk earth works and consists
of a granular material with no fines (< 1 mm) in it. This will ensure that there is no pore pressure buildup
and therefore preventing any pumping of the beams to occur. Just by constructing the track in this way,
one will make the difference between having a hassle free track or one which needs constant geometry
corrections.

C: COMPARING THE TWO TYPES OF TRACK SYSTEMS :
C.1

C.1.1

Bulk Earthworks :

Structural Requirements :

If one compare the required amount of earth works necessary to construct the two different types of lines
due to their structural requirements only, then, for a 5 meter deep / high cutting / bank, TMT will require
about 20% less earth works. Drawings no 2 & 3 below demonstrate the fundamental difference between
the two systems clearly.

Drawing no 2 :- Bulk Earth Works for TMT Track

Drawing no 3 :- Bulk Earth Works for N1 Track

11

The important issue, which is well demonstrated by these cross sections, is that the formation width is
reduced from 5,5 meters to 3 meters when using TMT.
C.1.2

Requirements from Infrastructure and Rolling Stock :

It can be argued that it is the vehicle width and the size of the other infrastructure which will actually
determine the required width of the top of the formation and not the structural requirements of the track
structure. That is so, but whatever the required infrastructure is, that needs to be erected on the top of the
formation, with TMT one will need at least 2,5 meters less in width.
NOTE: The TMT option could save significant amounts of cut or fill should it be used. However there
are much better solutions when adapting the approach of keeping the bulk earthworks the same as for
ballasted track, but reduce the layer works only.

C.2

Layer Works :

Consider a double line scenario with the standard top of the bulk earth works at 12,2 meters and the layer
works being constructed on top of it. Normally, the layer works are sunk into the bulk earth works with a
width of 8 meters, but this configuration was chosen to demonstrate the principal better. The end result
basically stay the same due to the additional excavation needed to sink the layer works. The same
principals will apply for a single line as well.
For this exercise, the layer works will be kept at the same thickness, but Shaw calculated that for the same
layer works, the service life of the TMT system is almost double as that for the ballasted system.
Therefore, in order to compare apples with apples, one should actually reduce the thickness of the layer
works for the TMT system to give the same service life. This reduction is on top of the savings as
described below.

Drawings No 4 :- The layer works configuration for ballasted track
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Drawings No 5 :- The TMT layer works configuration
Observations :
The area between the solid and dotted lines on drawing no 5 demonstrates clearly the difference in
the required volume of the layer works needed for the two systems. It is estimated that the
reduction for the TMT system is in the order of 35%. The layer works are order figures more
expensive than the other earth works and therefore this 35% reduction in volume can relate to very
significant savings in costs.
There is a walkway of 545 mm on either side of the ballasted track while it is 1375 mm for TMT.
If one needs it to be closer to the track, say for inspection purposes, then it is possible to construct
one of 600 mm on top of the A or B – layer and one of 775 mm on the bulk fill as shown in
drawing 5.
By constructing the layer works for TMT with a V - drain in the centre of the two lines, the layer
works can drain to both sides. This will prolong the service life of the layer works by preventing
the saturation of the layers and also the pumping action of the beams. It is not possible to do this
with ballasted track and to drain the water which accumulate between the two tracks is always a
problem – especially so when the ballast is fouled.

C.3

Ballasting :

There is no ballast used by TMT and therefore all the problems caused by it, can be ticked off as a plus for
TMT. Maintenance work related to the ballast, is about 50% of all the maintenance required on open
track.. Therefore, it is quite obvious that the savings on this item are huge. Some of the main items are:
The provision, installation and maintenance of the ballast bed.
Almost all of the on-track machines.
Reduces the number of inspections required.
Much less occupation time required.
No secondary work (like electrical adjustments) required due to the constant changing (and
growth) of the ballast profile.
Big improvement of the safety of the track structure.
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Al the related infrastructure are constructed with the specified ballast depth of 280 mm in mind. The
reality, however, is that the ballast thickness is increasing over time due to the tamping and augmentation
of ballast. As an example, the average ballast thickness on the Coal Line is currently in the order of 600
mm and probably over 400 mm for the other main corridors in the country. Drawing no 6 illustrates this
nicely.

EVERY PICTURE TELLS A STORY !

4

1

5

3
2
1. Track at original position (height) out of necessity otherwise train could not pass under
bridge and an inherent bad track is created, because no maintenance can be done on it.
2. Trapped water between the two tracks – no drainage possible through the ballast beds.
3. Ballast growth through repeated tamping and ballast augmentation.
4. Pantograph completely compressed and outside the bridge, the contact wire clearance is
back to normal. The pantograph works excessively hard and this increases the chances
of getting a hook-up.
5. Loss of geometry ! This is caused by the mud continuously moving up into the ballast
through the dynamic effect with each passing of a train.
6. SPEED RESTRICTION ! In this case (Wits Metrorail) the speed restriction was 15 kph
for SAFETY. This delays and severely restricts the train operations.
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Drawing no 6 :- The actual ballast profile
The negative effects of this are:
•
•
•
•
•
•
•

The cost to supply and maintain that volume of ballast.
The track structure can become unstable.
The ballast is falling off the sides of the banks and blocking the drainage in the cuttings – this is
very expensive waste.
Some spots become inherent bad track due to the limitations posed by adjacent infrastructure such
as overhead bridges.
There is no sign of any proper walkways which poses a safety risk to the personnel who has to
walk on sloped loose ballast. With TMT, the walkways stay functional and safe throughout the
life span of the track structure.
Water drainage from the ballast bed becomes non existent.
This situation is almost irreversible due to the inhibitive cost to repair and some practical
limitations.

C.4 Drainage:
Water is probably the worst external factor effecting the structural integrity of any railway line. Its is of
vital importance to keep the water away from the load bearing areas of the formation. Loss of the
structural ability of the formation always manifest itself in the deterioration of the track geometry.
Ballasted track has very little ability to drain water away due to the following:
•

The design of the drainage is in most cases seen as an “add on” to the formation design and not as
an integral part there of. The result is that the drains quickly block up with material and looses it
function.
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•
•
•
•

It is “the nature of the beast” that the drainage channels have to be on the side of the track
structure and this makes it vulnerable to collect all the material due to the erosion of the sides of
the cuttings.
It is very difficult to remove this material from the cutting and in most cases the silting up of the
channels just continue until the hydraulic gradient becomes zero. Then the water has nowhere to
go and start to seep into the formation layers.
Any fouling material inside the ballast bed will prevent the free flow of water through the ballast
and it will retain the water like a sponge.
To stop seepage water from entering the layer works, very expensive sub surface drainage systems
have to be installed around the layer works. This is only done in very special cases (like on the
Coal Line) and therefore this problem will persist in the future.

The above mentioned issues can not be solved without spending a lot of money (about R 5-7 mil per km).
In general, this will not happen and therefore it becomes, for all practical purposes, impossible to solve this
problem with ballasted track.
With TMT, the layer works can be constructed on top of the bulk earth works which will automatically
create a huge drainage channel with a very steep hydraulic gradient to drain the layer works, on either side
of the track.. The centre space between the two beams or between the two tracks for double lines, can also
be utilized as drainage channels. These channels will be protected against any fouling and a free flow of
the water can almost be guaranteed. Another advantage is that these channels will not need any cleaning
because there is no material to block it in the first place.

C.5

Maintenance:

Often the question is asked : “How much maintenance can be saved by using TMT ?”. There is no simple
answer to this, because it all depends from which perspective one is asking this. On the one end of the
scale, if the person is referring to a line where no maintenance is done, then there will be no saving by
using TMT. Then on the other end, if one refers to a very well maintained line (like for the heavy haul
lines), one will expect to get some savings – but how much ? In order to answer this question, one needs to
break up the maintenance inputs for a specific line into it’s components and then compare the two systems
for each component.
Turnouts require a major share of the maintenance inputs (about 33%) and there is currently a test running
in Ermelo yard to determine the difference in maintenance requirements between conventional turnouts
and modular tubular turnouts (MTT). Therefore, these two items will be discussed separately.
C.5.1

Open Track :

The most obvious departure point is the ballast, because there is a 100 % saving on this.
C.5.1.1 Ballast inputs:
They are :
•
•

Cost of ballast (for augmentation)
Cost of ballast trains
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•
•
•
•
•
•
•

Labour to off load, boxing in and trim
Regulators
Tampers
MOM’s & UV’s
Screening machines
Stabilizers
Occupation costs (loss of income)

C.5.1.2 Manual fixing of geometric defects :
Lifting out slacks and fixing mud holes are some of the major activities of the perway gangs. Say 20% of
these defects can be attributed to the formation and 80% to the ballast. According to Shaw, the TMT
formation will have twice the life span of the ballasted track . Therefore, one will expect to get half the
number of defects for TMT for the same formation and thus the 20% will reduce to 10%.
=> There will be a 90% saving in the manual input to fix geometry defects when using TMT.
C.5.1.3 Sleepers and Modules :
Work is only expected on these items when clearing derailments, which is not part of this exercise and will
therefore be ignored.
C.5.1.4 Pads :
Available information at this stage is that the TMT rubber pad on the turnouts in Ermelo had carried 250
million gross tons (mgt’s) and still going strong. It is only at the stock and switch where the pad failed at
130 mgt’s. At this stage, one can assume that the service life of the sleeper pad and the TMT pad is the
same. However, to replace the TMT pad, one needs to remove the rail completely or have some sort of
mechanism to lift long sections of rail simultaneously in order to replace the pad. It is much easier on
conventional track. Assume double the resource will be necessary to replace the TMT pad.
=> The saving on pads inputs will be – 100%.
C.5.1.5 Fastenings :
The same fastening system (Pandrol) is used on both systems except that the spacing on TMT is 800 mm
while on conventional track is 700 mm.
=> The saving on fastening input is about 12%.
C.5.1.6 Rails :
As discussed under item B.2.2.6, the rail on TMT does not really have any function and one can use a
much smaller rail on TMT. Say the saving on rails is 50%.
Because the rail is under very little stress, there should be no rail breaks and rail creep which make the
saving on thermit welding and de-stressing 100%.
One of the findings of the Ermelo test is that the service life of the rail on TMT due to contact stresses is
double that of conventional track. Therefore the saving on rail grinding will be 50%.
Block joints will react the same as the rails which make the saving on this also 100%.
Skid marks will hammer both systems the same and thus no saving here = 0%.
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C.5.1.7 Inspections :
It seems like most of the savings are at least 50% and then it only make sense to double the inspection
interval as well. Then there will be a 50% reduction in the cost of the following :
•
•
•

Trolley inspections
IM 2000
Ultrasonic measurements

C.5.1.8 Emergency Response :
Most of the call-outs are for slacks and rail breaks. Eliminate that and there is not much left to do for these
gangs. Therefore the feeling is that these emergency teams can be reduced by 75%.
C.5.1.9 Occupation costs :
All of these activities will occupy the track for a certain period of time in which the operating department
cannot run any trains. This will relate to a loss of a certain amount of income and it is virtually impossible
to determine the value for a specific line. The general principal that is used, is to couple a value to each
minute of train delays. The general accepted figure is a R1000-00 per minute. One can use this figure to
calculate the cost (or loss of income) of an occupation. However, this figure is so “hairy” that it will rather
not be used in any cost calculations, but it is important to recognize the fact that the occupation of the track
is costing quite a lot of money.

C.5.2

Turnouts :

C.5.2.1 Ballast:
This is almost the same as for open
track. There is a 100% saving on:
•
•
•
•
•

Cost of ballast (for
augmentation)
Cost of ballast trains
Labour to off load, boxing in
and trim
Set tampers
Screening machines

C.5.2.2 Turnout Maintenance Teams
:
The feeling at this stage is that the
modular tubular turnout (MTT) will
last at least twice as long as the
conventional sets. Therefore, these
teams and all the other related
activities can be reduced with 50%.
These activities are :
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•
•
•
•

Component replacement
Welding input
Machine grinding
Turnout replacement

In order to get some feeling of the total value of these savings, one can put it in table form. Refer to
Annexure A as an example.
Note that the values used are fictitious, but they will reflect the order figures in savings which can be
achieved on an intensely maintained line like the Coal Line.
The important issue which Annexure A demonstrates very well, is that the higher the input costs are for a
particular ballasted line, the more the saving will be if TMT is being installed instead.

This makes TMT excellently suited to be used on heavy haul lines.
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D:

OPPORTUNITIES AND SPIN-OFFS DERIVED FROM TMT :

D.1

Electrification :

D.1.1

Saving on Electrical Masts :

By keeping to the standard formation width of 12,2 meters, there is enough room to place the TMT tracks
at 5,5 meter centers. This gives one the opportunity to construct a nice wide drain between the tracks and
only use one electrical mast in the center. Therefore, a saving of 50% on electrical masts.

Drawing no 7 :- Electrical masts in the center of the two tracks
D.1.2

Fixed Track Position :

The TMT system is a fixed structure which does not move in any direction over time. This property of the
system has got a number of positive spin-offs in the sense that :

Drawing no 8 :- Fixed track position
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•

The track to contact wire position is fixed and no more :
o
o

•
•
•
•

D.2

Stagger adjustment with almost every on track machine.
Rail to contact wire height adjustments.

The contact wire height can be kept constant which will cause the pantographs to run much
smoother and there by reduce the risk of hook-ups.
The track to mast distance never changes and the rail to mast bonds never have to be removed. It
can be installed permanently in such a manner in order to curb the theft there of.
The track to platform position is fixed and this will make it much safer for the passengers.
According to Stein, TMT can manage stray currents much better if installed correctly.

Signaling :

Because TMT is a fixed structure, the signaling cables can be imbedded in the filler layer between the
formation and the beams. This will make them very difficult to remove and keep it out of sight.

Drawing no 9 :- Imbedded signaling cables

D.3

Bridges :

In principal, all that one needs, are two beams across the gap to support the TMT. If a walkway and
handrails are also required, then a very light deck can be incorporated just to support the normal
maintenance activities. Due to the much lower design loads (about 2 ton per meter), the bridge
construction will be much simpler and cheaper.
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D.4

Safety :

Much improved overall safety is probably the most important spin-off from the TMT system. It can be
divided into the following categories :

D.4.1
o
o
o
o
o

D.4.2
•
•
•

D.4.3

People Safety :
Safer platforms for passengers.
Much reduce chance for the workers to contract dust and noise induced illnesses.
No walking on loose ballast – there are proper, uncluttered walkways.
Less maintenance work and therefore less chance for workers to get injured.
Less derailments with it’s associated hazards.

Animal Safety :
Large animals see this structure similar to a motor gate. They will either jump over the track
structure or not cross it at all. The classic situation where they stand idle in the middle of the track
will not happen with TMT.
Small animals can use the space between the two beams to hide and escape through the drainage
gap between the modules.
Tortoises cannot be killed by a train on tubular track. They cannot get over the beam in the first
place, but if they do, then there is ample space above them and the train will just pass over them.

Derailments :

The chance of having a derailment due to a rail break or kick out, is as close to zero as one will ever get.
This is due to the fact that the rail is under very little stress and the chance of it breaking is very small.
Even if it should break, then the fact that the rail is continuously supported, makes the rail break of very
little consequence.
Most big derailments follow a very specific pattern from the point where the first wheel derail until the
train comes to a stand still. Relatively little energy is being absorbed until the first wagon starts to
jackknife. It is this jackknifing process which absorb all the energy and bring the train to a stop. When a
wheel derail on TMT, it will fall off the beam and the jackknifing process will start immediately.
Therefore, all the usual damage which normally occurs from the point where the first wheel derails up to
the point where the jackknifing starts, will be prevented. It is estimated at about 30% of the total damage
(track and rolling stock included). This also means that there will be less repair work and the line can be
opened sooner.
The TMT modules are also very convenient in building temporary lines in which the modules are just
installed on a roughly prepared formation and then the rails fitted. The line can then be opened with a
speed restriction to get the traffic going. The final repair work can be carried out on a planned basis at a
later stage when it is more convenient.
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D.4.4

General Track Safety :

Things like clearances, track stability, level crossings, etc do not deteriorate in time, as with ballasted
track, with the result that the safety aspects very much stay as it was originally constructed. As mentioned
before, rail breaks and kick outs are highly unlikely to occur and this is a huge issue for any perway
maintainer.

E:

CONCLUSION :

Between the 1970’s and the early 1990’s, South Africa was at the fore front of track technology.
A term which was frequently used in those days was : “One must try to achieve a QUANTUM
LEAP…”. From all the evidence as stated in this report, it is quite clear that TMT is that
quantum leap which our forefathers were looking for. In fact, it seems that the LEAP is so big
that most people are afraid to make the jump !!

TUBULAR MODULAR TRACK IS THE TRACK OF THE FUTURE
AND THAT IS WHY ONE WILL CHOOSE IT !
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Annexure A
Savings on maintenance cost for TMT
Current
%
Actual
Input Saving Saving

Item

R mil

R mil

For open track
Cost of ballast
Cost of ballast trains
Labour cost for ballast work
Regulator
Tampers
Screener
Mom
Stabilizer
Geometric defects
Sleepers
Pads
Fastenings
Rails
Thermit welding
De-stressing
Grinding
Block joints
IM 2000
Ultrasonic measurement
Emergency response

2.4
0.1
1
2.5
9.1
9.2
3.4
2.5
2.7
0
4.7
8.9
14.4
5.9
1.8
6.5
1.8
0.8
0.8
10.9
89.4

100
100
100
100
100
100
100
100
90
0
-100
12
50
100
100
50
100
50
50
75
65

2.4
0.1
1
2.5
9.1
9.2
3.4
2.5
2.4
0
-4.7
1.1
7.2
5.9
1.8
3.3
1.8
0.4
0.4
8.2
58

Total for turnouts

0.5
0.1
0.3
4.6
3.1
9.9
6
2
6.2
16
48.7

100
100
100
100
100
50
50
50
50
50
59

0.5
0.1
0.3
4.6
3.1
5
3
1
3.1
8
28.7

Total for perway

138.1

63

86.7

Total for open track
For turnouts
Cost of ballast
Cost of ballast trains
Labour cost for ballast work
Tamper
Screener
Maintenance teams
Component replacement
Welding
Machine Grinding
Turnout replacement
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Annexure B

Tubular Track
The performance of the turnouts which were installed in
Ermelo shunting yard during March to June 2007
(One pager)
History :
A golden opportunity presented it self to test the performance of different types of 1 : 12 turn-outs when the “D yard “
in the Ermelo shunting yard had to be re-modeled. It was decided to install four tubular track turn-outs on the right
hand stagger at control point 6 and conventional turn-outs on the left hand stagger. For all practical purposes, all
these turnouts will then be subjected to the same conditions and applied loads and one can easily determine their
performance by only observing the rate of deterioration for each set.
These sets were installed in the period March to June 2007 and the estimated tonnages carried varies from about 60
million gross tons to about 240 million gross tons to date. About 90% of the traffic (in terms of tonnages) has an axle
loading of 26 tons and the rest is 20 tons per axle.

Results :
These results are just extracts from various progress reports and can be substantiated.
•
•
•
•
•
•
•
•
•
•
•

The maintenance cycle of the tubular sets is at least twice as long as that of the conventional sets and
therefore it’s service live should also be at least twice as long.
The tubular sets are by far superior in handling longitudinal rail stresses. In fact, one can even say that a
conventional set is not suited to be used in a high rail stress environment.
The rail-wheel contact stresses are reduced on the tubular sets.
The tubular sets generate lower lateral forces than the conventional sets.
The tubular sets are maintaining it’s overall geometry much better.
A tubular beam behaves in a similar fashion as a track slab in dissipating repetitive loads and is therefore also
associated with the same negative effects.
The effective live span of the resilient pad in the stock & switch area on the tubular sets is in the order of 130
mgt’s for a 26 ton axle load.
Both types of turn-outs indicate that the stock & switch is the most stressed component on the set.
A 40 kg rail on tubular track can be used on low volume heavy haul lines provided that the formation also
complies to the requirements.
The problem with the transition between a concrete slab and ballasted track had not been resolved yet.
Therefore, one should not use a tubular turnout in isolation on ballasted track, because you are only creating
three high maintenance spots.
The age old problem:- water must be kept away from the bearing area’s at almost all costs because the tubular
turnouts in particular are very sensitive to it.

26

Interesting predictions :
Due to the lack of a proper test section on a Heavy Haul line, one can only theoretically extrapolate the above
information in order to make the following predictions :
•
•
•
•

A 1 : 12 turnout on tubular track will perform on par with a 1 : 20 new generation turnout on a heavy haul
line.
A 1: 12 turnout on tubular track will handle rail stresses better than a 1 : 20 new generation turnout.
The fatigue life of a rail will be 2,5 times longer on tubular track than on conventional track.
The rail-wheel contact stress life of a rail on tubular track will be 50% longer than on conventional track.

Conclusion :
At this stage, it seems that the performance of the tubular turnouts is by far superior to that of the conventional
turnouts.

I van der Linde
Pr Eng
March 2009

